Safety Assessment of Hydrolyzed Wheat Protein and
Hydrolyzed Wheat Gluten as Used in Cosmetics

Status: Draft Final Report for Panel Review
Release Date: May16, 2014
Panel Meeting Date: June 9-10, 2014

The 2014 Cosmetic Ingredient Review Expert Panel members are: Chairman, Wilma F. Bergfeld, M.D., F.A.C.P.;
Donald V. Belsito, M.D.; Ronald A. Hill, Ph.D.; Curtis D. Klaassen, Ph.D.; Daniel C. Liebler, Ph.D.; James G.
Marks, Jr., M.D., Ronald C. Shank, Ph.D.; Thomas J. Slaga, Ph.D.; and Paul W. Snyder, D.V.M., Ph.D. The CIR

Director is Lillian J. Gill, DPA. This report was prepared by Christina Burnett, Scientific Analyst/Writer, Bart
Heldreth, Ph.D., Chemist CIR, and Ivan Boyer, Ph.D., Toxicologist CIR.

Cosmetic Ingredient Review
1620 L Street, NW, Suite 1200 ¢ Washington, DC 20036-4702 ¢ ph 202.331.0651 ¢ fax 202.331.0088 ¢
cirinfo@cir-safety.org



mailto:cirinfo@cir-safety.org

" i T e
Cosmetic

| ‘2 eview

Commitment & Credibility since 1976

Memorandum
To: CIR Expert Panel Members and Liaisons
From: Christina L. Burnett, Senior Scientific Writer/Analyst
Date: May 16, 2014
Subject: Draft Final Report on Hydrolyzed Wheat Gluten and Hydrolyzed Wheat Protein

At the March 2014 meeting, the Panel was presented information by two different speakers that addressed the Type |
reactions observed following exposure to hydrolyzed wheat gluten (HWG) and hydrolyzed wheat protein (HWP). Dr.
Surinder P. Chahal, presented information on principles and methods of hydrolyzing proteins and characterizing the
polypeptide products of hydrolysis, and presented the results of studies on the sensitization potential of HWP. Dr. Kayoko
Matsunaga presented information on studies prompted by an outbreak in Japan of type 1 immediate hypersensitivity
reactions to a HWG ingredient (Glupearl 19S) in facial soaps and other products. Based on the information presented, the
Panel issued a tentative safety assessment on HWG and HWP with the conclusion that these ingredients are safe for use in
cosmetics when formulated to restrict peptides to a weight-average MW of 3500 Da or less.

Since March, the VCRP data has been updated for 2014, and documentation was submitted by Dr. Chahal and Dr.
Matsunaga (Dr. Matsunaga’s submissions were translated from the Japanese, and the Japanese original and the translated
versions are enclosed); no other new data have been received. Comments that were received from the Council prior to the
March meeting, as well as those on the tentative safety assessment, have been considered. The comments are available for
your review in this report package.

The Panel should carefully review the abstract, discussion, and conclusion of this report and issue a Final Safety
Assessment.
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Hydrolyzed Wheat Protein and Hydrolyzed Wheat Gluten History

May 2012 — Scientific Literature Reviews announced separately for Source Amino Acids
and Hydrolyzed Source Proteins.

December 2012 - The CIR Expert Panel combined the 2 reports into 1 and retitled it
“plant- and animal-derived amino acids and hydrolyzed proteins”. The Panel also
removed the ingredient hydrolyzed spinal protein from review as it is a prohibited
ingredient. The Panel requested additional data to support the safety of 75 plant- and
animal-derived amino acids and hydrolyzed proteins. The additional data needed are: (1)
method of manufacturing data for both plant and animal-derived amino acids and
hydrolyzed proteins, especially for hydrolyzed wheat protein; and (2) composition and
characterization specifications of plant and animal-derived amino acids and hydrolyzed
proteins, including molecular structure and molecular weight ranges from several
suppliers to determine if there is a consistency in cosmetic grade plant and animal-
derived hydrolyzed proteins, especially hydrolyzed wheat protein.

March 2013 and Post Meeting — The Expert Panel tabled further discussion on animal-
and plant-derived hydrolyzed proteins to allow CIR staff to reorganize the report and to
analyze further data from Japan regarding Type 1 allergic reactions to hydrolyzed wheat
protein in a soap product. The staff has decided to group hydrolyzed wheat protein and
hydrolyzed wheat gluten in one report in order to facilitate consideration of the concern
about hydrolyzed wheat protein in Japan and not dilute the evaluation with other
unrelated ingredients. The review of the other animal- and plant-derived hydrolyzed
proteins will be performed sometime in the future. Prior to being tabled, the Panel had
issued an insufficient data announcement with the following data needs: (1) method of
manufacturing data for hydrolyzed wheat protein; and (2) composition and
characterization specifications of hydrolyzed wheat protein, including molecular structure
and molecular weight ranges from several suppliers to determine if there is a consistency
in cosmetic grade hydrolyzed wheat protein.

September 2013 — The Expert Panel issued a tentative safety assessment of hydrolyzed
wheat gluten and hydrolyzed wheat protein with the conclusion that these ingredients are
safe for use in cosmetics when formulated to minimize peptide lengths greater than 30
amino acids. Additionally, these ingredients should not be used on damaged skin or in
products that may come into contact with mucous membranes or may be incidentally
inhaled. The Expert Panel asked that the cosmetics industry continue to provide
additional data on manufacturing practices, characterization methods, and composition,
including peptide size distributions, to enable better characterization of the nature and
variability of these ingredients as used in cosmetic products and to enable the Expert
Panel to refine its conclusion.

March 2014 - The Panel was presented information by two different speakers that
addressed the Type I reactions observed following exposure to hydrolyzed wheat gluten
(HWG) and hydrolyzed wheat protein (HWP). Dr. Surinder P. Chahal, presented
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information on principles and methods of hydrolyzing proteins and characterizing the
polypeptide products of hydrolysis, and presented the results of studies on the
sensitization potential of HWP. Dr. Kayoko Matsunaga presented information on studies
prompted by an outbreak in Japan of type 1 immediate hypersensitivity reactions to a
HWG ingredient (Glupearl 19S) in facial soaps and other products. Based on the
information presented, the Panel issued a tentative safety assessment on HWG and HWP
with the conclusion that these ingredients are safe for use in cosmetics when formulated
to restrict peptides to a weight-average MW of 3500 Da or less.
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Hydrolyzed Wheat Protein and Hydrolyzed Wheat Gluten Data Profile* — June 2014
Writer, Christina Burnett
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Search Strateqy for Hydrolyzed Wheat Protein & Hydrolyzed Wheat Gluten
(Performed by Christina Burnett and Ivan Boyer)

February-April 2012: SCIFINDER search for Hydrolyzed Proteins (55 substances, searched under INCI names
and CAS No.):

Initial search for “adverse effect, including toxicity” yielded 18 references.

Also performed searches using the following search terms (no limits for reference type):
“Hydrolyzed Proteins in Cosmetics” (yield = 30 references);
“Skin Sensitization — Hydrolyzed Proteins™ (yield = 1 reference);
“Bioactive Peptides - Cosmetics™ (yield = 18 references);
“Skin Irritation — Polypeptides” (yield = 23 references);
“Skin Sensitization — Polypeptides” (yield = 11 references);
“Biogenic Peptides” (yield = 1 reference);
“Bioactive Peptides — Toxicity” (yield = 28 references);
“Bioactive Peptides — Skin Irritation” (yield = 1 reference);
“Hydrolyzed Proteins Chicken Cells in vitro” (yield = 1 reference); and
“Hydrolyzed Protein Irritation” (yield = 7 references).

Many of the references were patents or efficacy reports.

13 references were ordered.

Search updated January 18, 2013.

June-July: SCIFINDER and PubMed search for Hydrolyzed Wheat and CAS Nos. 100684-25-1, 70084-87-6,
100209-50-5, and 222400-28-4

Additional 9 references were ordered.

Search updated January 22, 2014
Additional 2 references were ordered, only 1 was incorporated into the report.
Search updated April 14, 2014.

No new pertinent information identified.
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March 17-18, 2014 CIR Expert Panel Meeting

Hydrolyzed Wheat Gluten and Hydrolyzed Wheat Protein

Presentations by Speakers to Full Panel — Monday, 17 March

DR. BOYER: Okay, thank you. Yes, we have two speakers to address specifically, the
safety assessment of hydrolyzed wheat protein, hydrolyzed wheat gluten in cosmetics, as ingredients in
cosmetic products. At the last meeting, the conclusion for those ingredients was -- safe if formulated to
minimize peptides longer than about 30 amino acids, and also to indicate -- the conclusion indicated that these
ingredients are not safe -- not necessarily safe for products that are incidentally inhaled or applied to damaged
skin, or applied to mucous membranes. And at that meeting, the panel requested that we have a couple of
expert speakers come and address some of the issues, particularly related to a Type | immediate
hypersensitivity reactions that have been reported in both Japan and in Europe. And we've got speakers today
that can address, and particularly, the cohort in Japan, Dr. Kayoko Matsunaga, who comes to us from the
Health Sciences University, and she is the Chairman of the Dermatology department there. She is a professor
there. She's also the Chair of the Japanese Allergology Society's Special Committee to address hydrolysates
in cosmetic products. And so she'll be able to address some of the very interesting findings that they've been
able to develop over the last several years.

Our first speaker comes to us from England. He is Dr. Dass Chahal. He is a Director of the
Research and Development Group at Croda, International, and he comes to us from England. And without
further ado, | would invite Dr. Chahal to come up and give us his presentation and answer some questions.
Thank you.

DR. CHAHAL: Good morning ladies and gentlemen. Thank you for the invitation to
come and talk to you about hydrolyzed wheat proteins and allergy this morning. As Ivan's pointed out, | work
for Croda. Croda has been producing and providing hydrolyzed proteins for over 40 years, approximately 42
years, so a significant level of experience there. The contents for this morning -- the presentation, as well as
talking about allergy with wheat proteins -- | think it's important to understand exactly what hydrolyzed

proteins are -- how they're produced. And also touch on understanding how molecular weight is measured for
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these proteins, because that's important, especially if you have a target of thirty amino acids. How do you
actually measure that? And then I'll go on to talk about a Croda’s historical assessment of hydrolyzed wheat
proteins in terms of allergic potential, and some of our previous data, and some more recent data that we've
developed on this matter. And then I'd just like to touch a little bit on the CIR Expert Panel guidelines, on the
use of these hydrolyzed wheat proteins, if | may.

My name is Dr. Surinder P. Chahal. I've been appointed R&D Director. 1've been with the
company for 27 years and probably about 22 of those years have been spent on developing hydrolyzed proteins
for the cosmetic industry. There are various types of proteins that are actually available commercially, and
have been for many many years. Proteins we call native proteins. These are proteins that still retain some of
their inherent native structures. So generally, these are high molecular weight proteins. We then have
enzyme hydrolysates. These are shorter chain peptides. Proteases are used to basically break longer chain
proteins into much smaller units. And then there are also acid hydrolysates, so you can break down proteins,
using strong acids. And in this case, we're talking about very short chain peptides. You can also use alkali as
a means of hydrolyzing proteins, and you can generate either high molecular weight proteins intermediate or
low molecular weight proteins, using an alkaline hydrolysate system.

Once you've produced these peptides, or hydrolyzed proteins, you can then also derivatize, to
funtionalize these materials, so they can be made more cationic to be more substantive to hair and skin. So
they can be isolated to make natural soaps -- surfactants, or you can copolymerize with other monomers to
produce functional ingredients and Croda does most of these. | would like to point out that Croda's led the
way in hydrolyzed proteins and derivatives for many many years and so most of the industry tends to follow
and do what we do here.

As | mentioned, there are three real ways of hydrolyzing a protein, so it's basically taking a
natural material, which is insoluble, breaking that down using various catalysts, either acid, alkali or enzymes.
Acid, you can get down to pure amino acids, so you can break the protein down all the way to individual amino
acids, so when you're talking about a molecular weight of 150 daltons, for example. Alkali is a mixture of

high molecular weight materials -- you could produce something that's 100,000, 125,000 daltons, all the way
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down to 600 daltons. And then enzymes typically, with a standard protease, a general protease, you're
probably talking anywhere between 500 daltons to about 5,000 daltons, depending on which enzyme you use.
So that's a little bit about hydrolysis of proteins. Once you've hydrolyzed those materials, you can derivatize
those, using cationic material, producing new materials with new functionality, quaternized, acylated, and
copolymers.

It's also important to understand how these are produced from raw materials, and obviously
today, my focus will be entirely on wheat. Wheat flour, from crops is obtained. You can remove the starch
by washing out the carbohydrates from this wheat flour. This is an industrial, large scale operation. There'sa
lot of this wheat flour goes into food. That generates this native wheat gluten, which is and insoluble material,
and are quite glutenous. In order for companies like Croda to actually use these materials, it needs to be in a
form that's dispersible, so a lot of these companies also produce what we call isolates, and they take the wheat
gluten and they treat it with either an acid or with an enzyme. And majority of the treatments over the years
have been acid treatments, but nowadays, you can also obtain the soluble wheat proteins as these manufacturers
call them, which are enzyme treated. Now it should be pointed out that these soluble wheat proteins are not
the hydrolyzed wheat products that companies like Croda would produce. They're actually our raw materials.
They're not actually soluble. They're just dispersible, so you can put them into water, and they will disperse,
and form a glutenous mass. They are obviously, very high molecular weight materials, but in the case of the
acid treatment, you will get some partial deamidation of the glutamine and the asparagine, and that's important
to know for the rest of the slides that I'll be talking about. This partial deamidation has some impact on
sensitization.

So we take, as our raw material, this insoluble, known insoluble wheat protein, and we then
do the various types of hydrolysis. So we can alkaline hydrolyzed insoluble wheat protein and we can
generate materials that have a very high molecular weight -- 100 to 125,000 daltons. These are very good film
formers, or we can use acid hydrolysis and strong acid and pressure and we can break down the wheat protein
to its individual amino acids, so we end up with a complex of 18 different amino acids -- very low molecular

weight obviously.
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And then you have enzyme hydrolysis, and typically most of our products are based on
enzyme hydrolysis. And this generates short chain peptides with a weight average -- molecular weight of
about 3,000 daltons. Okay? We can then take that enzyme hydrolysate and functionalize, so most of our
products and functional products are based on this low molecular weight peptide. So we can make various
cross, I've introduced some of the INCI names there, and a number of copolymers from this basic parent
protein. And again as | mentioned earlier, isolate amino acids and you can generate some soaps. So that's
important to understand, that the soluble wheat protein raw material obtained from our suppliers, isn't really
soluble -- it's a high molecular weight material, and we have to break it down in order to produce products for
the cosmetic market.

Measurement of molecular weight is also important if you're going to assign a size cut off.
But measurement of molecular weight of small water soluble polymers and peptides is not easy -- it's difficult,
and at best, it's approximate. And molecular weight in this industry, normally denoted as weight average
molecular weight, and the methods typically used in the industry include size exclusion, HPLC, or GPC. We
can use absolute molecular weight, using GPC and multi-angle laser light scatterers, or simple electrophoresis
type measurements using SDS page. But I'd like to just describe the various methods and just point out that
depending on the method you use, you can get a very different answer, even using SCH PLC -- if you change
the column or the temperature or the standard, you can get a very very different results.

So the standard method we use -- the HPLC method, GPC, simple to run, but you can get
variation. And it's an approximate method, and we basically have been using the same method without
modification for about 20, 25 years -- just so we can get comparative values all the time. GPC/MALLS -- an
absolute molecular weight, the results can also be influenced by the column choice in this case.

And then you have SDS-PAGE, which is a good comparative method and -- but it's
dependent again on appropriate standards and it's semi-computative, whereas the other method, you can get
some quantification of the various components of a distribution. Just to give you an idea, we took our enzyme
hydrolyzed wheat protein with a molecular weight of approximately 3,000 daltons and we did the various

molecular weight analyses. So using our standard method -- our internal method, you can see there is the
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distribution, and the weight of the molecular weight is 3,147 -- so 3,000 approximately. If you then use the
absolute molecular weight method -- GPC/MALLS -- here we had a couple of batches tested. The average
was 2,800 daltons -- so not far away from our standard internal method -- reasonably good correlation in those
two methods.

DR. LIEBLER: Excuse me, what's the lowest molecular weight you're confident in being
able to measure with both this platform and the one on the previous slide?

DR. CHAHAL: Once you get down to less than 3,000, 2,000 -- it becomes very difficult.
With amino acids, you can use other means of making sure that they're all amino acids. The poly-dispersity
narrows quite a lot, so that also gives you an indication of the degree of hydrolysis. Okay? Did that answer
your question? Okay.

The GPC electrophoresis method, the SDS-PAGE we did on that same material, and this was
done at an external laboratory here in the U.S. and they ran that and they basically found nothing in that
material that was above 2,000 daltons, based on their standards. So again, depending on the method you use,
you can get slight variations, particular for these low molecular weight water soluble polymers. So it's not an
exact science and that just needs to be understood.

I should also point out that the INCI nomenclature that's used to describe hydrolyzed proteins
doesn't differentiate by molecular weight, so here in the yellow, we have two products with the same INCI
name, but one is 100,000 daltons and the other is 3,000 daltons. So the INCI names that are used in the
industry won't differentiate between two products with different molecular weights.

Some of the work that we've done over the years to understand proteinology, particularly
hydrolyzed wheat proteinology -- we are a leading supplier of hydrolyzed wheat proteins and have been for 25
years. They've been in the market. Product safety, obviously is very important to a company like Croda, and
we do a typical toxicology -- skin, eye irritation and Ames. Allergy and sensitization of hydrolyzed proteins
and hydrolyzed wheat proteins has been and continues to be a difficult area to understand and assess. We can
do clinical trials but it's difficult finding the right subjects to do those trials with.

Animal models can be used and are available, but as Croda is a cosmetic company, a supplier
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of cosmetic ingredients, we have a non-animal testing policy and that obviously makes it very difficult for us to
do those tests. There are some in vitro methods available nowadays, but these methods are not approved or
validated as yet. They are being developed and hopefully ECHA in Europe will start to look at these and
hopefully adopt these going forward. The latest in vitro methods are very much related to single component
chemicals, for assessing those. They're not very applicable to proteins, unfortunately. But I'll talk a little bit
about those as | go on.

Now proteinology concerns with hydrolyzed wheat proteins go back to the late nineties.
When wheat proteins were introduced to the market, many of our customers asked various questions regarding
those. If you add a cosmetic hydrolyzed wheat protein into a cosmetic product and a person who has a wheat
allergy -- a conventional wheat allergy -- are they going to react to that material? And that was a valid
question. And so we did some work at that time to try and address that question. It's also good to understand
that a number of multi-national manufacturers of cosmetics have their own internal guidelines and have some
self-regulation when it comes to hydrolyzed proteins, and they too have their own cut offs. So that cut off,
certainly with the multi-nationals, is based on an understanding that as you hydrolyze a protein down to shorter
and shorter peptides, the potential for allergy is reduced to a point where it's eliminated.

And that's been a very logical assumption. So we've tried to look into these matters. So in
year 2000, we did a very simple study, which was looking at our enzyme hydrolyzed wheat protein, with a
molecular weight of 3,000, approximately 3,000 daltons, and just wanted to know whether it bound in vitro to
human anti-gluten antibody -- just used Slot Blot and western Blot in vitro analysis, and the results were maybe
indicative of the amino reactivity of this hydrolyzed wheat protein. And we use a couple of positive controls
of time -- gluten, just purchased in, and our parent wheat protein, that's so-called soluble wheat protein, which
we used. So both positive controls were visualized and gave a positive result, which is good. The hydrolyzed
wheat protein of molecular weight 3,000, gave a negative result.

And the duplicate blot exposed to a non-immune serum gave a negative result as well, as
expected. So basically the hydrolyzed wheat protein analyzed using this method, was found to be

non-reactive against this anti-gluten antibody. That was our very first result, just based on this hydrolyzed
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wheat protein, and we got no concerns there.

We then went on a year later to do a more extensive study, and this was a little bit different.
It was in vivo. And we obtained a number of people who had an allergy, a conventional allergy to wheat.
And we wanted to understand whether they elicited a Type | skin reaction to our hydrolyzed wheat proteins and
a number of other proteins that we had. So the patients used for this study were wheat IgE positive
individuals. The study was carried out externally at a company called PlasmaLab. The circulating IgE levels
in the serums of these individuals were measures and they varied between those two units there. Their allergy
pumps were primed prior to doing the testing, and six patients were used, five of which had the wheat allergy
and one was a non-allergic, non-atopic control. And then we used positive and negative controls for this
study. So all patients tested positive to the positive control including the control patient, so that was all good
and wonderful, and all the patients tested negative to the negative control.

A little difficult to see there, but I think there's approximately about 15 different products.
The majority of these are based on our short chain peptide, 3,000 dalton peptide. But there are other products
there, which are alkaline hydrolysates with a molecular weight of 100,000 daltons, 125,000 daltons. These are
wheat derived materials. Then we had a number of derivatives -- the amino acids, very short materials, a
number of the cationic derivatives, some of our other co-polymer derivatives. And we also threw in a
hydrolyzed vegetable protein in which, this case was a potato protein and also hydrolyzed oat protein -- okay,
low molecular weight materials.

And as you can see there, basically, they didn't react -- so even the high molecular weight
materials did not give a positive result to these patients with a conventional wheat allergy. It's important to
understand that this a conventional wheat allergy and I'll talk a little bit about non-conventional wheat allergy
and I'm sure Professor Matsunaga will further describe that particular wheat allergy.

DR. BELSITO: Would you call that completely negative? It looks like patient 5 was
reacting to two of quaternized wheat proteins and also have this --

DR. CHAHAL: Okay, yes, we asked that question of PlasmalLabs and their response to us

was that the reaction was so slight, it was probably a negative reaction.
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SPEAKER: s that individual (inaudible) clearly negative control. It wasn't like they were
dramatic graphic and there were confusions as to how to read the test?

DR. CHAHAL: Yes, and these individuals were sensitized to wheat allergy, they shouldn't
really have reacted to an oat protein.

DR. BELSITO: Butdid you know whether the patient was allergic to oat or not?

DR. CHAHAL: No, we did not know. But based on the test lab that did the work, and
based on their experience, their response to us basically -- that's probably an average result, but comparing the
whole issue of whether high molecular weight materials are going to be a concern or low molecular weight
materials, we certainly didn't find that.

DR. BELSITO: Do you know what the molecular weight of those two quaternized
proteins -- wheat proteins were --

DR. CHAHAL: Yes, the parent protein is 3,000 daltons.

DR. BELSITO: Three thousand.

DR. CHAHAL: Yes, verygood. Okay. We have more recently carried out some work in
Finland, and just to give you a little bit of background, the company that supplies us with the raw
material -- this soluble wheat protein, or dispersible wheat protein, had an issue in Denmark where they found
that a couple of people who ate this material -- this was a food product, generated an allergic response -- a Type
| allergic response. They decided to take this product off the market for food applications. But they also
came to Croda and said, look, we want to take this material off the market and use something else. Obviously
that was a bit of a concern for us. So what we decided to do basically was, with this company who supplied
the material to us, was basically say, look, if we can do the same testing on the sera from these individuals that
you've done, and we can demonstrate that our products don't show any response, would you continue to supply
us? And their response was yes, we'd be happy to do that, if you can show there's no response.

DR. MARKS: Would you go back to the previous slide? So you're going to say which one
of these --

DR. CHAHAL: Yes, the one we -- we basically looked at all again. So we used this raw
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material to make all our products, so we basically looked at all our products based on wheat. And so we did
the study on the same individuals, sera from the same individuals -- group of individuals -- hospital in Helsinki,
at the laboratory there, and we were required to demonstrate safety of our finished products. It was an in vitro
study, using the sera from these individuals -- two types of sera used -- one was gluten hydrolysate positive, and
wheat gluten negative, and the other was positive to both gluten hydrolysate and wheat gluten, and a negative
control was used. Again, difficult to see there, but at the very top, number one, is our hydrolyzed, enzyme
hydrolyzed wheat protein, molecular weight about 3,000, and it came back negative. The positive control was
the raw material, which is at the very bottom, and that came back very positive. And there was a degree of
positivity in these tests. Another product number two, which is very similar to number one, again negative.
Some of our derivatives came back negative -- derivatives based on that 3,000 molecular weight material.
And then we had an unusual one. We had one of our cationic materials that was negative to one sera, positive
to the other. Our amino acids, which were all very, very small, 150 daltons, came back negative. There were
high molecular weight wheat proteins, which previously in year 2000, for conventional wheat allergy, came
back negative. In this case, this non-conventional wheat allergy which I'll talk about -- they came back
positive, which was kind of expected, because these very high molecular weight materials -- 100,000,
125,000 -- came back positive. We also had a slightly unusual -- one of our copolymers came back positive
on -- it was very difficult for us to understand why that should be. We also tested the enzyme used, just to
make sure that wasn't allergic in any way in this test. That came back negative. There were various
preservatives we would use -- they all came back negative.

But I had a question mark on a couple of those materials that were cationic and came back
positive, even though that -- because they were based on this low molecular weight peptide. So we present
some materials. These were all done blind at this hospital. And in this case, we again got slightly different
result for our cationic materials. But my feeling was that the test method being used was giving us a false
positive with cationic materials. So in this case, in this test, we also sent one of our products, where we didn't
actually use a wheat protein or any protein. We just produced the poly-cationic material. So it was a protein

free polyquat and that came back positive. So it just questioned the test methodology that was being used by
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the hospital in Helsinki. It wasn't appropriate for cationic materials.

So, basically, on this, to conclude, we have this non-conventional wheat allergy which is
related to the deamidation according to our suppliers and the testing they did -- it's related to the deamidation
caused by the partial acid hydrolysis they used to produce the raw material that we used. So the 3,000 dalton
peptide came back negative. It's been hydrolyzed sufficiently to reduce any allergic response. The
derivatives are also negative. The cationics gave a false positive unfortunately. But the high molecular
weight proteins did come back positive in this test. And as | mentioned, this indication from our supplier, that
it was the acid treatment of the wheat gluten and this partial deamidation that gave rise to this non-conventional
wheat allergy. And | believe this is very much the case in the studies in Japan. They also tested their enzyme
treated gluten, so there's no deamidation, and the enzyme treated gluten was negative -- even the high
molecular weight material. So this allergy was very specific to deamidation.

DR. BELSITO: Could you just help me understand -- I'm having trouble wrapping my
brain around what you just said. You told us at the beginning that when you use acids you can down to almost
single amino acids, correct?

DR. CHAHAL: Sure.

DR. BELSITO: So why, in this acid treatment, were you getting just partial deamidation?

DR. CHAHAL.: It's the -- manufacturers of these wheat isolates -- all they're trying to do is
basically take something that's insoluble -- glutens -- and make it dispersible. So it's a very gentle --

DR. BELSITO: So it's the starting material that you said you start with.

DR. CHAHAL.: Yes, the starting material we use, is partially acid hydrolyzed. Okay?
They can use an acid, or they can use an enzyme. And that's what causes the deamidation. And in this case,
you're getting about 20 percent deamidation. Not a lot.

DR. BELSITO: Enough to make it dispersible --

DR. CHAHAL: Yes.

DR. BELSITO: But still of high molecular weight.

DR. CHAHAL: Yes, yes, yes -- exactly. We have also more recently done some in vitro



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

testing. A company in the U.K. called Alcyomics Limited, and they use a skin testing method. It's a
modification of a skin explant model, for testing desensitization. | must point out, this is a method that's in
development and has been for a number of years, but according to ECA, it's still a non-validated method. But
again, it will give you some indication. So it's a method basically -- you take a skin explant from an
individual -- a normal individual with no allergy, take a blood sample, separate the dendritic cells and T-cells,
add the test material, incubate, and then add to the skin explant, and look at visual damage that occurs to the
epidermis and dermis, which is an indication of sensitization. It's graded, it's kind of -- you can see

here -- Grade | on the top left there. There's no vascularization of the epidermal cells, and there's no concerns.
And as you go from Grade 11, bottom left, Grade Il1, bottom right and Grade 1V, bottom right -- you can see the
white area continues to grow. That's the separation of the dermis from the epidermis, and that's a response to
the T-cells, a response to sensitization. So this is the marker that they use. So we did some work with this
group, and we sent them two materials. One was a completely hydrolyzed wheat protein, a molecular weight
of 150 daltons, and we wouldn't expect to see any sensitization with this material. And the other was the high
molecular weight wheat protein that we produced, 100,000 daltons, and the results there -- we had a couple of
batches of each. With the culture medium, we probably had seen no response there. We had the negative and
positive control. The positive control gave a Grade IlI; the active control -- no response. So our hydrolyzed
amino acids gave a negative response, as we would expect. The high molecular weight wheat protein in this
case, gave a Grade 11 response, so it was showing some sensitization in this model.

So as | mentioned, it's a non-validated method, but something that is indicative. We are
currently doing some more testing, for a number of products in this -- using this test, just to give us some
indicative idea of the materials. And just the conclusions, from that testing. This testing was in line with the
non-conventional testing that we did in Finland, in Helsinki. Just very quickly, a little bit about our
understanding, and I'm sure Professor Matsunaga will certainly talk a lot more about this. I'm just going to
very briefly mention -- this Glupearl 19S issue in Japan came to Croda's knowledge a couple of years ago.
The JSA have done quite a lot of work in this area. It's a high molecular weight wheat protein. It's similar

possibly to the raw material that we would use to actually make our hydrolyzed proteins. It's that kind of -- but
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it has been acid treated -- acid pre-treated -- so it's strong acid conditions, longer hydrolysis than our raw
material would have, and the higher degree of deamidation is expected for this material. And this acid
treatment was determined as potentially raising the sensitization of this Glupearl 19S protein.

Animal testing was carried out on this material in Japan -- repeat skin exposure followed by
an intra-peritoneal challenge, and Glupearl 19S was seen as a strong sensitizer. Our hydrolyzed wheat
protein -- high molecular weight one -- 100,000 daltons, was also tested in this same model and that gave a
similar response to the Glupearl 19S. So we here have two products that have deamidation, and in this
particular test model, both gave a positive response. These were very high molecular weight materials. So
here are the results as Croda knows them. The blue line is the Glupearl 19S that gave a positive response.
The yellow line is our hydrolyzed wheat protein -- high molecular weight, partially deamidated, which also
gave a positive response. The negative -- the red line, is a control. But it's interesting to point out here that
our product -- a new product that we developed for this test, was based on an enzyme pre-treated soluble raw
material, so it didn't have any deamidation. But it had the same high molecular weights. And that was tested
in this model, and that came back negative. So again, it points to this fact that the deamidation has a part to
play in this specific non-conventional wheat allergy. So, the 19S was in the soap bar that caused the
hypersensitivity issues in Japan. It's different to conventional wheat allergy. It's related to this deamidation
and a high molecular weight. Our high molecular weight material, similarly, partially deamidated, also
reacted as a sensitizer, but if you don't deamidate, it's fine.

So finally, just moving on to the CIR Expert Panel guidelines, as they're currently
written -- in the CIR report it also discussed cross reactivity to IgE in individuals pre-sensitized to wheat
proteins. There is also a question mark as there is not a lot of data available on molecular weight threshold,
and also, there were no real guidelines as to how you would measure molecular weight if you imposed a size.
So our data, what I've shared, over the years, has shown that the conventional wheat allergy -- there's no cross
reactivity to IgE with our products -- even the high molecular weight materials -- to conventional wheat
allergy. We've also shown that by reducing the molecular weight of the hydrolyzed wheat proteins, there's no

cross- reactivity to IgE to non-conventional wheat allergy -- this related to deamidation. So as long as you can
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break them down to smaller units, the reactivity disappears. And that information was also demonstrated by a
paper by Yuki Chinuki, et.al., in Japan. For molecular weight cut off, there's general consensus by experts in
the field that by reducing the size of the protein, the potential for any immunogenic response is reduced or
eliminated. That is well accepted. So peptides chained with 30 amino acid units are unlikely to retain their
inherent native structure, and will be significantly denatured, and that's been our understanding over the years.
And our investigations of peptides with a molecular weight average in the region of 3,000 daltons have been
shown to be non-immunogenic. So although protein allergenicity still remains a complicated issue, the CIR
Expert Panel guideline to minimize wheat peptide length greater than 30 amino acids is a robust conclusion,
and it's based on available information and expert opinion.

However, there is that caveat also in the guideline. If therefore the average peptide lengths
of 30 amino acids are deemed safe and acceptable, then the question is, is the following caveat required, which
was -- it is not to be used on damaged skin or in products that come into contact with mucous membranes. In
my opinion, if hydrolyzed wheat proteins are deemed immunogenic below a certain chain length and size, then
peptides -- those peptides -- will be inherently safe, whether they're used topically or systemically. That was
my opinion, but I also asked a highly respected expert in immunology, Professor lan Kimber, who | work
closely with, and asked him that very same question. | believe some of you here are aware of Professor lan
Kimber, from the U.K. So | asked him the same question, and to quote Professor Kimber -- it's probably
difficult to read -- it says, "If it is established that a peptide lacks the inherent potential to stimulate an immune
or allergic response, then there will be no risk of allergic sensitization, irrespective of the level of exposure. In
this context, if a peptide lacks inherent sensitizing potential, there is no legitimate reason to mandate that
exposure by damaged skin or mucous membranes should be restricted or prevented. In this case, there is no
risk to humans, due to the lack of inherent sensitizing potential, and the absence of risk does not require
protection from exposure”, and that's to quote lan Kimber on this particular question, based on the data that we
have, and his understanding as an expert in the field.

So it is a recommendation that the CIR Expert Panel reconsider this caveat -- this aspect of

the guideline, as it may seem unwarranted with the data that we have. So overall, Croda results have shown no
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cross- reactivity to conventional wheat sensitized individuals, even with high molecular weight wheat proteins.
The Japanese sensitization is different to conventional sensitization, as was the Danish issue. It's linked to
high molecular weight deamidated proteins, very similar to the Danish issue, with the amidated proteins. But
hydrolysis of these materials to low molecular weight wheat proteins eliminates potential for sensitization, as
demonstrated by the Croda studies and the studies in Finland and at Alcyomics. Thank you.

DR. BELSITO: Would you just put the slide back up with your test results on those six
patients -- the one nonatopic and the five atopics? You just passed it. Okay -- what were you testing here?
These products -- what was the molecular weights -- 125 kilodaltons?

DR. CHAHAL: Okay, yes, the first one there -- non-quaternized wheat protein was 3,000
daltons.

DR. BELSITO: Three thousand, 100, 125 --

DR. CHAHAL: That's 100,000, 125,000 -- then we had the wheat amino acids which were
150 daltons -- just amino acids. We have the quats, which are based on the 3,000 dalton.

DR. BELSITO: So the two that were questionable were 3,000?

DR. CHAHAL: Yes.

DR. BELSITO: Daltons.

DR. CHAHAL: Three thousand daltons -- parent protein. But as | say, based on the
PlasmaLab's expert opinion, those were question marks as to whether they were positive.

DR. BELSITO: That goes back to the fact that in your testing you found some of the
quaternized amino acids falsely positive or --

DR. CHAHAL: There were quaternized peptides, yes, that were falsely positive in the
wheat, in the Finnish study, yes -- because the test method wasn't appropriate.

DR. MARKS: Would you define more clearly for me, what you call conventional wheat
allergy and non-conventional, and where that's occurred, and mechanisms as you understand it. It's a very
nice presentation, thank you. You made it very clear.

DR. CHAHAL: You're welcome. | must point out that I'm a chemist, not a toxicologist or
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immunologist, but by conventional, we mean people with a standard wheat intolerance for food, and --

DR. MARKS: So I'm having a little difficulty whether that wheat intolerance -- what is the
mechanism? Is it IgE based? Is it some other T-cell based? s it just a Gl intolerance or does it result in an
anaphylactic reaction, which presumably would be IgE mediated.

DR. CHAHAL: Yes, the testing we did for the conventional wheat allergy was on
individuals who had the Type I reaction. It was IgE based.

DR. MARKS: And then, so tell me, the non-conventional? What's you concept of that?

DR. CHAHAL: Okay, this was more recent. This was the work I'm sure Professor
Matsunaga will expand on, which was based on the fact that we were getting another response which was
caused by this partial deamidation. And so this was a difference -- people with a conventional wheat allergy
were not responding to this. But it was a new response. But it wasn't, in this case, limited to Japan. They
had a couple of concerns in Denmark, to this partial deamidation.

DR. BELSITO: So just to clarify Jim's point then, these individuals, if you did an
ImmunoCAP or a prick test for a standard wheat allergy, they would test negative on that test? But they tested
positive to your partially deamidated wheat product?

DR. CHAHAL.: So, if people with a conventional wheat allergy were tested with these
products, they would test negative.

DR. BELSITO: And by conventional wheat allergy you mean, as defined by an
ImmunoCap or a prick test or --

DR. CHAHAL: Yes, yes.

DR. BELSITO: And the people who were testing positive to these partially deamidated
wheat proteins, if you did an ImmunoCap or a prick test for standard wheat allergy, they would test negative?

DR. CHAHAL: | don't know.

DR. MARKS: And I guess to me the important thing is, what is the phenotypic or
phenotype end point, so both individuals would have an anaphylactic type response, is that correct?

DR. CHAHAL: That, in different ways, show up -- again Professor Matsunaga will cover
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that, but it was a -- in the case in Japan, it was an exercise induced anaphylaxis on the -- once wheat was
consumed.

DR. LIEBLER: 1 just have a question about deamidation. How do you assess deamidation
analytically? Do you have a quantitative measure that you use and if so, does that provide any insight as to
what a cutoff might be for the ability to induce an allergenic response?

DR. CHAHAL: Yes, we haven't done that work internally ourselves. We kind of rely onto
our supplier and the supplier's given us that information for approximately 20 percent, using the fairly mild
conditions. And my comment on the Glupearl 19S is based on, that the conditions used there are much
stronger, and high temperatures, and you would expect to get a higher degree of deamidation.

DR. LIEBLER: So that makes general sense. I'm just wondering how you're supplier
measures it.

DR. CHAHAL: Yes, | don't have that information, but it's basically a -- it shouldn't be
difficult to do. It's based on the convergence of glutamine to glutamic acid and just (inaudible).

DR. LIEBLER: Yes, it's possible with the available technology now to not only
quantitatively assess deamidation, but to actually look at the degree to which different peptide sequences are
affected, and in the case of some of these proteins, that actually might be really important.

DR. HILL: So just one more time, because | think I'm not clear. How do you go about
assessing that you're approximately 3,000 molecular weight or not, analytical chemistry-wise then?

DR. CHAHAL: We have used the same methodology for 20, 25 years -- exactly the same
method, and there is some variation, depending on the methodology used, so we've done the approximate
molecular weight determination which came out to about 2,800. And we've also done SDS-PAGE
incidentally and that didn't find anything above 2,000, and so as | mentioned earlier, it's not an exact science.
But it will give you a good indication if you can find a method that's comparable.

DR. HILL: Well, okay, so the SDS-PAGE is not going to be as sensitive as capillary
electrophoresis. What kind of -- | don't even know how to ask this question, but | guess I'm wondering about

the limits of detectability using that methodology. How much would it take being there, on a percentage basis,
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before you could see a high molecular weight band?

DR. CHAHAL: Nowadays, you can use very, very small quantities, so in millimeters of
injection.

DR. HILL: Well, yes, okay, so that's the protein which is presumably not, yes -- small
peptides that are presumably below, but how much do you have to put there to see a detectable amount
of -- where the molecular weights exceed, because | would think you would not have to have a large percentage
of those high molecular weight impurities in there before you might still generate the hypersensitivity?

DR. CHAHAL: Again, you can use very, very small materials. We're using UV as a
method of assessing these materials, so the sensitivity size -- even the shoulders on the distribution curve -- you
can quantify those to some extent. But it's that same material -- that 3,000 that I talked about, which has that
distribution. And that was the material that was tested.

DR. LIEBLER: So I just want to point out that the methods that are being used that you
described, are sort of fine, but they're also methods that are 20, 30 plus years old. The ability of these methods
to distinguish molecular species in terms of molecular weight, basically bottoms out around 3,000 or so,
depending on whether -- what your gel permeation media is or the percent cross linking in your SDS-PAGE
gel, and I think you probably aren't really able to respond to Ron's question that well, because it's true -- you can
load a small amount of protein on SDS gel and detect it, but that doesn't really get to what he's asking and
that's -- what fraction of the amount that you're loading on, that might be higher molecular weight, is
undetected? So I think the answer to a lot of this these days is mass- spectrometry, and particularly MALDI
mass spec would be perfectly suitable -- well, actually much better suited than any of the techniques that you
measured. Do you guys use any MALDI? Or do you use it to a contract lab?

DR. CHAHAL: Yes, we have done some work in that area, in the past. 1've not shared
much about it today -- where we've actually generated a 20 amino acid unit peptide and then used that as a
standard, in M.S. and again, we were fine with that. There weren't high molecular weight species in the
(inaudible) material.

DR. HILL: Great, I mean to specifically rephrase my question, is how much material would
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it take to detect a shoulder, using the methods that you're using?

DR. CHAHAL: Okay, I can't answer that.

DR. BOYER: Both of our speakers are going to available during the team meetings, if you
want to go into this in a little bit more depth, but we need -- to move on to our second speaker. Thank you very
much Dass. And Dr. Matsunaga comes to us from Fujita Health University School of Medicine. The
Council has kindly provided us with a translator to facilitate the questions and answers if need be.

DR. MATSUNAGA: Good morning ladies and gentlemen. | thank you very much for
inviting me to this distinguished members of the Expert Panel, CIR. Thank you. I'm going to talk about
safety information, about hydrolyzed wheat proteins from Japan. I'm from Nagoya City, | live in Nagoya City
and University is in Toyoake City. You know Toyota City maybe -- a famous one. Please come to Nagoya
City. Our University hospital has 1,505 beds. It's the largest university hospital in Japan, and about 2,100
outpatients a day. Here is my department of dermatology and my room. Okay, | can talk today about various
things, but maybe time is limited so, I will pick up with the three in 30 or 40 minutes, okay? Today I came
here because | was asked by the Expert Panel of CIR if | have information that can help the Panel with this
question. It will be helpful for advancing the Panel's decision -- Is there sufficient data to identify a threshold
amino acid length of the peptides of hydrolyzed wheat protein or hydrolyzed wheat gluten below which there is
little chance of trans-dermally inducing sensitization in healthy people or in test animals. You think as distinct
from eliciting a response in already sensitized patients, which apparently is not expected to occur theoretically
if the peptides are less than 30 amino acids long. Our answer is, our data suggests that there is little chance
that hydrolyzed wheat proteins or hydrolyzed gluten which do not include more than 30 amino acid length can
trans-dermally induce sensitization in healthy people or in test animals. | will show you the sensitization
potential of the Glupearl 19S and other hydrolyzed wheat proteins down by the theoretical threshold, okay?
This is hydrolyzed wheat protein for cosmetics in Japan and transdermal sensitization was done. I'm sorry but
Croda Tritisol, their trade name, and Glupearl 19S, it's Katayama Chemical Company -- these two hydrolyzed
wheat proteins can sensitize but several other hydrolyzed wheat proteins cannot. Transdermal sensitization

was done by three day patch test, four times for four weeks and then, intra-peritoneal elicitation was done.
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Zero point five percent SDS was required for sensitization to sensitize BALB/c mice with Glupearl 19S, 500
microgram in 0.5% SDS solution per pad of Glupearl 19S is used for transdermal sensitization. So repeated
exposure of hydrolyzed wheat protein on the damaged skin is necessary to produce sensitization. So this is
measuring hypothermia -- the body temperature of mice, and you can see Glupearl 19S here, hypothermia was
seen, and also in Tritisol -- less, but there is hypothermia. But other hydrolyzed wheat proteins no reaction.
And we score anaphylaxis and then Glupearl 19S -- the score was 2.7.  Whereas Tritisol, you can see, 2.1, a
little bit higher than, and specifically higher than gluten at 1.0. And preparation of hydrolyzed wheat proteins
triggered by hydrochloric acid and heat -- you can see a hydrolyzed in 0.1N HCL under 100 degrees -- zero to
48 hours. You can see the proteins goes 0.5, 1, 3, 6, 9, 12 hours -- you can see the molecular weight decreases.
And at nine hours, molecular weight less than 30 kilodaltons -- protein could not sensitize. Thirty, not three,
okay? And when we see a response of patient serum IgE to Glupearl 19S fraction, Glupearl 19S immediate
wheat allergy patients, serum IgE did not react to Glupearl 19S -- this one -- less than 3 kilodaltons. And there
is closer activity between Glupearl 19S and Tritisol. Serum specific IgEs against Glupearl 19S Tritisol at four
weeks after we did transdermal sensitization, with the two hydrolyzed wheat proteins -- this says that Glupearl
19S (inaudible). This is a sensitization with a vehicle, no reaction, and transdermal sensitization antigens,
Glupearl 19S and Tritisol, you can see both give positive reactions. And Tritisol specific IgE -- that's a solid
phase Tritisol -- you can see also that two positive reactions in Glupearl 19S and Tritisol. So they cross react.
And we saw cross reactive responses between Glupearl 19S and the other hydrolyzed wheat proteins. These
other hydrolyzed wheat proteins -- okay, you cannot remember. And when we evaluate the IgE binding
activity to each hydrolyzed wheat proteins, of course Glupearl 19S positive reaction, and one, two, three, four,
five -- no reaction, but from six to nine -- positive reactions. These are from the one manufacturer. It's the
Croda Company, so what's the cause? This is protein contents.

DR. MARKS: Would you go back to the previous slide?

DR. MATSUNAGA: Yes?

DR. MARKS: So there are positives to molecular weight 3,000, 3,500 --

DR. MATSUNAGA: Yes, you see average molecular weight. So maybe 1,000 dalton.
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This one is the number seven. Number seven is here. When we perform western blotting using patient sera,
sensitized to the hydrolyzed wheat protein, Glupearl 19S, you can see, this is 100 kilodalton, so very high
molecular weight proteins there, right? They reacted. And this is Tritisol, okay? And it is known to elicit
an immediate hypersensitivity reaction -- two epitopes of at least eight to ten amino acid residues -- about 2,000
dalton and the spacer are connecting these two epitopes, ten amino acid residues, about 1,000 dalton -- that is at
least 3,000 dalton polypeptide is essential to elicit a reaction. Here, epitope -- two epitopes and spacer -- so
3,000 dalton is essential. But we have had many patients with latex allergy, and hevein is known as a major
allergen of latex allergy in those of health care workers who use natural latex gloves. The molecular weight is
4,700. So this allergen can transdermally sensitize.

We suggest approaching a polypeptide less than 3,000 dalton does not elicit an immediate
hypersensitivity response. The protein does not have potency to induce immediate hypersensitivity. | have
time, so | will talk. I'll continue to talk, okay?

We have learned much from an outbreak of immediate hypersensitivity to hydrolyzed wheat
protein in a facial soap in Japan. This is Cha no Shizuku. It's "drop of tea", containing a hydrolyzed wheat
protein, Glupearl 19S, excellent in forming foams. And the active ingredient was dipotassium
glycyrrhizate -- this one, and here, hydrolyzed wheat protein powder. It's Glupearl 19S. This soap contained
0.3 percent of that. The mean molecular weight was about 50,000 dalton. It has excellent foam-ability and it
was advertised on TV or internet, as good for skin care, especially for lightening skin, so that many people,
many women have bought it from a mail-order house, and used. This soap was sold -- 46 million and number
of clients registered -- 4.6 million, and maybe estimated 6 million measured female have used this soap and |
think about 10 percent of the Japanese women have used. And the one out of 2,800, mainly women, have this
wheat allergy.

I will show our first case. She was 47 year old female teacher. Her complaint was that
urticaria, dyspnea and anaphylactic shock after meals. She had past history of pollinosis since 20 years ago.
She had been emergency transported four times since one year ago, when she first developed urticaria dyspnea

and hypertension after meals. She had two episodes of anaphylaxis when she was shoveling snow. She
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started to use the soap three years ago and had noticed irritation on her face at the use of the soap since six
months ago. This is a clinical manifestation of urticaria -- itchy wheals on the face and edema on the eyelids
after using the soap. The patient brought this photo to us. So we have experienced a total of 54 cases at the
University Hospital. Remarkable edema on the eyelid -- you see? Most of the patients are females and half
of them had systemic symptoms, anaphylaxis with marked edema of the eyelids after taking foods including
wheat. All have used the soap Cha no Shizuku "drops of green tea", but a few cases had not noticed itching or
any symptoms on the face after cleansing their faces -- so 25% or 30% of patients did not show any contact
urticaria on their faces. That's a very difficult problem for us to diagnose the first of this allergy. So,
Academic Society's movement started in May, 2011. The Japanese Society of Allergology, 10,000 members,
with close association of the Japanese Society of Derma Allergology and Contact Dermatitis, 500 members,
established on July 4th, 2011, a special Committee for the Safety of Protein Hydrolysates in Cosmetics. |
have been the Chair of this Committee. And first we made diagnostic criteria for immediate wheat allergy to
the hydrolyzed wheat contained in Cha no Shizuku soap and some other products. First, the history of usage
of the soap, and clinical manifestations either contact urticaria or systemic wheat allergy, and the third way,
objective evidence of specific IgE or basophil activation test was positive.

Then, these patients are all over Japan -- the 47 prefectures, and now 2,107 cases are
registered — frequently seen in females, 20 to 60. Ninety-six percent of the patients were female. Only four
percent were male. Because this soap was very expensive -- 1,800 yen -- maybe $18. Is it expensive? |
don't know. And the patient -- the number of cases registered now decreasing maybe 2,200 at most. And you
saw the situation with the soap. Almost all of the females use for face and some used for their body, and
they -- after they stopped using here and the year, stopping the use and this is symptom appearance, maybe a
little bit later, so one year later or two, or one and a half year or so. And very interesting thing is clinical
manifestations, during use, or after using the soap -- of course no anaphylactic shock or anaphylaxis after
using -- washing their faces was seen — only mild eyelid edema and urticarial was noticed. But after eating
wheat products, 25 percent had shock, 30 percent had anaphylaxis. Totally is 55 percent had anaphylactic

reactions. And this is a remarkable clinical manifestation. It's eyelid edema. Maybe while washing faces,
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the hydrolyzed wheat protein is absorbed through eyelid membrane and near epidermis, membranous
absorption.

According to the history of allergy, 55% had history of allergy. In Japan 40% or 50% of the
women aged 40s or 50s have pollinosis. So 55% is not so high compared with the general population with
allergic history. So daily washing with this hydrolyzed wheat protein contained in the soap may enhance
percutaneous and through mucous membrane absorption of the antigens and sensitize. You know, class | food
allergy and class 11 food allergy and then new percutaneous or through mucous membrane sensitization with
food, and then, systemic wheat allergy occurred.

In conclusion, repeated contact with HWP in the soap induced sensitization through skin,
eyelids and nasal mucosa followed by severe immediate reactions after having wheat proteins. According to
the prognosis of this Glupearl 19S sensitized immediate wheat allergy, time course change of specific IgEs
showed tendency of decreasing. So mean 50 percent decrease is 5.1 months. And another study, remission
rate of patients with wheat allergies since the hydrolyzed wheat allergy in facial soap shown by Hiroshima
University, Makiko Hiragun, shows data -- remission means patients have shown no symptoms for more than
three months without any restrictions and negative in HRPT -- medium duration -- 60.6 months, so five years.
But maybe in almost 95 percent of the patients really decrease and subside this allergy, but five percent patients
have problem -- do not decrease the antibody or clinical manifestation. 1 havetime? So I'll go move to recent
information about antigen analysis of hypersensitivity to Glupearl 19S. Most of the patients sera have specific
antigens against the glutenins, Hiragun reported and the -- you know, with antigen proteins, soluble and
insoluble and now, this is a -- we are looking for gamma-gliadin and low molecular weight glutenins
nowadays. We have done the western blot analysis in the Glupearl 19S wheat allergy patient. This is a figure
and this is a specific part of Glupearl 19S, and conventional WDEIA with the five omega-gliadin in the
exercise induced anaphylaxis patient -- they have no protein reaction here in this area here, okay? And this is
the healthy first patient, healthy volunteers, and the conventional wheat allergy patients. They do not react to
the Glupearl 19S at all.  Only patients react to Glupearl 19S -- very specific. You can see they're all

here -- positive, and this is the healthy, and conventional negative. And when we studied this, where the
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antigenicity comes up from the process of antigen -- antigenic products in Glupearl 19S, this hydrolyzed wheat
protein manufacturing process -- raw gluten and immediately after the addition of HCL and heating of solution,
first 40 degrees, and then 50 degrees, pH 0.7, and 95 degrees Centigrade, pH 1.06. This is the four. Youcan
see that the antigenicity comes out from number four to eight, and this is a Glupearl 19S. This is a western blot
and you can see this is number four, and very smear broad stain, and we isolated responsible proteins by
analysis, by a size exclusion chromatography -- identical peak of antigenicity, fraction A. This is maybe -- we
think this is a part of antigenicity fraction, okay? And low molecular glutenin is proposed to be a most
nominated major allergen we think. This is protein producing process, zero to four, five, six, seven, eight,
Glupearl 19 and you can see this is low molecular weight glutenin, is increasing. High molecular glutenin is
decreased by acid addition, and according to antigenicity, low molecular weight glutenins, gamma-gliadins
increase. And deamidation advances acid as heat treatment continues, so the deamidation ratio of each protein
fraction was measured by LC/MS. You can see zero to three, four, five -- acid and heat treatment increases
deamidation ratio.

Finally, I would show -- you don't like animal tests. You don't do animal tests, but in Japan,
we can do. We have done animal tests. It's all very important data. One animal test is, immediate type
allergy test using guinea pig. This isan immediate type allergy test. Guinea pig Hartley strain, 4-5 weeks old
and test sample, Glupearl 19S and gluten from wheat. Okay? The sensitization method intradermal
sensitization to enhance sensitivity and topical applications sensitization to estimate actual use, and flank area
was shaved and razored. The solutions were applied, and sensitization number six -- total exposure about 2.5
milligram per animal. And dorsal area was shaved and razored 2 x 3 centimeter, open 0.5 milliliter of these
test samples were applied. Okay?

So initial method, P -- passive cutaneous anaphylaxis test -- intradermal applied 0.1 milliliter
serum from sensitized animal into recipient animals -- passive sensitization overnight, and inject one to one
mixture, 0.01 percent of test sample and Evans blue dye into dorsal venous vessle of recipient
animals -- challenge -- serum from sensitized animals and test samples and Evans blue. We see the antigen

binding to IgE. So results of PCA test --Glupearl 19S sensitization method, okay? The Glupearl 19S was
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positive in intradermal and topical application sensitization methods. And gluten from wheat was also
positive in intradermal and topical application sensitization method. And we can see that series dilution of the
Glupearl 19S had higher serum titers than gluten from wheat in both methods. So Glupearl 19S is a stronger
sensitizer than gluten.

This is an acid hydrolyzed gluten from wheat. | talked before -- zero to 24 hours, then
molecular weight decreases, okay? You can see the -- this positive reaction, GluPearl 19S to 5,000 dilution,
but gluten to 100, and acid treatment from — zero hour -- gluten, very likely to gluten, the final positive dilution
was 1,000. And 0.5 hour the final positive dilution -- it's a very similar, at Glupearl 19S, was 2,000. And at
nine hours, still 1,000. So nine hours -- a treatment for nine hours -- secondly, it'sat 2,000. So sample treated
for 0.5 hour has weaker sensitization potential than Glupearl 19S, but stronger potential than samples treated
for zero hours -- starting hour. Sample treated for 0.5 hour and nine hour has equal potential. And
cross-reactivity assessment in PCA test was done. And serum from animals sensitized by Glupearl 19S partly
cross reacted with gluten from wheat. And one more mouse model of food allergy with percutaneous
sensitization, followed by intake of food -- it's a new one -- and this is -- | cannot explain, maybe time is up, so
we -- this Professor Hiroyuki Tanaka, (inaudible) Pharmacology, Department (inaudible) Molecules, Gifu
Pharmaceutical University, have made this new method -- very good model, but we have to apply Glupearl 19S
repeatedly. You can see, this is serum IgE -- once, twice, percutaneous sensitization was done, and then
gradually, IgE increases. And in five weeks, peak comes. This is the same with Teshima, Dr. Teshima's
data.

DR. BELSITO: Was this application under occlusion?

DR. MATSUNAGA: Under occlusion, yes.

DR. BELSITO: For twenty-four, like --

DR. MATSUNAGA: 0.5 percent SDS solution.

DR. BELSITO: Repeated application, or just once a week? That's zero, three, ten days?

DR. MATSUNAGA: No, once a week -- no, this is a -- once a week, yes. And then, a

challenge of wheat -- this slide demonstrates the percutaneous sensitization with Glupearl 19S, the oral
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challenge with gluten and aspirin. Challenge this needed aspirin and gluten induces anaphylactic response.
And the third study, you can see that manufacturing process for Glupearl 19S, as | explained before -- one, two,
four and eight. And that antigens -- you can see, this is four -- cycle one is four -- the antigenicity comes out
first, and the five, six, seven eight goes up, but this one is a no reactive response, okay? So you can see
antibody here -- here, so number four to eight had sensitizing potency. So acid degradation by HCL and 100
degrees or 95 degrees degraded -- these findings suggest that the gluten is degraded and has high antigenicity
by acidification and hydrolysis with heat. In conclusion, these findings demonstrate that the percutaneous
sensitization with Glupearl 19S and oral challenge with gluten and aspirin induces anaphylactic response and
these findings suggest that the protein has high antigenicity by acidification and hydrolysis with heat during
Glupearl 19S manufacturing process. And this model, mouse model is useful not only to elucidate the
underlying mechanism of the food allergy caused by percutaneous sensitization, but also to evaluate
antigenicity of various cosmetic components. But you cannot do animal tests, | know. Well, now we are
performing the genetics study on the hydrolyzed wheat protein, sensitized immediate allergy patients in Japan.
I'll be grateful if we can report original meaningful data to you all, Expert Panel of CIR, in the future. Thank
you very much for your attention.

DR. BOYER: We do have a little bit of time, if you would like to ask a few questions, if we
have any at this point. Otherwise, Dr. Matsunaga will be at each of the team meetings.

DR. HILL: This may require a translation. Did you get some sense for how long
somebody would be need to be using this soap regularly on their face before they started to see reaction to
food? | heard you say -- | just wanted to be clear.

DR. MATSUNAGA: For the shortest cases, it took only two weeks, and for the median
31.5 months, longest, three years (7.7 years).

DR. BELSITO: And did you do any studies on these individuals who were sensitized to the
Glupearl and test them to hydrolyzed wheat proteins of 30 kilodaltons or less and see that they did not react to
them?

DR. MATSUNAGA: So | am showing you the slide to show three groups of the degrading
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the Glupearl 19S protein, so those three groups are less than 3,000 daltons in that view, and between 3,000 and
10,000 and more than 10,000. Further cases of less than 3,000, although there might be deamidation
happening, there was no reaction, even though they were sensitized.

DR. LIEBLER: Do you have measurements of the deamidation for those Glupearl
fractions, quantitative measurements of deamidation?

DR. MATSUNAGA: | would like to ask Mr. Nakamura to answer that. He is an expert in
proteinomics.

DR. NAKAMURA: It shows the measurement of deamidation when, during the
manufacturing processes, from the gluten, to Glupearl 19S. So this shows the tendency of the deamidation, of
the four proteins that are included in Glupearl 19S. So this shows the ratio of deamidation, and doesn't
matter -- no matter what kind of a protein, they all have -- they all show 50 percent of the deamidation,
meaning, it is not depending on the kind of proteins.

DR. LIEBLER: Thank you. We'll look forward to discussing in a little more detail when
we meet in the team meetings. Thank you.

DR. BOYER: Thank you very much Dr. Matsunaga, and we'll turn it back over to Lillian
and to Wilma.

DR. BERGFIELD: | would assume that all of these presentations will be recorded in the
part of the document in the discussions today. We are now at about 10:20. Unless there are any other
announcements, we'll take a small break and then assume our team meetings. And it's my understanding that
Belsito team stays here? No, Marks team stays here. All right. Thank you very much. All right, break
time.

(Recess)
Marks Team Discussion — Monday, 17 March

DR. MARKS: First of all, | would thank the presenters on the hydrolyzed wheat protein
allergy. Both presentations were excellent and | think increase our understanding. And for the Marks team,

this is very timely, because some of us have short memories, so starting right off the bat with hydrolyzed wheat
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protein is good. You got that joke, Ron. Okay. So, we're looking at the draft final safety assessment of
hydrolyzed wheat protein and hydrolyzed wheat gluten. 1 now understand what the difference between
hydrolyzed wheat protein is, and gluten, or wheat protein and gluten, so that was helpful in the
presentation -- the first one.

As you recall, and it was just mentioned, the conclusion of this draft final safety assessment
was safe for cosmetics when formulated to minimize peptide lengths greater than 30 amino acids, and we heard
that approximates a molecular weight of 3,000 daltons which both presenters indicated was safe. Additionally
these ingredients should not be used on damaged skin, or in products that may come in contact with mucous
membranes, or maybe incidentally inhaled, and there was some question raised by the first presenter, on
whether or not these restrictions had needed to occur in the conclusion.

Since our last meeting, in consideration of these -- the Council's request that the wheat
protein and wheat germ protein report be reopened, and there was some discussion in the memo as to why the
CIR staff disagreed with the Council and stick with, as we've done with this draft final report, just with the
hydrolyzed wheat protein and hydrolyzed wheat gluten. So Tom and Ron -- I'll ask you to weigh in at this
point in terms of the previous conclusion and also whether we should expand the safety assessment and reopen
wheat protein and wheat germ protein and combine with this report.

DR. SHANK: | have a problem with the conclusion that we came to using the cutoff of 30
amino acids. | don't see where that comes from in our report. There's nothing in the report that shows the 30
amino acids as a cutoff. There is a French study that shows 31 kilo daltons is the cutoff. Thirty amino acids
would be about four and a half kilo daltons. So I don't know where the 30 amino acids comes from, and I think
we shouldn't talk about amino acid number, but we should talk about molecular weight.

DR. BOYER: It actually comes from the -- it's a theory or a hypothesis, that you need at
least 15 amino acids to have a sufficient number to bind for IgE. And if you need two of those to cross link the
receptors, then together with the spacer that Dr. Matsunaga mentioned, that the amino acid, in order to have any
activity -- immunological activity -- needs to be at least 30 amino acids long. It's based on that reasoning.

DR. HILL: Yes, she said eight to ten, instead of 15, so she said eight to ten, eight to ten and
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1,000 dalton spacer, which would be seven amino acids -- if we use 126 as an average amino acid molecular
weight. So I don't know if 30 is sufficient or not, but | remember we had references that said 30. If I do eight
on one end, eight on the other end, and seven in between, that's still pretty close to 30.

DR. MARKS: s it Dr. Chahal?

DR. CHAHAL: Correct.

DR. MARKS: From a manufacturer's point of view, if we were to give guidance in the
conclusion, does it matter whether we use -- | think you endorsed the conclusion of 30 amino acids, which you
also said equals approximately 30, or 3,000 daltons. Does it matter in the conclusion to you, as an ingredient
supplier, whether the panel would specifically say 30 amino acid units, as it presently does, or should we switch
to molecular weight of 3,000 -- it should not be greater than the molecular weight of 3,000 daltons?

DR. CHAHAL.: I think it would be easier for manufacturers to measure molecular weight
than for them to identify an actual peptide sequences length. For wheat proteins, the -- if you look at the
amino acid profile of wheat -- 30 amino acids will give you a molecular weight in fact, of 3,570, to be exact,
based on the profile of amino acids. It's an average, molecular weights, and I think the current guidelines
suggest that it should minimize to 30, rather than be actual 30. | think that's probably a sensible thing as well.

DR. MARKS: So with that in mind then, Ron, Ron and Tom -- particularly Ron Shank,
since you made the suggestion, you would like to change the conclusion to use molecular weight as the limit,
and that would be 3,000, rather than peptide length. Okay?

DR. HILL: Well that goes back to the question that I asked -- I'm going to say your name
wrong if | say it -- Chalal?

DR. CHAHAL: Chahal.

DR. HILL: Okay. I asked him after the presentation, which was, how well can we
measure, and we say minimum, but I think we're leaving that up to the manufacturers, with the conclusion as
written.  I'm just concerned to make sure that there is a good way to measure that shoulder we were talking
about -- enough that we can bring it below and we don't have science to tell us what would be the threshold of

that kind of sensitization response, so maybe experience will tell.
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MR. NAKAMURA: It would be very difficult to measure the size of the molecule. If you
want to do that, then you will have to use math. It means -- my question is, whether all the manufacturers can
do that. | doubt it.

DR. SHANK: Would it be any easier to measure 30 amino acids, as opposed to 4,000
daltons?

DR. ANSELL: It should be molecular weight.

DR. SHANK: Right. I think so too.

DR. ANSELL: And not the sequent number in the sequence.

DR. SHANK: Molecular weight might be easier.

MR. NAKAMURA: Yes.

DR. HILL: Well I think what he's saying is that there are probably don't have the advanced
mass spectro capability to be able to do this well, but maybe that's an opportunity for some contract labs to get
in the game. I'm always good with paying more money for science and less money for certain other things.

DR. MARKS: | don't think our concern is whether they can --

DR. HILL: I know.

DR. MARKS: Scientifically if it can be done, and then that's where we're at, and so, the key
here to me, was, which is the better metric to use to put a limit -- whether it's molecular weight or amino acid
peptide length. We've heard that molecular weight would be a better one, and even though it will occur
obviously within the discussion, that the molecular weight is an approximation. How about --

DR. BERGFIELD: May I ask a question?

DR. MARKS: Sure, Wilma.

DR. BERGFIELD: If you deal with a molecular weight restriction or quantification, does
that get rid of the need to say anything about the deamidation or the acid hydrolysis versus enzyme versus
alkaline?

DR. HILL: For me, I was struck by, | mean it took quite a bit of science in order to run

down what the source of the sensitization was in this particular case. Because the message is, that | get is -- we
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can have peptides in there, well above 30,000. One hundred thousand, we still won't have the problem if we
didn't -- in this particular case, with this particular protein -- if we didn't see the deamidation that occurred
because of acid hydrolysis. And so, I'm thinking about this in terms of going forward, with other proteins that
we reviewed, that maybe 3,000 is a general thing -- we won't get this type of sensitization, but then for a
manufacturer who wants to market, 100,000 -- those kinds of products and what do they need to do with other
proteins besides wheat. | mean that, to me, seems like going forward -- if we aren't below 3,000, we will be on
a protein by protein basis, will we not? And that's not the question on the table today, but I'm just putting that
out there.

MS. BURNETT: It's a good question to pose, because you will be seeing the remaining
hydrolyzed proteins in June, so keep it in mind.

DR. MARKS: So Ron specifically, would you -- Ron Shank -- that says safe for use in
cosmetics when formulated to -- do you want to use that same wording? Minimize molecular weight? How
would you work it?

DR. SHANK: | would base it strictly on molecular weight.

DR. MARKS: Um-hm.

DR. SHANK: 1 still haven't resolved in my own thinking -- certain tests show that 30,000
kilo daltons can be -- give non-allergic response. We have those data, both from your studies, and from some
studies in France. And I'm just not enough of a protein chemist immunologist to handle that, but we do have
those studies, and we're not discussing that and that bothers me. 1 don't see the need for limiting exposure to
prevent damage -- or not on damaged skin, not on mucosa -- if it's not allergenic, it's not allergenic and | don't
think it makes a difference if it's on damaged skin.

DR. MARKS: Could you answer my next question? | wanted to --

DR. BERGFIELD: Can I ask a question before you go on? It seems that the two
presentations -- there was a difference in the Professor's presentation, and because you recommended not to be
applied to damaged skin.

DR. MATSUNAGA: Yes, | say no.
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DR. BERGFIELD: No, yes, yes, | heard that.

DR. MARKS: But was that specifically with the soap that contained the allergenic
hydrolyzed protein, wheat protein -- the Glupearl 19S? Is that also, from your point of view, you would do
with any hydrolyzed wheat protein, if we limit the molecular weight to 3,000 or below, would you still have
concerns about exposure?

DR. MATSUNAGA: I think to elicit allergic reaction, the molecular weight of 3,000 dalton
meets -- necessary.

DR. MARKS: Correct, so if we limit the hydrolyzed wheat protein to less than or equal
3,000, in your estimation, does it matter how an individual is exposed? Do we need to limit exposure, whether
it's mucous membrane, inhalation, or whatever?

DR. MATSUNAGA: It'shard. Ithink -- molecular weight doesn't matter as far as there is
no other irritancy, or no other damage or harm, such as irritancy.

DR. MARKS: And the other -- so I think we've arrived at basically, the conclusion will
be -- safe is less than 3,000 molecular weight. How about the proposal by the Council, addressing reopening
wheat protein and wheat germ protein including in this, so this would be a whole different -- that's been
reviewed before. Do you want to do that, or do we want to deal with the hydrolyzed as a separate report as we
have right now? Did I understand that -- the memo, Christina -- what the Council's proposing -- the CIR staff
have felt we should not reopen those and --

DR. SHANK: We already have a document on wheat protein.

DR. MARKS: Right.

DR. SHANK: So I don't know how you would -- why you would put that in. 1f you want
to reopen the wheat protein document, that would be a different story.

DR. MARKS: Right.

DR. SHANK: But I would not put in the whole proteins, into this report.

DR. ANSELL: We think that that could probably be handled in a discussion, that trying to,

in fact -- a number of these things that we've just discussed, | think, should be carried into the discussion, but
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we have -- safe as used for whole protein, yet we're limiting the size of the protein here. There should be some
clarification as to how those two conclusions make sense.

DR. HILL: But her presentation made very clear how those -- that makes sense because
what she showed was, if you don't do hydrolysis in such a way that you end up deamidating everything it
remains safe. So two very different regimes, which is why | think mixing such apples and oranges would be a
very bad idea.

DR. ANSELL: I'msorry, | think --

DR. HILL: Her presentation made clear that --

DR. ANSELL: No, no -- I understood her presentation, but I'm not sure that everyone as
clever as you, would realize how the whole proteins are safe and so we just --

DR. HILL: I'm not suggesting it should not be in the discussion. It should be in the
discussion but just reopen to mix those in with this report, I think would be a very bad approach.

DR. ANSELL: We think that handling it in the discussion is just fine too.

DR. HILL: Okay, then --

DR. BERGFIELD: Well, if you handle it in the discussion, do you not have to reference
that particular document and talk about it somewhere other than just the discussion?

DR. MARKS: No, the previous document says it's safe.

DR. BERGFIELD: | know.

DR. MARKS: Now we're just saying in this document, since the issue has arisen with Type
| allergy, why that previous document -- we can say why it's safe. We don't need to reopen it.

DR. BERGFIELD: You usually don't reference a discussion, that's my point. You need a
reference in the document to that.

MS. BURNETT: There is a very brief reference to the wheat.

DR. BERGFIELD: So you could enlarge that to --

MS. BURNETT: Inthe introduction, we just say that the wheat gluten report has been -- the

ingredient was reviewed and found as safe, and the discussion --
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DR. BERGFIELD: You don't usually reference an introduction either though. I'm just
trying to think where the reference could be best put, where there'd be a little discussion, a couple sentences.

MS. BURNETT: Well we can put references in the introduction, so that --

DR. BERGFIELD: Can you?

MS. BURNETT: Yes, it's the discussion and conclusion.

DR. BERGFIELD: Okay.

DR. MARKS: Okay, so --

MS. BURNETT: We'll find a way around it.

DR. BERGFIELD: Okay.

DR. MARKS: So let's move forward with this, | think. Again, thank you for your
presentations. Tomorrow I think I will be seconding a motion with a conclusion, safe with a molecular weight
of less than or equal to 3,000. | guess the last part is -- this would continue to go out as a draft final summary
because the conclusion has changed significantly and I guess, in my mind -- I don't know that we can move to
afinal. Ithink we had some points that were brought up this morning that need to be put in the discussion
summary -- more data. So | would propose that it continue as a draft final.

DR. GILL: I would just add that I think this is a less restrictive conclusion, so would you
need to see it again in a draft form?

DR. SHANK: Is it not a good idea to let industry respond -- that we have changed how the
cutoff is defined? You know, if they say we can't do that, then we need to hear it?

DR. ANSELL: We are also suggesting there be a more robust discussion of the chemistry,
since the molecular weight limit is so dependent on the analytical methodology, that there should be some
discussion that in your lab you may, to meet that 3,000, you may actually have a 2,000 cutoff, so there should
be some discussion of that and | suspect we would very much like to have a chance to review that again.

DR. GILL: So to clarify -- you'd like to see more discussion of how you -- how a lab might
reach that 3,000 cutoff.

DR. ANSELL: I'm not sure so much recommendations as to the methodology, but at least a
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discussion that the number is very method dependent, and so that 3,000 we're talking about is dependent on the
specific methods. Other methods may get different numbers and that should be thought of.

DR. MARKS: So team members, what do you feel? Do you want to move -- and Rachel |
might ask you also. Do you think it would be worthwhile delaying so that we can look at the whole report one
more time, before we rule on the final safety assessment, or is this a minor enough "change in the conclusion”
that we could just move forward? Tom?

DR. SLAGA: Well I think since we're in the end in the lock of the discussion, | think we
should see that before that goes in.

DR. WEINTRAUB: | agree. | think there should be another opportunity to review. And
one thing that | think we likely covered but | don't think we specifically articulated and that I think should be
added in that discussion, is just the idea of the acid hydrolysis. Because it seems that both presentations really
focused on that as the mechanism of the allergen. So in addition to looking at the weight as opposed to the
number of molecules, that seems like it's another important addition.

DR. MARKS: See, what I -- and maybe you can comment -- it seemed like it was the
combination of acid and heat resulted in deamidation and | guess the question -- this doesn't affect this report,
but is Glupearl 19S still available worldwide, or has it been discontinued?

DR. CHAHAL: | believe it has been discontinued.

DR. MATSUNAGA: Glupearl 19S was produced in and sold in Japan, only Japan, and
now -- they used to sell Glupearl 9000 like for food additives, and also, then after food additives, they -- those
were very safe, so they made cosmetic grade Glupearl 19S, and then all food and cosmetic Glupearls, right
now -- not for sale, so --

DR. CHAHAL: Just a point on the acid hydrolysis. You need the acid deamidation but
high molecular weight as well. If you continue to break it down with acid, you will lose that.

DR. BERGFIELD: Could you speak louder, | can't hear you.

DR. CHAHAL: Sorry, in terms of acid hydrolysis -- you need the acid deamidation and

high molecular weight. Once you start to break it down, even if it's deamidated, in below 3,000 daltons, you
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don't get any sensitization.

DR. BERGFIELD: So if -- excuse me -- if you say that, is there a way of saying that in a
text? That complete acid hydrolysis would be preferred?

DR. CHAHAL.: I think the molecular weight answers the question.

DR. BERGFIELD: Would be less allergenic and lower molecular weight.

DR. CHAHAL: Just below 3,000, 3,500, would be sufficient.

DR. BERGFIELD: Okay.

DR. HILL: Not only less allergenic -- not allergenic, provided we don't get a shoulder on
the size distribution.

DR. BERGFIELD: So it's partial versus complete.

DR. CHAHAL: Yes.

DR. BERGFIELD: Okay.

DR. MARKS: Okay, so I think we can move forward again. Thank you for your sage
input. Tomorrow, presumably I'll be seconding another draft final safety assessment, with conclusion safe
less than or equal to 3,000 molecular weight. They'll be no restrictions in exposure in the conclusion we
would propose. Any other comments Panel Members? Anybody else, any comments? If not, | -- yes.

Okay. Thank you very much.

Belsito Team Discussion — Monday, 17 March

DR. BELSITO: So the hydrolyzed wheat protein team has arrived, so we've been instructed
to move to that, which is under hydrolyzed wheat protein. So at the September meeting we concluded that the
hydrolyzed wheat gluten and hydrolyzed wheat protein are safe for use in cosmetics when formulated to
minimize peptide lengths greater than 30 amino acids, and we heard this morning that we're pretty prescient to
doing that. But we were also told that perhaps we should not look at restricting these products to damaged

skin or products that could come into contact with mucous membranes or being incidentally inhaled, which
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will probably be the major focus of our discussion. And we did recognize that if we continued with that
restriction -- damaged skin, mucous membranes, and inhalation -- that we would essentially eliminate 100
currently registered products.

And we really wanted to hear a little bit more about what was happening in Japan and how
these products were manufactured and allergenicity of the various products, and | would like to thank both of
our speakers. | think they did a wonderful job in bringing us up to speed at what the issues were in Japan and
what the issues are with deamidation and the different types of reactions.

And I guess my major comment is to go back to the handbook, and this is a continuing issue
that the INCI names don't tell us a lot about the product. It's going to come up with other products that we're
looking at today. And I think the International Nomenclature has to work on getting names that are specific to
specific products rather than to broad categories because, quite honestly, I think it's almost a little embarrassing
that the same name can be applied across a variety of different ingredients that can cause different toxicologic
endpoints. But that's just -- yes?

DR. BRESLAWEC: Dr. Belsito, | want to say that the industry agrees and tomorrow the
editor of the INCI Dictionary will be here and will be available to answer questions and also discuss some
initiatives that we've introduced over the past year or so to update how nomenclature is assigned to make it
more detailed. We have, for example, taken a category of prostaglandin-like ingredients and totally changed
how they are named. We have done the same thing for certain proteins, polypeptides.

DR. EISENMANN: You will see that they have retired the general term and are working
towards a more specific name.

DR. BRESLAWEC: What we are trying to do and are doing, in fact, is trying to be more
current in how the names are assigned and more descriptive and this, perhaps, is one category where a change
would be required.

DR. BELSITO: So I guess before we start giving any opinions, are there any other
questions or issues with the presentation that any of you feel need to be clarified? | think, Dan, you had some

ongoing questions that weren't quite answered?
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DR. LIEBLER: My only question was about the assessment of the deamidation fraction.
In one slide the deamidation fraction was portrayed as a percentage, and | assume that is some type of
measurement across the entire protein preparation. Is that a measurement of the -- well, how is that
measurement obtained, the deamidation fraction?

MR. NAKAMURA: (Interpreter) Well, you use a measurement, you reach the acid. And
using the genome database and it said it will include the acid in your search. Then you come up with the ratio.

DR. LIEBLER: So that provides -- I'm very familiar with that method and that provides
identification, but | do not understand how it provides quantitation.

MR. NAKAMURA: (Interpreter) So you think the frequency of the peptide then you are
going to be approximate.

DR. LIEBLER: Spectral count?

DR. NAKAMURA: (Interpreter) Spectral count.

DR. LIEBLER: Okay, I understand. Thank you.

DR. BELSITO: So can you interpret that for me, Dan?

DR. LIEBLER: So the question I had was how is the percentage of the deamidation
reactions estimated? The deamidation reactions are conversions of glutamine to glutamate and asparagine to
aspartate. So when the mass spec analyzes this mixture of peptides that's produced from the proteins, the mass
spec samples the peptides that are present in the digest and records fragmentation spectra, so-called MS/MS
spectra. These are then searched against a database to identify which peptides contain the unchanged
glutamine and asparagine sequences and which ones contain the deamidated sequences. And so that provides
identification of the different kinds of peptides in the sample. And my question was how do you go to the step
of quantitative comparisons? And it turns out that when the mass spec samples a complex mixture, it is more
likely to obtain multiple spectra, fingerprints, of peptides that appear in higher and higher abundance. So we
refer to the term "spectral counting™ to reflect that sampling phenomenon and it's a very well accepted
quantitative, | guess at least rough quantitative, measure in proteomic analysis. And it's okay, | think, for the

purposes of the presentation that we have. There's actually a lot of information that's potentially useful in your
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datasets.

So I'm satisfied that | understand how the measurements were done. | think it's a reasonable
approach. It could be done even more precisely with some other methods, but this is still pretty good.

DR. BELSITO: Okay.

DR. SNYDER: So I think the methods of manufacturing impurities have to be -- are we
considering the deamidation products as impurities now? I'm posing this somewhat as a question.

DR. CHAHAL: Deamidation shouldn't be considered as impurities or of any concern as
long as they're hydrolyzed to below the limits that you've set.

DR. SNYDER: | guess that goes to the method of manufacturing. So what data do we
have or that we know because | would assume that's part of the discussion that we want to say is that our
understanding is that these will be limited. But part of the problem is that it's not -- in people who are severely
allergic and particularly when you're talking about anaphylaxis, which is often a life- threatening consequence,
even a very small concentration in a highly sensitized individual can be a serious consequence. So we're not
talking about just developing a skin reaction here. We're talking about a very serious consequence here, so |
think we have to be very clear of what we --

DR. BELSITO: Let me clarify what I heard you say, and you can tell me if this is true, that
if you're getting down to fractions that are less than 30 amino acids, the deamidation products there will
probably be some in that fraction, but it will not be of concern. It will not trigger the Ig immediate response
because it can't cross- link. It's not long enough to cross-link the receptors.

DR. SNYDER: That's making some false assumptions because certainly those could
cross-link with native proteins in the skin and serve as a size so it can cross- link.  So that's not out of the realm
of possibilities. 1 asked Dan a couple of questions during the thing because the relationship between
molecular weight and the deamidation issue, are we falsely thinking that by using a size -- because one of the
ways that you can hydrolyze these things is a protease and there's proteases in the skin, right? And so can they
potentially be further hydrolyzed through dermal exposure?

DR. BELSITO: But if they are, though, we'd go to a smaller molecule, which would be
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even less of a risk, would they not?

DR. CHAHAL: Yes. On the face of that, we've generated and suggested that if you take
those short peptides and even deamidate it and use individuals that have that very same sensitization and
nonconventional, there's no reaction. So you are following the fact of minimizing the size, removing a
potential based on the data that was presented this morning.

DR. SNYDER: And then the only other comment | had was if we could get the data that
was presented in the slide, talking about the 19S in which they clearly showed in patients that were sensitized,
that if you had the 3,000 limit -- that was very solid data -- if we could have that data to put into the document
because | think that's a well- recognized highly sensitive reaction to a hydrolyzed wheat protein that's very well
studied and that gave me a great deal of confidence on the 3,000 because less than that --

DR. BELSITO: In getting rid of the mucous damage, et cetera. | agree.

DR. SNYDER: That to me was really compelling data for the size of anything we saw.

DR. LIEBLER: So I have a couple of additional --

DR. BELSITO: Well, wait a minute. We haven't heard the response from the Japanese.
Are we going to be able to get that specific data?

DR. BRESLAWEC: 1 think it's published, is it not?

DR. BELSITO: The data that we saw where the people who were sensitized to the Glupearl
19S when they looked at the different levels of response to different sized protein.

DR. SNYDER: There wasn't a reference on the slide.

DR. MASUNAGA: | will ask.

DR. SNYDER: There wasn't a reference on the slide.

DR. MASUNAGA: He's the writer.

DR. BELSITO: Okay, | would agree with you. I think it's critical that we have that data
for support. But I think lan Kimber is right on as well. 1f you don't have a molecule that's large enough to
cross-link and elicit a reaction, then typically it takes higher levels to induce reactions than to elicit reactions.

So even with damaged skin at the same concentration, assuming you're getting more in. And we saw that.
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That's really not the case because people are getting sensitized through skin-only contact. So granted at higher
levels, but I think --

DR. SNYDER: And quite long exposures.

DR.BELSITO: Right. We can finesse it with discussion, but that would just nail the point
very solidly that here we have data specifically showing that in sensitized individuals when exposed to these
hydrolyzed wheat proteins of less than 30 amino acids, there was no reactivity. And then we can explain that
observation based upon the types of arguments that lan Kimber is making.

DR. BRESLAWEC: Do you have copies of the whole presentation?

DR. MASUNAGA: | have to have the agreement with my members, colleagues, so right
now | cannot say yes. But | can send you when | get the okay.

DR. BRESLAWEC: Okay. We will strive to provide copies of the entire presentation as
soon as possible.

DR. BELSITO: Just one final comment. Dr. Matsunaga, if this paper -- I mean this is
obviously a very important point that we need to get across to industry so we do not have these issues in the
U.S. -- could your colleague at least give us a written statement of a summary of his results?

DR. MASUNAGA: Okay, tomorrow you are going to have the meeting, yes?

DR. BELSITO: Yes.

DR. MASUNAGA: So | will email to you today. | hope | make it okay.

DR. BELSITO: I'msorry, Curt.

DR. KLAASSEN: | have a very general question and that is as most of us know, peanuts
are very allergenic to some people. Have similar studies been done with peanut proteins and also showing that
30 amino acid is kind of the magical length? So, in essence, can we generalize this more than just in
relationship to wheat?

DR. BELSITO: Yes.

DR. CHAHAL: There's not a lot of data in the public domain with reference to if you take

any protein and you break it down at what level. There's some information out there. There's some
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information on milk proteins, for example, in food as you break them down further that you remove the
potential for allergenicity. | asked Professor Kimber that same question irrespective of the source of the
protein, and his response was similar; that if you break them down to below a certain level, the potential for
allergenicity is removed.

DR. KLAASSEN: Right.

DR. BELSITO: Dan?

DR. LIEBLER: So I have a couple of comments. One is that it's been interesting to see the
data on deamidation and the relationship between deamidation and the observed adverse effect. But we really
don't know if deamidation causes the effect because we haven't been able to separate deamidation from
hydrolysis peptide length, so it remains a correlative relationship. And I think deamidation is probably quite
prevalent in most hydrolyzed protein preparations even if it's not directly measured by the techniques that are
used to characterize commercial preparations. So | think we should be careful about any speculation about the
deamidation. If we discuss it at all, it could be mentioned as a possible factor, but not anything more than that.

Secondly, I think we have some confusion with the math on the molecular weights and the
peptide lengths.

DR. BELSITO: Page?

DR. LIEBLER: Well, we can look for it. We have been using 30 amino acids as being
3,000. Thatis I think mentioned several times. But 30 amino acids if you have an average molecular weight
of about 150 per amino acid residue minus 18. So I did that calculation. So a 30 amino acid peptide on
average is about 4,000 molecular weight.

DR. CHAHAL.: Justa clarification if I may? | did the calculation based on the amino acid
profile you'll find in a wheat protein with 18 amino acids, and it worked out to 3,570 so very close.

DR. LIEBLER: You're adjusting for the frequency of some amino acids versus others,
that's right. | didn't do that.

DR. CHAHAL: Yes, so in the same ballpark.

DR. BELSITO: So we're restricting it not based on weight. We're restricting it on amino



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

acid length.

DR. LIEBLER: Right.

DR. BELSITO: You're suggesting a weight restriction?

DR. LIEBLER: Well, a length restriction isn't actually that easy to measure. So the
parameter that can be measured by the methods that you mentioned in your presentation this morning or by
mass spectrometry are essentially mass measurements or surrogates for mass measurements. So | think mass
measurements that are under 3,500 is probably a safe approximation of 30 amino acids in length.

DR. BELSITO: So you wanted to say in the conclusion "less than 3,500 daltons."

DR. LIEBLER: Right. I think that would be more useful guidance to industry than --

DR. BELSITO: But we just heard from Dass -- is Dass your name? -- 3,570.

DR. CHAHAL: Approximate. It's never --

DR. BELSITO: Well, we don't want to put it to the point where a safe product then gets
knocked out of the ballpark because it's 3,502.

DR. LIEBLER: No, they won't ever come out like that because these are distributions of
molecules and it's going to be -- when you produce a product like this, hydrolysis, you're going to have a
distribution of peptide lengths. And what you really want to do is adjust for the mean and the dispersion.

DR. CHAHAL.: It's a weight average measurement.

DR. LIEBLER: Yeah. And you don't want the dispersion to be too broad, but you want
the mean to be -- you want the mean to be at least under 3,500. And if the top end is too broad, then a mean of
3,500 still doesn't help you because you still have a fair amount of longer material.

DR. BELSITO: So then how do we phrase that?

DR. LIEBLER: That's a good question.

DR. BELSITO: Amino 3,500 with a distribution no greater than --

DR. CHAHAL: I think your current guidelines suggest minimize anything greater than 30.

DR. LIEBLER: 1 think prescribing a dispersion number is probably outside of our purview,

but I will also say that I'm really surprised that mass spectrometry isn't routinely employed by a major supplier
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to make these measurements. | mean this is the 21st century now and that's what you guys should be doing.

DR. CHAHAL: It can be done and has been done and then you can correlate back that are
easier to use. And that's what we've kind of tried to do.

DR. LIEBLER: Actually, MALDI is easier than all of the things that you described. It's
not even more expensive after you count up -- anyway, off my soapbox. You would get better measurements
that would keep you out of trouble.

DR. BELSITO: So let me recap where we are at this point. We're relying on Dr.
Matsunaga to get permission from her colleagues to include the data showing that the smaller 3,000 dalton
fraction did not elicit a response in sensitized individuals. So we're getting rid of the damaged skin, mucous
membrane, aerosolized restriction, but we're also changing our conclusion for not amino acid length, but we're
changing it to a weight of 3,500 daltons or less with a minimum variation about that mean?

DR. LIEBLER: Well, minimize the composition or the fraction of peptides over 3,500
molecular weight. That probably is the best way to put it.

DR. KLAASSEN: We can basically just turn it around where we have approximately 30
amino acids behind it.

DR. SNYDER: So what are the data that we're using to support 30 amino acids?

DR. BELSITO: The fact that 30 amino acids doesn't cross-link IgE receptors and cause
hypersensitivity reactions. The data we have from the document that we got there before. That was the basis
for our decision to limit it to 30 amino acids.

So I'm just trying to put this together. So our conclusion with this hydrolyzed wheat protein
and wheat gluten is that they're "safe as used when the mean weight is 3,500 daltons or less and the ingredient
is formulated to minimize peptides of greater weight?" What are we saying here?

DR. LIEBLER: So I would say instead of talking about the mean or median, | would say
that "minimize the fraction of peptides of greater than 3,500 molecular weight."

DR. BELSITO: So "safe as used when the ingredient is formulized to minimize the

peptides of greater than 3,500 daltons in weight."
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DR. LIEBLER: That's fine.

DR. BELSITO: Paul, you had some problems in there?

DR. SNYDER: Well, minimize. Does that mean 20 percent, 30 percent? Do we need
to -- I think this is a life-threatening thing. | think we need to have some pretty rigid guidelines. | think if we
know that 3,500, | would prefer some stronger language, but I don't know what "minimize" means. Does it
mean less than 10 percent?

DR. BRESLAWEC: When you minimize to under 3,500 daltons, what does that mean for
you?

DR. CHAHAL: One of the slides I'm going to show you for some methods for
measurement, you said the polydispersity was fairly narrow and that's the weight averages with 3,000. What
you would find in the shoulder may be 4,000, 5,000, but you may be talking a few percent. But it's that
material that was tested.

DR. BELSITO: That material meaning the material that you're talking about was the
material that was tested by our Japanese guests?

DR. CHAHAL: No, it was material that we tested and analysis done.

DR. BELSITO: So perhaps it would be nice if we could see if there was further chemical
characterization on the 3,000 dalton peptide that was tested by --

DR. CHAHAL: We did the test --

DR. BELSITO: Oh, okay.

DR. SNYDER: 1 think we just want to have some data to ensure that the methodologies
currently used in practice do, in fact, limit the amount of material as a contaminant was greater than 3,500.

DR. BRESLAWEC: What you have said suggests to me that when you formulate an
ingredient, you formulate it so 95 percent or so is less than 3,500.

DR. CHAHAL: Yes, it also depends on the method you use to measure. We saw that as
well.

DR. SNYDER: The issue is methodology. So I just think that we want to give clear
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guidance and we want to give clear competence in what we're stating. That's just what we have to do. | think
those two methodologies has to be picked up a little bit into what we're saying, how we understand what is
happening actually in practice that's going into formulation.

DR. BELSITO: So I guess my question to you as | try to sort through what you're saying is
are we saying that this is still insufficient pending additional information on that methodology?

DR. SNYDER: | think that we saw presentations, but we didn't actually see data. | would
like to have a couple of examples of what the size distribution was of material that was actually used in
ingredients.

DR.BELSITO: So are you comfortable with going safe and seeing that data later or are you
wanting, since you're concerned about --

DR. SNYDER: I don't like the language minimized without any limit on minimize. 1don't
like that.

DR. MASUNAGA: Minimize? What you mean by minimize.

DR. BELSITO: So if we knew what the distribution was of the product that was used in Dr.
Nakamura's studies, we would have a better sense of where we wanted industry to have their cutoffs.

DR. SNYDER: So in the soap, the 19S, what percentage of that ingredient was above
3,500?

DR. BELSITO: All of it.

DR. SNYDER: It was all of it.

DR. BELSITO: It was huge.

DR. MASUNAGA: No, no, no. What did you say? 0.3, 0.3 ingredients.

DR. BELSITO: It was a large molecular weight, but the molecular weight of the
Glypure-19S is --

DR. MASUNAGA: Oh, average which is 50,000.

DR. BELSITO: 50,000, right. It's a very big molecule.

DR. LIEBLER: See, the Glupearl is -- this is the Glupearl tail wagging the hydrolyzed
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wheat dog here, is it not?

DR. BELSITO: Well, you're from Tennessee.

DR. LIEBLER: No, I mean all humor aside, this protein product, this preparation, is driving
the discussion here. And we have tried to rationalize the results based on molecular weight and perhaps
deamidation. It's quite possible that neither of those factors explain what happened; that there was something
else that happened with that soap and that protein preparation in those individuals.

DR. MASUNAGA: Actually in Japan, they are trying to make a regulation to regulate to
make it a standard that would be only up to 60 percent of the molecular weight of 10,000 or more. So to me,
3,000 is very small, but it is safe. It is very possible that they will be able to measure in Japan and that is one
factor. So I think there is a question whether you should put the 3,000 molecular weight first or to apply to
everything. And in Japan we might have more.

DR. LIEBLER: So I think being able to measure deamidation will be valuable, but I think
we will only be able to draw conclusions about deamidation if we actually do studies with chemically defined
deamidated peptides or proteins administered in the appropriate model systems to control for the difference
between deamidation and molecular weight. Those experiments I think have not been done yet.

DR. MASUNAGA: No.

DR. LIEBLER: Yes, I think this is a very interesting line of investigation, but it's too soon
for us to incorporate this into our recommendations. 1 think at best we can point to the potential role of
deamidation, the interplay of deamidation, molecular weight, and modification of critical epitopes.

DR. MASUNAGA: You can make a best document, but you cannot make complete
document | think.

DR. LIEBLER: That's right.

DR. BELSITO: Okay, any other points? Okay, getting back to my last question to you,
Paul, are you comfortable tomorrow with saying "safe as used when the ingredient is formulized to a mean
peptide weight of 3,500 daltons or less" Mean or median?

DR. MASUNAGA: No mean.
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DR. BELSITO: How do you want that phrased?

DR. KLAASSEN: | wouldn't say either.

DR. BELSITO: How exactly do you want that conclusion phrased going to weight? Or is
it better to go back to the 30 amino acid and let industry figure out what that weight would be?

DR. SNYDER: Do they have any animal data to support the distribution that will not elicit
in an animal model or any kind of test system that we can put some science behind? Because I think we
understand where the cutoff is, but | don't know --

DR. BRESLAWEC: What they're saying is the cutoff that they're looking at is 10,000.

DR. SNYDER: 10,000, | know.

DR. BRESLAWEC: So if we're looking at a 3,500 cutoff, then I think we have a little more
flexibility with what the term "minimize" means.

DR. SNYDER: Well, but we don't have the data to understand what they're basing the
10,000 on.

DR. BRESLAWEC: Well, I think Croda has --

DR. EISENMANN: Croda's the main supplier, so their data -- he says their tail is whatever
size it is, that's probably pretty good with industry.

DR. SNYDER: If we can have the data and put it into the methods of manufacturing in the
chemistry section, I'm fine. | think we just have to -- we need more data, robust data.

DR. CHAHAL.: It's terminology typically used, so measuring molecular weight is the
weight average.

DR. BELSITO: You need to speak up a little.

DR. CHAHAL: The terminology normally used for molecular weight measurement is
weight average molecular weight.

DR. BELSITO: Okay, so "safe as used when the ingredient is formulized to minimize
peptides of greater than 3,500 daltons weight average?"

DR. CHAHAL: That would be the correct terminology in molecular weight measurements.
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DR. BELSITO: So greater than 3,500 daltons as a mean molecular weight measurement?
How should we phrase that?

DR. BRESLAWEC: "Minimize to a weight average of 3,500 daltons."

DR. BELSITO: "To minimize to the peptides to a weight average of 3,500 daltons or less."”

DR. SNYDER: | like that a lot better than minimizing a negative.

DR. BELSITO: So "safe as used when the ingredient is formulated to minimize the
peptides to a weight average of 3,500 daltons or less."

DR. LIEBLER: How about instead of minimize, restrict because minimize doesn't mean
the same thing in that sentence anymore. It's the wrong word.

DR. BELSITO: "To restrict.” Okay, that's more restrictive. | like that.

DR. SNYDER: That was actually the word | was looking for.

DR. CHAHAL.: It will depend on the method of measurement to some extent as well.

DR. BELSITO: Right, we understand that.

DR. CHAHAL: And with a weight average of 3,500 you will have a shoulder.

DR. BELSITO: Yes, and we were hoping, as Paul suggested, you could provide us with a
little bit more analytical chemistry, showing us exactly the weight distribution of what your hydrolyzed wheat
protein with a weight average of 3,500 daltons would look like.

DR. LIEBLER: Right.

DR. CHAHAL: | can do that.

DR. BELSITO: Then my final question to you, Paul, is we got some promises out there.
Are you comfortable going with a safe as used tomorrow? Or are you saying it's insufficient pending receipt
of the data from Japan and from industry?

MS. BECKER: You also have the option of tabling it.

DR. BELSITO: I don't want to table it.

MS. BECKER: Or you can act on it the next time. Insufficient suggests that there's data

out there that you absolutely need.
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DR. BELSITO: I'm following it.

DR. SNYDER: And I would defer to Lillian. I can live with either or. I'm not going to
hold a document if | believe the data's there. | think both presentations were very well done, and | have a lot of
confidence in the science behind them. It's just that I'd like to see some of that actually brought in,
incorporated into the document.

DR. BELSITO: Okay, so then -- | don't even know if I'm doing this. | am doing this.

MS. BURNETT: | can give you the difference in terms of how it sets up. If you give
us -- if you say safe as, it goes out again for review as another tentative announcement. We'd have to have it
posted by next week for comment. If we don't the data and then tabling it, we could still bring it back in June,
but it won't go out for the public comment as of next Friday. That would be the difference time-wise for us in
how the document's presented.

DR. BELSITO: So I think that what I'm hearing from you, Paul, and Curt and Dan, if you're
in agreement with this, I'm going to go as a "safe as used when the ingredient is formulated to restrict the
peptides to a weight average of 3,500 daltons or less.” And that conclusion was based on the assumption that
we'd be getting some data from Japan that would come into the document, some data from industry that would
show us what a hydrolyzed wheat protein with a weight average of 3,500 daltons, what that dispersion around
that weight average is in terms of weights. Okay? Everyone's comfortable with that? Any comments?

DR. SNYDER: Just, Don, | want to make sure that we -- whatever weight you put in the
document you put a unit because there's a lot of them. We go between daltons and kilodaltons -- some with
daltons and some no units. So just because this is such a critical part of the document, we need to make sure
that we capture all those.

DR.BELSITO: Okay. Any other comments? If not, thank you so much. This has really
been very informative for us and has really answered a lot of our questions and concerns.

Okay, so save that puppy and go back to where we were. Maybe try to knock off one
ingredient before lunch? So the tocopherols, | mean | think they're doable in 15 minutes.

So at the December meeting we reopened the safety assessment on the -- oh, wait a minute.
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There is one more issue that we need to discuss that will probably chew up 15 minutes. It doesn't involve the
other hydrolyzed wheat protein and that was PCPC's request that we go back and review the wheat --

DR. EISENMANN: | was just a little concerned that you have no limit. So | don't know
that you have to open it because it's not an important ingredient to the industry. But it's just — to me that it's
something that's out there and | don't know that you want to deal with it or not.

DR. BELSITO: | didn't want to deal with it.

DR. EISENMANN: Okay, that's fine.

DR. BELSITO: So then let's go to tocopherols.

DR. SNYDER: | guess I didn't want to deal with it either.

DR. BELSITO: Did you?

DR. SNYDER: No.

DR. EISENMANN: Well, if it's not an important ingredient to the industry, so we can
just --

DR. BELSITO: Well, it was a good thought.

Full Panel Meeting - Tuesday, 18 March

DR. BERGFELD: Thank you. Moving on to the next ingredient, which is wheat protein,
Dr. Belsito presenting.

DR. BELSITO: Yes. This is the safety assessment of hydrolyzed wheat protein and
hydrolyzed gluten. And we very much appreciate the presentations that we had from Dr. Matsunaga
yesterday and also from the representative from Croda. Based on those, we felt that we could go with the safe
as used when the ingredient is formulated to restrict the peptides to a weight average of 3,500 daltons or less.
We would like to be able to incorporate the data that we saw that when you took sensitized individuals and
challenged them at that level they did not react, and Dr. Matsunaga was going to look into the availability of us
to have that data in the report. We also asked that Croda provide us with some specifications as to if the

weight average was 3,500 daltons, what would be the spectrum of other hydrolyzed wheat proteins. And |
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believe we have that information here which I will ask all of my panel members to see if they agree. But |
think it's a pretty narrow and safe range, particularly since we've heard that you could actually go up to weight
averages of 5,000. Was that correct with the Japanese -- 10,000 daltons?

So | would like to make that motion, safe as used when the ingredients formulated to restrict
the peptides to a weight average of 3,500 daltons or less. We chose weight because we were told it's very
hard -- it's a much easier measurement than to do amino acid numbers.

DR. MARKS: Second.

DR. BERGFELD: Any other discussion regarding the wheat protein?

Seeing none, | want to thank the presenters. You certainly helped us move to this
conclusion. All those in favor please indicate by raising your hands.

Thank you. Unanimous.

(Motion passed)
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ABSTRACT
The Cosmetic Ingredient Review (CIR) Expert Panel reviewed the product use, formulation and safety data on
hydrolyzed wheat protein and hydrolyzed wheat gluten, which function as skin and hair conditioning agents. The
Panel determined that data from clinical and laboratory studies was sufficient to demonstrate that these ingredients
will not elicit Type 1 immediate hypersensitivity reactions in sensitized individuals, and will not induce sensitization
when the polypeptide lengths of the hydrolysates do not exceed 30 amino acids. The Panel concluded that
hydrolyzed wheat gluten and hydrolyzed wheat protein are safe for use in cosmetics when formulated to restrict
peptides to a weight-average MW of 3500 Da or less.

INTRODUCTION
This safety assessment is of hydrolyzed wheat protein (HWP) and hydrolyzed wheat gluten (HWG), which
are each mixtures of amino acids and peptides of varying lengths derived from wheat sources. These ingredients
function as skin and hair conditioning agents in personal care products. The CIR Expert Panel (Panel) previously
reviewed the safety of a-amino acids, animal- and plant-derived amino acids, hydrolyzed collagen, hydrolyzed corn
protein, alng Triticum Vulgare (wheat) gluten and concluded that these ingredients are safe for use in cosmetic
products.™

CHEMISTRY

The ingredients in this group are interrelated because they each are prepared from wheat proteins by partial
hydrolysis to yield cosmetically acceptable raw materials. The definitions of these ingredients are presented in
Table 1. Wheat gluten typically represents about 85% of wheat protein, and consists of the water-insoluble fraction
of wheat proteins, including gliadins and glutenins.® The remaining 15% of wheat proteins consists of water-
soluble, non-gluten proteins, including albumins and globulins.

These protein derivatives are prepared by subjecting wheat proteins to enzymatic (e.g., papain hydrolysis)
or other chemical hydrolyses (e.g., acid, alkaline, or steam hydrolysis). The resulting polypeptide-, oligopeptide-,
and peptide-containing products are used as conditioning agents in hair and skin products. Methods used to
manufacture protein hydrolysates typically yield broad molecular weight (MW) distributions of peptides, 500-
30,000 daltons (Da); however, certain enzymes, such as papain, can routinely yield narrower distributions of 500-
10,000 Da.”™ For example, if the average MW of an amino acid is assumed to be 135 Da, then, under the broader
distribution figures, these ingredients are approximately 4 to 220 amino acids in length (approximately 4 to 74
amino acids in length under the narrower distribution).*

Method of Manufacturing

A supplier reported that HWP (MW = 350 Da) may be prepared by both alkaline and enzyme hydrolysis.*®
These processes occur for several hours until the desired MW is reached. The final product is a 25% water solution
of HWP. Summary information that includes this data along with additional data from other suppliers can be found
in Table 2.

HWP contained in a facial soap that is associated with anaphylaxis reactions in Japan was produced from
gluten by partial hydrolysis with hydrogen chloride at 95°C for 40 min.** The MW of the main band of HWP, as
determined with sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), was 40,000-50,000 Da,
which was larger than the main band in gluten.

Water insoluble (“vital”) wheat gluten is prepared by washing wheat flour to remove the starch.”® The
gluten remaining is treated with acid to partially deamidate the proteins, which renders them dispersible (“soluble™)
in water. The resultant proteins have relatively high MWs, which can be hydrolyzed by acid, alkali or protease
treatment to yield water soluble proteins, polypeptides, or amino acids, depending on the method and the extent of
the hydrolysis. Polypeptides can then be derivatized by quaternization or copolymerization.

There is no standard method for measuring the MWs of the small polypeptides that can be produced by
hydrolyzing gluten, for example.”> The MWs typically are measured by Size-Exclusion High Pressure Liquid
Chromatography / Gel Permeation Chromatography (SEHPLC/GPC), GPC / Multi-Angle Laser Light Scattering
(MALLS), or SDS-PAGE, and are expressed as weight-average MWs.

Impurities
A supplier of HWP (MW = 350 Da) reported levels of heavy metals and arsenic at <5 ppm and 0.5 ppm,
respectively.™
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USE
Cosmetic

The HWP and HWG addressed in this safety assessment function primarily as hair conditioning agents and
skin conditioning agents (miscellaneous) in cosmetic formulations.*® An additional function may include film
formers (HWP).

Table 3 presents the current product-formulation data for HWP and HWG. According to information
supplied to the Food and Drug Administration (FDA) by industry as part of the Voluntary Cosmetic Registration
Program (VCRP), HWP has the most reported uses in cosmetic and personal care products, with a total of 1077;
approximately half of those uses are in non-coloring hair products.” HWG has a total of 78 uses in cosmetic and
personal care products with about half of the uses reported to be hair tints.

In the Personal Care Products Council’s (Council) use concentration survey, HWP had a wide maximum
use concentration range of 2.0 x 10 to 1.7%, with the 1.7% reported in rinse-off non-coloring hair products.*®
HWG had a maximum use concentration range of 0.005% to 0.09%, with 0.09% reported in eye makeup
preparations.

HWP is used in cosmetic sprays, including aerosol and pump hair spray products and hair tonics. HWG and
HWP may also be used in spray face and neck skin care products and skin fresheners — use in this fashion cannot be
confirmed. When used in cosmetic sprays, these ingredients could possibly be inhaled. The maximum
concentration of these ingredients reported to be used in a spray product is 0.5% (HWP) in a pump hair spray. In
practice, 95% to 99% of the droplets/particles released from cosmetic sprays have aerodynamic equivalent diameters
>10 um, with propellant sprays yielding a greater fraction of droplets/particles <10 um compared with pump
sprays.'*? Therefore, most droplets/particles incidentally inhaled from cosmetic sprays would be deposited in the
nasophazrwzgeal and bronchial regions and would not be respirable (i.e., able to enter the lungs) to any appreciable
amount.””

HWP and HWG are not restricted from use in any way under the rules governing cosmetic products in the
European Union.?

Non-Cosmetic

The FDA determined that the use of peptones as direct food substances is generally recognized as safe
(GRAS). These GRAS peptones are defined as “the variable mixture of polypeptides, oligopeptides, and amino
acids that are produced by partial hydrolysis of casein, animal tissue, soy protein isolate, gelatin, defatted fatty
tissue, egg albumin, or lactalbumin (whey protein) (21 CFR §184.1553).

The FDA defines the term “protein” to mean any o-amino acid polymer with a specific defined sequence
that is greater than 40 amino acids in size.?* The FDA considers a “peptide” to be any polymer composed of 40 or
fewer amino acids.

The FDA requires allergen labeling when major allergens are included in food. The major allergens
include wheat, milk, egg, fish, Crustacean shellfish, tree nuts, peanuts, and soybeans.”®

TOXICOKINETICS

No published toxicokinetics studies on HWP and HWG were identified by a literature search for these
ingredients and no unpublished data were submitted.

TOXICOLOGICAL STUDIES
The proteins that serve as the sources of the HWPs and HWGs that are addressed in this safety assessment
are found in the foods we consume daily. The potential systemic effects, other than sensitization, from possible
absorption of these substances through the skin would not be expected to be different from those of oral exposures
and are, thus, not discussed in detail in this report. This assessment focuses on evaluating the potential for these
ingredients to cause sensitization reactions and irritation. Data from the previous safety assessment on a-amino
acids support that mixtures of amino acids would not likely be irritants or sensitizers.

GENOTOXICITY

No published genotoxicity studies on HWP and HWG were identified by a literature search for these
ingredients and no unpublished data were submitted.
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CARCINOGENICITY

No published carcinogenicity studies on HWP and HWG were identified by a literature search for these
ingredients and no unpublished data were submitted.

IRRITATION AND SENSITIZATION

[From the CIR Safety Assessment of a-amino acids]*: Cysteine HCI and methionine were used as
negative controls in in vitro assays to predict potential skin irritants. In separate dermal and ocular
studies, arginine (up to 5%), aspartic acid (up to 0.2%), cysteine (up to 5%), glycine (up to 2%),
magnesium aspartate (up to 0.1%), serine (up to 0.3%) and tyrosine (up to 1%) did not produce any
adverse effects in rats, guinea pigs, or mouse skin models. Glutamic acid was used as a negative control
in an in vitro study to identify skin sensitizers. Products containing amino acid ingredients at
concentrations up to 2.784% were not dermal irritants or sensitizers in HRIPT studies. In several
validation studies for in vitro phototoxicity assays, histidine was used as a negative control. Neither
magnesium aspartate up to 0.5% nor 1% tyrosine was phototoxic in assays using yeast.

Irritation
Dermal — Non-Human
In a primary dermal irritation study in 6 New Zealand white rabbits, acid- and enzyme-hydrolyzed HWP
was not a primary skin irritant (primary skin irritation score = 0.50; a score of 5+ indicates a primary dermal
irritant).?® The 25% aq. solution (MW = 350 Da) was applied for 24 h to 2.5 cm?” sites that were clipped, abraded,
and occluded.

Dermal - Human

HWP was non-irritating in a human irritation patch test performed in 42 subjects.”’ The HWP was tested at
25% ag. solution (MW = 350 Da), and the subjects received a single dermal dose under occlusive conditions for 48
h.

Ocular — Non-Human
In an ocular irritation study in 6 albino rabbits, HWP (25% ag. solution, MW = 350 Da) was not a primary
eye irritant.?®

Sensitization

Dermal - Non-Human

The possibility of a transdermal pathway for sensitization to gluten and acid-hydrolyzed HWP was studied
using BALB/c mice.** The HWP was supplied by a manufacturer in Japan and was produced from gluten by partial
hydrolysis with hydrogen chloride at 95° C for 40 min. The resultant HWP had a MW of approximately 40,000-
50,000 Da. The 7-week-old female mice were shaved and tape-stripped 10 times to remove the stratum corneum,
and were then exposed to HWP and gluten (500 pg/mouse), with and without sodium dodecyl sulfate (SDS), or to
HWP (20-500 pg/mouse), with SDS, via transdermal patches for 3 to 4 cycles (each cycle consisting of 3 days with
the patch on followed by 4 days without the patch), 3 days/week. Active systemic anaphylaxis (ASA) was then
induced by intraperitoneal injection of HWP or gluten, respective of the material used during the transdermal
exposure. Rectal temperature, scores of anaphylactic responses, and plasma histamine levels were measured. Dose-
dependent production of IgE and 1gG1 were observed. The i.p. injection of HWP caused ASA in the mice exposed
transdermally to HWP, with decreased rectal temperatures, increased anaphylaxis scores, and increased plasma
histamine levels. The i.p injection of gluten clearly induced ASA in the mice transdermally exposed to gluten in the
presence of SDS, but not in the absence of SDS. When compared to the vehicle control group, the content of HWP-
specific IgE and 1gG1 was significantly increased in the HWP groups with and without SDS and in the gluten-with-
SDS group; IgE in the gluten—-without-SDS group was barely increased. The serum content of gluten-specific IgE
was significantly increased in the gluten-with-SDS group and both HWP groups, but barely increased in the gluten-
without-SDS group, when compared to the vehicle-control group. The serum content of gluten IgG1with and
without SDS and HWP without SDS were also significantly increased, but there were individual differences in the
gluten-without-SDS group that showed that SDS had an important role in sensitization by transdermal exposure.
Following elicitation of the immediate hypersensitivity reactions, harvested splenocytes were re-stimulated with
HWP for 72 h. The secretion of IL-4, IL-5, and IL-10 was increased while that of IL-2 and interferon (IFN)-y was
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significantly decreased, demonstrating that transdermal sensitization with HWP was associated with a T helper 2
response.

Dermal - Human

In an occlusive human repeated insult patch test (HRIPT) of 52 subjects, no dermal irritation or
sensitization was observed in response to HWP (25% ag. solution, MW = 350 Da) when applied at a volume of 0.2
ml under a 20 mm? Webril patch.?

A study of sensitization to protein hydrolysates in hair-care products was performed in 3 groups of Finnish
patients.® The first group, which consisted of 11 hairdressers with hand dermatitis, submitted to scratch and prick
tests with 22 trademarked protein hydrolysates, including 2 HWP trademarked hydrolysates (specific chemical
characteristics not provided). The second group was comprised of 2160 consecutive adults with suspected allergic
respiratory disease: they were subjected to skin prick tests with hydroxypropyl trimonium hydrolyzed collagen,
hydrolyzed collagen and/or hydrolyzed milk protein. The third group of 28 adult patients with atopic dermatitis was
also tested with 1 to 3 of the hydrolysates tested in group 2 via a skin prick test. Positive reactions were seen in a
total of 12 patients (all female with atopic dermatitis) to the hydroxypropyl trimonium hydrolyzed collagen,
hydrolyzed collagen and/or hydrolyzed milk protein. No adverse reactions to the HWP trademarked hydrolysates
were observed.®

Type 1 Hypersensitivity

There have been several reports of Type 1 (i.e., immediate) hypersensitivity reactions to personal care
products that contain HWP or HWG, as summarized below. It has been hypothesized that an allergen must have at
least 2 IgE-binding epitopes, and each epitope must be at least 15 amino-acid residues long, to trigger a Type 1
hypersensitivity reaction.®® Type 1 responses can be elicited in sensitized patients when pairs of IgE molecules
against a specific allergen are bound to receptors on the surface of mast cells and other cells that mediate immune
reactions. The binding of an allergen molecule to two receptor-bound IgE molecules results in the crosslinking of
the pair of IgE molecules. The cross-linking of sufficient numbers of IgE pairs bound to the receptors on the surface
of a mast cell results in degranulation of the mast cell and the release of vasoactive amines, which are responsible
for the Type 1 reaction.

The sera from 5 European patients were studied to determine the reactivity of IgE with hydrolyzed gluten.®
In 4 of the patients, immediate contact hypersensitivity to HWP (IHHWP) manifested as urticaria in response to
either dermal contact with HWP (2 patients) or the ingestion of processed foods containing HWP (2 patients),
without sensitivity to traditional wheat food products. The fifth patient (control) exhibited conventional wheat-
dependent exercise-induced anaphylaxis (CO-WDEIA) in response to ingesting traditional wheat food products
without exhibiting sensitivity to HWP.

The IgE reactivity of sera from the IHHWP patients and the CO-WDEIA patient was characterized using
extracts of 4 hydrolyzed gluten preparations (enzymatically- or acid-hydrolyzed), total unmodified wheat protein
(UWP), and UWP fractions (i.e., albumins/globulins, gliadins, and glutenins, including high-MW glutenin subunits
[HMW-GS] and low-MW glutenin subunits [LMW-GS]). The IgE cross-reactivity of the sera was examined from
one IHHWP patient with the extracts of one HWP preparation and UWP. Finally, the relative molecular size
distributions of two HWP preparations (one the product of acid hydrolysis with a low degree of deamidation and the
other the product of enzymatic hydrolysis) was characterized, and the binding of IgE in the serum of one IHHWP
patient was determined using the separated polypeptide fractions of two HWP preparations.

The results showed reactivity of serum IgE from the IHHWP patients, especially with the
albumins/globulins fraction and less so with the gliadins and LMW-GS fractions, but not with the HMW-GS
fraction of UWP. Reactivity of serum IgE from one of the IHHWP patients was observed with the @5-gliadin of
UWP; this patient distinctly exhibited exercise-induced allergic reactions (urticarial) to ingestion of HWP in
processed foods. Reactivity of serum IgE from the CO-WDEIA patient was observed with m5-gliadin and LMW-
GS fractions, but not with the HMW-GS fraction of UWP.

Binding patterns of serum IgE from the IHHWP patients to HWP preparations varied by IHHWP patient
and by HWP preparation, but in no case did the IgEs bind to HWP polypeptides less than 31,000 Da. The binding of
serum IgE to UWP or to the albumins/globulins fraction of UWP was partially inhibited by HWP. However, the
binding of serum IgE to HWP was almost completely inhibited by UWP or HWP. Based on these results, the
authors suggested that almost all of the epitopes in the HWP preparation tested were also available in UWP. The
molecular-size profiles of two of the HWP preparations ranged from <5,000 Da to > 1,000,000 Da, and both
preparations contained substantial amounts of high-MW constituents. Binding of IgE in the serum of the IHHWP
patient was greatest to the highest MW fractions of both of these HWP preparations (400,000 Da to 1,000,000 Da),
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weaker to intermediate molecular-weight fractions (30,000 Da to 400,000 Da), and faint or undetectable to the
lowest molecular-weight fractions (< 31,000 Da).

Overall, the authors concluded that most IgE epitopes in UWP are conserved in HWP produced by
industrial hydrolysis processes, and the production of new epitopes in the hydrolysates does not appear to contribute
substantially to the differences in allergic responses in IHHWP patients compared with CO-WDEIA patients.
Additionally, epitopes in UWP appear to be destroyed in HWP polypeptides less than about 30,000 Da. Analysis of
HWP fractions under non-reducing, non-dissociating conditions suggested that differences in allergic responses
between IHHWP patients and CO-WDEIA patients may be attributable to hydrolysis-induced re-organization in
HWP of epitopes that already exist in UWP; re-organization through entanglements, S-S bond interchanges, or non-
covalent interactions among the HWP polypeptides may produce relatively soluble, high-MW polypeptide
aggregates that can present multiple epitopes efficiently to trigger allergic responses to HWP.*

In a Japanese study, wheat protein hydrolysates that were produced by enzymatic hydrolysis had higher
concentrations of peptides with MWs greater than 1,050 Da, compared with those produced by acid hydrolysis,
which had extremely low concentrations of peptides with MWs greater than 1,050 Da.** Investigation of the
reactivity of these 2 types of hydrolysates revealed that the acid hydrolysates rarely inhibited IgE binding whereas
enzymatic hydrolysates clearly inhibited the binding of IgE to wheat proteins.®® IgE of patients that had Type 1
hypersensitivity to HWP through percutaneous and/or rhinoconjunctival exposure to a facial soap containing HWP
(40,000-50,000 Da) reacted with high-MW polypeptide aggregates.®* However, an in vitro elicitation test using IgE
from different categories of wheat-allergic patients (including patients sensitized to commercial HWP produced by
acid hydrolysis, pediatric patients with food allergy to native wheat, adult patients exhibiting WDEIA, and non-
atopic healthy adults) revealed that glutens acid-hydrolyzed to various extents retained the ability to activate mast
cells in patients sensitized by exposure to commercial acid-hydrolyzed HWP.*®

A study was performed comparing 5 Japanese women exhibiting both contact allergy (rhinoconjunctival
reactions) to HWP (40,000-50,000 Da) in a facial soap and WDEIA reactions to eating “normal wheat products”
such as bread, pasta, and pastries (referred to as HWP-WDEIA patients) with 18 Japanese women exhibiting CO-
WDEIA reactions.®® The authors distinguished the 5 Japanese HWP-WDEIA patients from European patients
exhibiting IHHWP (see study summarized above), some of whom also exhibited allergic reactions to foods
containing HWP, but none with allergic reactions to eating “normal wheat products.”

Positive skin prick tests were obtained for HWP in all 5 of the HWP-WDEIA patients, in contrast to the
CO-WDEIA patients. Sera from HWP-WDEIA patients exhibited statistically-significantly elevated IgE reactivity
with HWP, compared to reactivity with each of the wheat-protein fractions (i.e., albumins/globulins, gliadins, and
glutenins). In contrast, sera from CO-WDEIA patients exhibited statistically-significantly elevated reactivity with
the gliadins fraction of wheat proteins, compared to reactivity with HWP.

Sera from the HWP-WDEIA patients exhibited statistically-significantly elevated IgE reactivity with HWP,
gluten, wheat flour, and each of the wheat-protein fractions, and statistically-significantly reduced reactivity with
recombinant m5-gliadin, compared to sera from CO-WDEIA patients. Based on these results, the authors suggested
that sensitization of HWP-WDEIA patients to components of the gliadins fraction other than w5-gliadin may help
explain the elevated reactivity of sera from HWP-WDEIA patients with the complete gliadins fraction.

Pre-incubation of sera from HWP-WDEIA patients with HWP completely inhibited IgE reactivity with
wheat extracts, but pre-incubation with wheat extracts did not inhibit reactivity with HWP. Conversely, pre-
incubation of sera from CO-WDIEA patients with HWP only weakly inhibited reactivity with wheat extracts, while
pre-incubation with wheat extracts strongly inhibited reactivity with HWP. Based on these results, the authors
suggested that the reactivity of sera from CO-WDEIA patients with HWP is attributable to IgE-binding epitopes that
survive the hydrolysis of wheat proteins.

Overall, the authors concluded: (1) HWP-WDEIA is a clinical phenotype distinct from CO-WDEIA, as
well as from the contact sensitivity to HWP observed in European patients that do not exhibit sensitivity to ingesting
“normal wheat products,” (2) the use of a facial soap containing HWP caused both primary contact dermal /
rhinoconjunctival sensitization to HWP and, secondarily, WDEIA sensitization to ingested wheat proteins in the
HWP-WDEIA patients, and (3) sensitization to gliadins other than ®w5-gliadin (e.g., w1-2-gliadin and y-gliadin) may
be more important than sensitization to w5-gliadin in the pathogenesis of HWP-WDEIA, compared with the
pathogenesis of CO-WDEIA.*®

In another study, the allergic reactions of a group of Japanese patients diagnosed with HWP-WDEIA were
found likely the result of sensitization primarily through percutaneous and/or rhinoconjunctival exposures to HWP
(acid-hydrolyzed UWP; 40,000-50,000 Da) in a facial soap.® The authors noted that, by 2010, more than 1300
patients who had used the soap exhibited facial angioedema after use, tested positive for sensitivity to the HWP in
skin-prick tests and positive for serum IgE reactivity with the HWP, and developed WDEIA reactions in response to
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eating natural UWP. Angioedema predominated in the HWP-WDEIA patients, especially angioedema of the
eyelids, in contrast to the urticarial wheals predominating in CO-WDEIA patients. The onset of allergic reactions in
the HWP-WDEIA patients typically was 1 month to 5 years after starting to use the soap. Many of these patients
developed WDEIA in response to eating wheat food products at about the same time as, or subsequent to, the onset
of urticarial reactions to the soap.

About half of the HWP-WDEIA patients tested positive in skin-prick tests for sensitivity to wheat and
bread. Almost all of the HWP-WDEIA patients tested positive in skin-prick tests for sensitivity to solutions of the
soap or the HWP in the soap, in contrast to CO-WDEIA patients, none of whom exhibited sensitivity to these
solutions. Only about 7% of HWP-WDEIA patients exhibited serum IgE reactivity with o5-gliadin, compared to
80% of CO-WDEIA patients. Reactivity with o5-gliadin among the few positive HWP-WDEIA patients was
substantially weaker than the corresponding reactivity among the CO-WDEIA patients. About 17% of HWP-
WDEIA patients exhibited serum IgE reactivity with o5-gliadin and/or HMW-GS, compared to about 94% of CO-
WDEIA patients. On the other hand, 70% or more HWP-WDEIA patients exhibited serum IgE reactivity with
wheat protein or gluten, compared to only 30% to 40% of CO-WDEIA patients. Sera from HWP-WDEIA patients
exhibited IgE binding to HWP polypeptides and to water-soluble and water-insoluble constituents of UWP, but not
to purified w5-gliadin. In comparison, serum IgE from CO-WDEIA patients bound to w5-gliadin, as well as to the
water-soluble and water-insoluble constituents of UWP, but not to the polypeptides of the HWP preparation. Pre-
incubation of sera from the HWP-WDEIA patients with solutions of the HWP preparation resulted in concentration-
dependent inhibition of the binding of IgE to HWP polypeptides. HWP, but not purified w5-gliadin, up-regulated
the CD203c (an ecto-enzyme on the cell membranes of basophils and mast cells) in HWP-WDEIA
patients. However, w5-gliadin, but not the HWP, up-regulated CD203c in cells from CO-WDEIA patients.

The authors suggested that (1) the hydrophilic constituents of HWP may play an important role in
percutaneous and/or rhinoconjunctival sensitization to HWP, (2) production of HWP by acid hydrolysis of UWP
will yield charged terminal amino- and carboxyl-groups that increase the water solubility of the HWP, compared to
that of UWP, and (3) the surfactants in a soap product will likely facilitate the dermal penetration of the HWP
polypeptides, and thereby help to increase the likelihood of sensitization through percutaneous/rhino-conjunctival
exposures in people using such products.?

Recommendations have been made to individuals with known protein hypersensitivity to minimize dermal
exposure to botanical ingredients such as HWP and to not use products that have these constituents that can be
incidentally inhaled.” Additionally, it has been recommended that manufacturers of personal care products not use
known or suspected allergens (including constituents of plants known to produce Type 1 hypersensitivity reactions
or of plants that are in the same phylogenetic families as these plants) in products that may be incidentally inhaled
(e.g., sprays, shampoos or shower gels, and, presumably, loose powder products as well).

Research on Type 1 hypersensitivity reactions in Japan to products containing HWP is ongoing, as reported
by the Japanese Society of Allergology’s Special Committee for the Safety of Protein Hydolysates in Cosmetics.
Current developments are available at: http://www.jsaweb.jp/modules/en/index.php?content id=11.

The outbreak in Japan of Type 1 immediate hypersensitivity reactions to a HWG in facial soaps and other
products was attributed mainly to the use of a popular soap product (Cha no shizuku) containing 0.3% of a HWG
called Glupearl 19S (trade name). Glupearl 19S has an average MW of about 50,000 Da.*® There are presently
more than 2100 registered cases of this type of sensitivity across Japan. Data from 547 patients indicated that the
signs of sensitization typically appeared 31.5 months (median) after starting to use the soap. The clinical
manifestations of sensitization to Glupearl 19S include eyelid edema and contact urticaria during or after using the
soap in many, but not all, of the patients. Eating foods containing wheat ingredients caused anaphylactic reactions in
about 55% of the patients, including anaphylactic shock in about 25%. Clinical and experimental evidence indicates
that the patients have systemic reactions to ingested wheat products because they have been sensitized through
percutaneous or permucosal (i.e., through the ocular or nasal mucosae) absorption of Glupearl 19S.%%°

Wheat gluten hydrolysates prepared by acid hydrolysis at high temperatures (95°C or 100 °C) for 0 to 48
hours have weight-average MWs ranging from < 3000 Da to > 10,000 Da, depending on the duration of the
hydrolysis.®® Regardless of the duration, all of the hydrolysates are about 50% deamidated by the treatment.
Glupearl 19S and hydrolyzed gluten preparations prepared by acid-hydrolysis at 100 °C for 0.5 h exhibited a
sensitization potential through dermal exposure in an in vivo mouse model, but gluten that was more extensively
hydrolyzed under these conditions for 9 hours exhibited weak sensitization potential in this model.*®*** The MWs of
the hydrolysate preparations, determined by sodium dodecyl sulfate — polyacrylamide gel electrophoresis (SDS-
PAGE), were < 70,000 Da after 0.5-h acid hydrolysis and < 30,000 Da after 9-h hydrolysis. Glupearl 19S and other
gluten hydrolyzates that were acid-hydrolyzed (at 100 °C) for 0, 0.5, 1, 2, 3, 6, 9, 12, 24, or 48 hours were
fractionated by size (i.e., three fractions: < 3000 Da, 3000-10,000 Da, and > 10,000 Da fractions) using
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ultrafiltration spin columns without sodium dodecyl sulfate (SDS) to avoid the effects of SDS binding to the
polypeptides, which can reduce the accuracy of MW estimates).*®3 The fractions were then tested for IgE
responses (using serum IgE from an HWP-sensitized patient) by the IgE crosslinking-induced luciferase expression
(EXILE) method. The results showed that the <3000 Da fractions of Glupearl 19S and the other hydrolysate
preparations did not elicit an IgE response, and the 3000-10,000 Da fractions elicited only a weak response, in
contrast to both Glupearl 19S and the > 10,000 Da fraction. The authors concluded that the elicitation of a type 1
hypersensitivity response depends on the presence of an epitope with a MW > 3000 Da.*

Wheat gluten rendered dispersible by mild acid hydrolysis was further hydrolyzed enzymatically to
different extents to yield HWP preparations, including: ~150 Da, ~3000 Da, ~100,000 to 125,000 Da preparations.*®
Some of the ~150 Da, ~3000 Da, and ~100,000 to 125,000 Da were derivatized to yield quaternized peptides, co-
polymers, or acylated derivatives. The polypeptides of the ~3000 Da MW preparation did not bind to human anti-
gluten (specifically, anti-gliadin) antibodies in vitro in slot blot and western blot analyses, indicating the absence of
reactivity of this preparation, in contrast to the gluten and dispersible-gluten preparations that were used as positive
controls. All of the 6 wheat IgE-positive patients with conventional wheat allergy tested negative in skin-prick tests
with the ~150 Da, ~3000 Da, ~100,000 Da, and ~125,000 Da hydrolysate preparations and a number of derivatives,
most of which were derivatives of the ~3000 Da preparation.

Several Danish individuals developed allergic reactions to a dispersible (i.e. rendered “soluble” by mild
acid hydrolysis) wheat protein that was used in food products as an emulsifier.”> This protein was hydrolyzed
enzymatically to produce ~150 Da, ~3000 Da, and ~100,000 to 125,000 Da preparations, each of which was tested
by Immunospot® or IgE binding using sera from these patients. The ~ 150 Da and ~3000 Da preparations and their
derivatives yielded negative results, in contrast to the ~100,000 to 125,000 Da preparation. The authors concluded
that the allergic responses in these patients are associated with the partial deamindation of the peptides by acid
hydrolysis, and the hydrolysis to ~3000 Da removes the potential for eliciting an allergic response.

Thus, the results of several studies indicate that hydrolysates of gluten with weight-average MWs < 3000
Da exhibit no potential to elicit hypersensitivity reactions in sensitized individuals, in contrast to Glupearl 19S and
other hydrolysates with weight-average MWs >10,000 Da.”>* Duplicate analysis (GPC MALLS) of two samples
of the ~3000 Da hydrolysates that were negative in the in vitro and in vivo studies described above indicated that
~3% of the molar mass of the preparation exceeded 3500 Da, and ~2% exceeded 4000 Da.”’ The authors note that
the analyses of the low MW preparations are at the extreme of the sensitivity of the method used.

The experimental results support the hypothesis that a polypeptide must be at least 30 amino acids long to
have the two IgE-binding epitopes required to elicit Type 1 hypersensitivity reactions.®® The weight-average MW of
the amino acids of wheat protein and wheat gluten is about 119 Da.”> Thus, polypeptides from wheat protein or
wheat gluten that are 30 amino acids long will have a weight-average MW of about 3570 Da.™ It follows that
polypeptides with weight-average MWs of 3500 Da or less do not have the properties required to induce Type 1
hypersensitivity.'>

Phototoxicity

No published phototoxicity studies on HWP and HWG were identified by a literature search for these
ingredients and no unpublished data were submitted.

CASE STUDIES

A case of WDEIA in a non-atopic 40-year-old woman was reported in Japan.® The patient developed facial
wheals and nasal discharge while using an HWP- (Glupearl 19S) containing facial soap (Cha no shizuku) over the
course of a year (HWP = 40,000 -50,000 Da). Additionally, she suffered multiple episodes of eyelid edema after
eating bread or while working or walking during an 11-month period prior to diagnosis. Skin prick tests were
positive with a solution of the soap or the HWP, but negative with wheat or bread. The patient also tested positive
for WDEIA after ingesting wheat and aspirin together (aspirin, like exercise, is a well-known trigger of allergic
reactions). SDS-PAGE and western blotting analyses showed that serum IgE from this patient reacted with
polypeptides, which ranged from 15,000 to 250,000 Da, in a HWP preparation and with both the water-soluble and
water-insoluble fractions of UWP, but not with w5-gliadin.

An additional 3 cases of WDEIA were reported by the same researchers in Japan.** The 3 female patients
had used the same brand of soap that contained HWP (40,000-50,000 Da). Skin prick tests revealed positive
reactions to a 0.1% solution of the soap in physiological saline and to 0.1% HWP in physiological saline. Western
blotting of the patients’ sera IgE yielded positive reactions with the HWP. The researchers concluded that WDEIA
was attributable to cross reactivity to wheat protein induced by HWP exposures in these patients.
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A 51- year-old Japanese woman had been using a facial soap containing HWP (40,000-50,000 Da) daily for
several years.** Approximately 3 months after she started to use the soap, she began to develop angioedema on the
eyelids and urticarial rash on the face. She experienced similar episodes many times over a 5-year period when
eating wheat-containing food followed by mild exercise, with clinical signs limited to her face. Five years after her
initial use of the soap containing HWP, she had an anaphylactic reaction after ingesting normal wheat products and
was suspected of having WDEIA. She had no history of atopic dermatitis, food hypersensitivities, or dry skin. The
patient developed eyelid angioedema, dyspnea, and a generalized urticarial rash on her entire upper extremity
following a skin prick test with the HWP from the soap diluted 1:10,000. An IgE test for wheat and gluten yielded
0.36 UA/ml and 0.40 UA/mI, respectively. Serum -5 gliadin-specific IgE antibody titers were within normal
limits. The patient did not have a mutation in human filaggrin (FLG), a defect that may disrupt skin barrier function.

In another case study, a 42-year-old woman reported an intense burning sensation over her face, neck, and
scalp several hours after applying a moisturizing cream that contained HWP.** Specific chemical characteristics of
the HWP were not provided. Patch testing with the diluted ingredients of the moisturizing cream resulted in a
positive reaction (D2+, D4+) to 50% ag. HWP. No reactions were observed from skin prick testing to standardized
wheat extract or contact-urticaria testing with HWP.

Contact urticaria was reported in a 46-year-old woman.** The patient developed the clinical signs after
applying an eyelid cream and a body moisturizer that contained HWPs for 3 months prior to consulting her
physician. Strong positive reactions were observed from the preserved food, wheat gluten that was in the food, the
cosmetic creams, and HWP in open application tests and skin prick tests. Further investigation revealed that the
HWPs in the cosmetic creams were from the same manufacturer as the gluten in the preserved food. Specific
chemical characteristics of the HWP were not provided.

A 27-year-old woman was reported to have a pruritic, erythematous, urticarial rash that became
increasingly more intense after subsequent use of a moisturizing body cream that contained HWP.** The wheat
hydrolysate was not characterized in this study. Skin prick tests with common inhalant allergens, natural rubber
latex, and cereal grains, including wheat, were negative. Also negative were the results of prick tests with a series of
21 protein allergens from plant and animal sources that included hen’s egg, cow’s milk, milk casein, almond, silk
protein, aloe gel, papaya fruit, and hydrolyzed collagen. Total serum IgE was slightly elevated. The individual
components of the body cream tested negative in an open application test, but a skin prick test was positive (8 mm)
to HWP. Further IgE testing revealed that binding occurred specifically to wheat hydrolysate.

In another case study, a 64-year-old woman was reported to have itchy, erythematous, edematous lesions
on the eyelids, face, and neck following use of a moisturizing cosmetic cream.*®  The patient was patch tested with
the (GEIDC) standard and cosmetics series, the cosmetic cream, and the individual ingredients of the cream.
Positive reactions (++) were observed to nickel sulfate, the cosmetic cream (tested neat), and to the HWP ingredient
of the cream (10% aq.). Open testing with the HWP (10% aq.) was negative at 30 min. Specific chemical
characteristics of the HWP were not provided.

A 23-year-old man with no history of atopy was reported to have a rash that occurred immediately after
application of a face cream.*” The rash included highly pruritic wheals on the face and neck accompanied by
bilateral palpebral edema. Other systemic symptoms were not observed. The patient reported a similar reaction
previously to a sunscreen and did not report food-induced symptoms or intolerance. A nonblinded skin test with the
face cream was negative. Patch testing with the cosmetics True Test panel and the patient’s own personal care
products resulted in a positive (++) reaction to the patient’s face cream at 48 and 96 h; all other readings were
negative. Patch testing with the components of the face cream resulted in a positive (++) reaction to 1% HWP in
water at 48 and 96 h. Testing in 10 control subjects yielded negative results. The patient underwent further prick
tests with flours and cereals, with positive results reported for malt (5 x 4 mm), cereal mix (7 x 5 mm), oats (5 x 5
mm), and hydrolyzed wheat extract (18 x 14 mm). Total IgE was 136 U/ml (reference range = 1-100 U/ml). Results
of specific IgE testing to buckwheat, rice, oats, barley, rye, corn, common millet, soy, and wheat were negative.
Specific chemical characteristics of the HWP were not provided.

In a case study of a 3-year-old girl with a history of moderate atopic dermatitis, eczema-like skin eruptions
were observed following use of an emollient containing HWP.*® Scaly erythematous lesions were observed on her
knees. No evidence of contact urticaria was observed. Closed patch tests with the European standard series and the
emollient were positive (+) for the emollient on days 2 and 3. Additional patch tests with the individual components
of the emollient yielded positive results (++) for palmitoyl-HWP on days 2 and 3. Prick test, open test, and open
patch test for palmitoyl-HWP were negative, as were prick test and radioallergosorbent test with wheat. Specific
chemical characteristics of the HWP were not provided.

Two cases of reactions to HWP were reported in hairdressers.*® In the first case, the patient, a 23-year-old
female with no history of atopy who had been employed as a hairdresser for 2 years, developed watery rhinitis,
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conjunctivitis, dyspnea, angioedema of the eyelids, asthma-like symptoms at work, contact urticaria, and burning
and tingling of the hands and soles when exercising after consumption of wheat-containing foods following long-
term use of sprayable hair conditioner and another hairspray that contained laurimonium hydroxypropyl HWP. In
the second case, the patient, a 22-year-old female with a history of atopic eczema who had been employed as a
hairdresser for 6 months, developed urticarial wheals, work-related sneezing, nasal itching, watery rhinitis, and
generalized urticarial and eyelid edema when exercising after consumption of wheat-containing foods following use
of spray products also containing laurimonium hydroxypropyl HWP. The exercise-induced symptoms ceased after
the second hairdresser switched to a grain-free diet. Skin prick tests with the common aeroallergen series and
natural rubber latex were performed with standardized extracts, histamine hydrochloride, and diluent controls. Prick
testing was also conducted with wheat, oat, barley and rye flours, gliadin, hair-bleaching agents,
paraphenylenediamine, and the products containing HWP and the individual ingredients. Open skin applications
tests were performed with the products containing HWP, and specific inhalation challenge or nasal provocation tests
were performed with one of the products or the HWP ingredient.

Both patients had strong positive skin prick tests and urticarial reactions in the open skin tests to the
products containing HWP. Of the ingredients in these products, laurdimonium hydroxypropyl HWP gave a strong
positive reaction in the skin prick test while the remaining ingredients caused no reactions. Three atopic and 4
healthy volunteers were negative to the same HWP. Additionally, the patients were skin-prick-test negative to
wheat flour, persulfate salts, and paraphenylenediamine. Occupational asthma was diagnosed in the first patient
based on a specific inhalation challenge test with one of the products. This patient also had a rhinitis reaction with
itching and marked watery rhinorrhea. In the second patient, nasal provocation with HWP caused marked
rhinorrhea with swelling of nasal mucosa. Nasal provocation with HWP in 2 volunteers was negative.*

SUMMARY

HWG and HWP function primarily as skin and hair conditioning agents in personal care products. These
protein derivatives are prepared by subjecting wheat proteins to acidic, enzymatic or other chemical, partial
hydrolyses.

HWP has the most reported uses in cosmetic and personal care products, with a total of 1077;
approximately half of those uses are in non-coloring hair products. HWG has 78 reported uses, with about half of
the uses reported to be in hair tints.

In the Council’s use concentration survey, HWP had a wide maximum use concentration range of 2.0 x 10
to 1.7%, with the 1.7% reported in rinse-off non-coloring hair products. HWG had a maximum use concentration
range of 0.005% to 0.09%, with the 0.09% reported in eye makeup preparations.

The FDA determined the use of peptones as direct food substances are GRAS.

Ocular and dermal irritation studies of HWP found this ingredient not to be a significant irritant.

In a study of the transdermal pathway for sensitization to gluten and acid-hydrolyzed HWP (40, 000 -
50,000 Da) with and without SDS in BALB/c mice, the i.p. injection of HWP caused ASA, with decreased rectal
temperatures, increased anaphylaxis scores, and increased plasma histamine levels. The i.p injection of gluten
clearly induced ASA in the presence of SDS, but not in the absence of SDS. The content of HWP-specific IgE and
1gG1 was significantly increased in the HWP groups with and without SDS and in the gluten-with-SDS group; IgE
in the gluten—without-SDS group was barely increased. The serum content of gluten-specific IgE was significantly
increased in the gluten-with-SDS group and both HWP groups, but barely increased in the gluten-without-SDS
group. The serum content of gluten IgG1with and without SDS and HWP without SDS were also significantly
increased, but there were individual differences in the gluten-without-SDS group that showed that SDS had an
important role in sensitization by transdermal exposure. The secretion of IL-4, IL-5, and IL-10 was increased while
that of IL-2 and interferon (IFN)-y was significantly decreased, demonstrating that transdermal sensitization with
HWP was associated with a T helper 2 response.

A HRIPT study of HWP (MW = 350 Da) concluded that this ingredient was not a dermal irritant during the
induction phase or sensitizer during the challenge phase of the study.

Multiple cases of allergic reactions, including Type 1 immediate hypersensitivity reactions, were reported
in individuals who had used personal care products that contained HWP, most of which were to a facial soap in
Japan that contained HWP of 40,000-50,000 Da from acid hydrolysis of gluten at high temperatures. Several studies
have been conducted to characterize the cause, manifestations, and mechanisms of these reactions, including tests of
serum IgE binding and reactivity to wheat protein, wheat-protein fractions, and HWP and HWG prepared using
acid- and/or enzyme-hydrolysis methods yielding products with varied polypeptide size profiles. Hydrolysates with
weight-average MWSs < 3000 exhibit no potential to elicit hypersensitivity reactions in sensitized individuals, in
contrast to hydrolysates with weight-average MWs >30,000 Da. Experimental results support the hypothesis that
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polypeptides with weight-average MWs of 3500 Da or less do not have the potency required to induce Type 1
hypersensitivity.

DISCUSSION

The HWP and HWG ingredients discussed in this safety assessment are protein hydrolysates consisting of
polypeptides with average MWSs ranging from approximately 500 Da to greater than 30,000 Da, depending on the
extent of the hydrolysis. The Panel reviewed data from a raw materials manufacturer and information presented by
experts on the potential for exposures to HWP and HWG in cosmetic products to cause Type 1 immediate
hypersensitivity reactions. Traditional human repeat insult patch tests (HRIPT) and related tests do not assess the
ability of a substance to cause Type 1 reactions.

Production processes involving high-heat acid hydrolysis of wheat protein or wheat gluten can yield
partially deamidated high-MW polypeptides with substantial potential to sensitize individuals through percutaneous
and permucosal exposures, especially in formulations that contain surfactants. Studies have shown that
hydrolysates with weight-average MW of approximately 3000 Da or less exhibit no potential to elicit
hypersensitivity reactions in sensitized individuals, in contrast to hydrolysates with weight-average MWSs >10,000
Da. Substantial experimental results support the theory that a polypeptide must be at least 30 amino acids long (i.e.,
MW about 3570 Da, assuming 119 Da/amino acid) to have the two IgE-binding epitopes needed to elicit Type 1
hypersensitivity reactions. Thus, polypeptides with MWs less than 3500 Da do not have the properties required to
induce Type 1 hypersensitivity.

The Panel discussed the issue of incidental inhalation exposure to HWP or HWG in aerosol and pump hair
spray products. There were no inhalation toxicity data identified or provided. HWP and HWG reportedly are used at
concentrations up to 0.5% (HWP) in cosmetic products that may be aerosolized. The Panel noted that 95% — 99% of
droplets/particles produced in cosmetic aerosols would not be respirable to any appreciable amount. Coupled with
the small actual exposures expected in the breathing zone, the absence of the potential for polypeptides less than
3500 Da from HWP or HWG to induce sensitization, and the generally non-irritating nature of these ingredients, the
available information indicates that incidental inhalation would not be a significant route of exposure that might lead
to local respiratory or systemic effects. A detailed discussion and summary of the Panel’s approach to evaluating
incidental inhalation exposures to ingredients in cosmetic products is available at http://www.cir-safety.org/cir-
findings.

The Panel also addressed concerns about pesticide residues and heavy metals that may be present in
botanical ingredients. They emphasized that the cosmetics industry should continue to use the necessary procedures
to limit these impurities in the ingredients before blending into cosmetic formulations.

CONCLUSION
The CIR Expert Panel concluded that hydrolyzed wheat gluten and hydrolyzed wheat protein are safe for
use in cosmetics when formulated to restrict peptides to a weight-average MW of 3500 Da or less.
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TABLES

Table 1. Definitions and functions of the ingredients in this safety assessment.’® (The italicized text below represents additions made by CIR
staff.)
Ingredient CAS No. Definition Function
Hydrolyzed Wheat Gluten Hydrolyzed Wheat Gluten is the partial hydrolysate of Triticum Hair Conditioning Agent; Skin-
100684-25-1 Vulgare (Wheat) Gluten derived by acid, enzyme or other method Conditioning Agent-Misc.

of hydrolysis.
Hydrolyzed Wheat Protein Hydrolyzed Wheat Protein is the partial hydrolysate of wheat Film formers; Hair Conditioning
70084-87-6 protein derived by acid, enzyme or other method of hydrolysis. Agent; Skin-Conditioning Agent -
100209-50-5 Misc.
222400-28-4

Table 2. Summary of information from suppliers of hydrolyzed wheat protein.**°

Source Method of Manufacture Molecular Weight Nitrogen Content Gluten Content
1 product defatted wheat 3 products enzyme 1 product average MW = 1 product 12-15% 1 product “gluten-free”
germ hydrolysis 350 Da nitrogen

1 product alkaline and
enzyme hydrolysis

1 product average MW =
2200 Da

1 product < 100 ppm
gluten

1 product about 50 ppm
gluten

* Information includes data summarized in Anonymous, 2012.%
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Table 3. Frequency and concentration of use for hydrolyzed wheat gluten and hydrolyzed wheat protein
according to duration and type of exposure.'”*®

Hydrolyzed Wheat Gluten Hydrolyzed Wheat Protein

# of Uses Conc. of # of Uses Conc. of Use
Use (%) (%)
Totals' 75 0.005-0.09 1069 0.00002-1.7
Duration of Use
Leave-On 11 0.005-0.09 519 0.00006-1
Rinse-Off 61 0.005-0.01 542 0.00002-1.7
Diluted for (Bath) Use 3 NR 8 0.00002
Exposure Type
Eye Area 1 0.09 60 0.01-0.9
Incidental Ingestion NR NR 20 0.008-0.03
Incidental Inhalation-Spray?>® 6 0.005 287 0.00006-0.4
Reported Spray® NR NR NR 0.0003-0.5%
Incidental Inhalation-Powder?*® 7 NR 150 0.00006
Reported Powder® NR NR NR 0.05
Dermal Contact 21 0.01-0.09 384 0.00002-1
Deodorant (underarm)-Spray? NR NR NR NR
Reported Spray® NR NR NR NR
Reported as Not Spray® NR NR NR NR
Hair - Non-Coloring 16 0.005 522 0.003-1.7
Hair-Coloring 38 NR 91 0.002-0.3
Nail NR NR 30 0.002-0.04
Mucous Membrane 12 NR 122 0.00002-0.1
Baby Products 3 NR 2 NR

NR = Not reported

1. Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure
types may not equal the sum of total uses.

2. Itis possible these products may be sprays, but it is not specified whether the reported uses are sprays.

3. Use in a spray product has been reported in response to a survey conducted by the Council.

4. It is possible these products may be powders, but it is not specified whether the reported uses are powders.
5. Use in a powder product has been reported in response to a survey conducted by the Council.

6. Not specified whether a powder or a spray, so this information is captured for both categories of incidental
inhalation.

a. 0.03-0.05% in aerosol hair sprays; 0.0003-0.5% in pump hair sprays; and 0.002-0.02% in spray tonics,
dressings, and other hair grooming aids.
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2014 FDA VCRP Raw Data

01A - Baby Shampoos HYDROLYZED WHEAT GLUTEN 2
01B - Baby Lotions, Oils, HYDROLYZED WHEAT GLUTEN 1
Powders, and Creams

02B - Bubble Baths HYDROLYZED WHEAT GLUTEN 2
02D - Other Bath Preparations | HYDROLYZED WHEAT GLUTEN 1
03G - Other Eye Makeup HYDROLYZED WHEAT GLUTEN 1
Preparations

05A - Hair Conditioner HYDROLYZED WHEAT GLUTEN 3
05F - Shampoos (non-coloring) | HYDROLYZED WHEAT GLUTEN 8
05l - Other Hair Preparations HYDROLYZED WHEAT GLUTEN 3
06B - Hair Tints HYDROLYZED WHEAT GLUTEN 38
10A - Bath Soaps and HYDROLYZED WHEAT GLUTEN 8
Detergents

10E - Other Personal HYDROLYZED WHEAT GLUTEN 1
Cleanliness Products

12A - Cleansing HYDROLYZED WHEAT GLUTEN 1
12C - Face and Neck (exc HYDROLYZED WHEAT GLUTEN 6
shave)

01C - Other Baby Products HYDROLYZED WHEAT PROTEIN 2
02B - Bubble Baths HYDROLYZED WHEAT PROTEIN 7
02D - Other Bath Preparations | HYDROLYZED WHEAT PROTEIN 1
03A - Eyebrow Pencil HYDROLYZED WHEAT PROTEIN 1
03B - Eyeliner HYDROLYZED WHEAT PROTEIN 1
03C - Eye Shadow HYDROLYZED WHEAT PROTEIN 1
03D - Eye Lotion HYDROLYZED WHEAT PROTEIN 9
03E - Eye Makeup Remover HYDROLYZED WHEAT PROTEIN 3
03F - Mascara HYDROLYZED WHEAT PROTEIN 22
03G - Other Eye Makeup HYDROLYZED WHEAT PROTEIN 23
Preparations

04C - Powders (dusting and HYDROLYZED WHEAT PROTEIN 1
talcum, excluding aftershave

talc)

05A - Hair Conditioner HYDROLYZED WHEAT PROTEIN 159
05B - Hair Spray (aerosol HYDROLYZED WHEAT PROTEIN 18
fixatives)

05C - Hair Straighteners HYDROLYZED WHEAT PROTEIN 4
05D - Permanent Waves HYDROLYZED WHEAT PROTEIN 6
05E - Rinses (non-coloring) HYDROLYZED WHEAT PROTEIN 1
05F - Shampoos (non-coloring) | HYDROLYZED WHEAT PROTEIN 137
05G - Tonics, Dressings, and HYDROLYZED WHEAT PROTEIN 123
Other Hair Grooming Aids

05H - Wave Sets HYDROLYZED WHEAT PROTEIN 9
051 - Other Hair Preparations HYDROLYZED WHEAT PROTEIN 65
06A - Hair Dyes and Colors HYDROLYZED WHEAT PROTEIN 74
(all types requiring caution

statements and patch tests)

06B - Hair Tints HYDROLYZED WHEAT PROTEIN 1
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06C - Hair Rinses (coloring) HYDROLYZED WHEAT PROTEIN 10
06D - Hair Shampoos HYDROLYZED WHEAT PROTEIN 5
(coloring)

06G - Hair Bleaches HYDROLYZED WHEAT PROTEIN 1
07A - Blushers (all types) HYDROLYZED WHEAT PROTEIN 1
07B - Face Powders HYDROLYZED WHEAT PROTEIN 5
07C - Foundations HYDROLYZED WHEAT PROTEIN 12
O7E - Lipstick HYDROLYZED WHEAT PROTEIN 20
07F - Makeup Bases HYDROLYZED WHEAT PROTEIN 2
071 - Other Makeup HYDROLYZED WHEAT PROTEIN 12
Preparations

08A - Basecoats and HYDROLYZED WHEAT PROTEIN 6
Undercoats

08B - Cuticle Softeners HYDROLYZED WHEAT PROTEIN 2
08C - Nail Creams and Lotions | HYDROLYZED WHEAT PROTEIN 1
08E - Nail Polish and Enamel HYDROLYZED WHEAT PROTEIN 8
08F - Nail Polish and Enamel HYDROLYZED WHEAT PROTEIN 3
Removers

08G - Other Manicuring HYDROLYZED WHEAT PROTEIN 10
Preparations

10A - Bath Soaps and HYDROLYZED WHEAT PROTEIN 72
Detergents

10E - Other Personal HYDROLYZED WHEAT PROTEIN 22
Cleanliness Products

11A - Aftershave Lotion HYDROLYZED WHEAT PROTEIN 4
11G - Other Shaving HYDROLYZED WHEAT PROTEIN 1
Preparation Products

12A - Cleansing HYDROLYZED WHEAT PROTEIN 22
12C - Face and Neck (exc HYDROLYZED WHEAT PROTEIN 66
shave)

12D - Body and Hand (exc HYDROLYZED WHEAT PROTEIN 28
shave)

12F - Moisturizing HYDROLYZED WHEAT PROTEIN 34
12G - Night HYDROLYZED WHEAT PROTEIN 14
12H - Paste Masks (mud packs) | HYDROLYZED WHEAT PROTEIN 12
121 - Skin Fresheners HYDROLYZED WHEAT PROTEIN 2
12J - Other Skin Care Preps HYDROLYZED WHEAT PROTEIN 24
13B - Indoor Tanning HYDROLYZED WHEAT PROTEIN 1
Preparations

13C - Other Suntan HYDROLYZED WHEAT PROTEIN 1

Preparations
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Fiscal 2012 Annual Report
Health and Labour Sciences Research Grant
(Immune-Allergic Disorders Prevention and Treatment Research Project)
A Study on the Condition and Pathology of Anaphylaxis in Adults
Substudy Report

Hydrolyzed Wheat Proteins Sensitization and Challenge Study

Principal Investigator Reiko Teshima Director of Division of Novel Foods and Immunochemistry, National Institute of Health Sciences

Research Staff Reiko Adachi Head of Laboratory 3, Division of Novel Foods and Immunochemistry, National Institute of Health Sciences
Ryosuke Nakamura  Senior Research Fellow, Division of Novel Foods and Immunochemistry, National Institute of Health Sciences
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Abstract:

In recent years, a large number of cases of wheat allergy have been reported in those who have had
long-term use of facial soap containing hydrolyzed wheat proteins (HWPs). This issue has become a major
social problem. In this study project, we have established a mouse model of percutaneous sensitization and
investigated the percutaneous sensitization potentials of Glupearl 19S (an HWP present in a facial soap, Cha
no Shizuku) and related compounds with the experimental model since the last fiscal year. In the present
fiscal year, we further compared the percutaneous sensitization potentials of Glupearl 19S and its starting
material gluten, and investigated the effect of hydrolysis on the percutaneous sensitization potential of gluten.
The study reproduced the results confirming that Glupearl 19S exhibits a potent percutaneous sensitization
potential and demonstrated the utility of this experimental model. The results also indicated that gluten
exhibits an increased percutaneous sensitization potential after undergoing hydrolysis to a certain extent but
showed no percutaneous sensitization potential after further hydrolysis.

Furthermore, to investigate the potential of HWP to elicit cross-reactivity, we conducted an HWP
sensitization test with HWPs that have been acid-hydrolyzed over different time durations and an in
vitro humanized mast cell activation test (EXIiLE) with serum samples from pediatric patients with a
conventional wheat allergy (PedWA). In HWP-sensitized serum samples, acid-hydrolysis increased the
potential for gluten to elicit a response, and further acid-hydrolysis resulted in no apparent attenuation of
such a potential. In the serum samples from PedWA patients, however, the acid-hydrolysis of gluten,
depending on the treatment duration, rapidly attenuated such a potential to elicit a response. In addition, we
fractionated a number of HWPs by size under nondenaturing conditions using ultrafiltration and used the by
EXILE test to analyze the potential of each of the fractions to elicit an IgE response. The results showed that

fractions with of molecular weight of <3kDa exhibit no potential of inducing an IgE response.

A. Objectives

Reports in the past few years have indicated that a
large number of long-term users of a facial soap
containing HWPs (Cha no Shizuku [Drop of Tea]
soap by Yuuka Co., Ltd.) developed allergic
symptoms after consuming wheat products. That
number has reached 1,769 as of January 20, 2013,
according to an epidemiological survey by a Special
Committee of the Japanese Society of Allergology.
Some of these patients showed serious symptoms,
and the issue has become a major social problem.
Potential pathways for sensitization by ingredients in
the facial soap include percutaneous absorption and
permucosal absorption (through the ocular and nasal
mucosae).

This research group is responsible for the HWP
sensitization and challenge study in animal and cell
models, which began in fiscal 2011 and continued
into fiscal 2012. This research is part of the basic
research in “A Study on the Current Condition and
Pathology of Anaphylaxis in Adults,” which by and
large has been conducted to advocate the processing
methods, concentrations, and methods of use of
cosmetics and quasi drugs containing food proteins
with lower antigenicity. The primary goal is to
establish a mouse percutaneous sensitization test
procedure using Glupearl 19S, which comprises of

acid-hydrolysates of wheat proteins present in Cha no
Shizuku soap; to compare the percutaneous
sensitization potential between Glupearl 19S and its
starting material gluten; to investigate the
percutaneous sensitization potentials of HWPs other
than Glupearl 19S; and to examine changes in
sensitization potential of gluten as it undergoes
acid-hydrolysis over different time durations. In
addition, the secondary goal is to employ an in vitro
sensitization test that uses humanized mast cells to
investigate changes in the potential of Glupearl 19S
to elicit a response as it undergoes acid-hydrolysis
over different time durations and to assess the
molecular size of hydrolysates that exhibit a potential
to elicit a response.

B. Methods
Preparation of antigen suspensions

Katayama Chemical Industries Co., Ltd. supplied
Glupearl 19S. Gluten (Sigma G5004) and Glupearl
19S powder, respectively, were suspended in 1M Tris
(pH 11.4) to make 100 mg/mL and left standing at
room temperature overnight to vyield the stock
suspensions. The stock suspensions were diluted
10-fold with PBS and adjusted to a pH near 8 before
use for percutaneous sensitization.
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The acid-hydrolysis of gluten for (i) animal
experiments was achieved by first diluting the gluten
stock suspension to a final gluten concentration of 40
mg/mL and adjusting to pH 1 with 1 N hydrochloric
acid, and then heating on a heating block at 100°C for
05,1, 2, 3,6,9, 12, 24, and 48 hours. At each time
point, a sample of the suspension was neutralized
with 1.5 N sodium hydroxide solution to stop the
hydrolysis reaction, and then diluted with PBS to a
final gluten concentration of 10 mg/mL. The O-hour
hydrolysis sample was prepared by adding the gluten
stock suspension to a pre-neutralized 1 N
hydrochloric acid solution to a concentration of 40
mg/mL without heating. The acid-hydrolysis of
gluten for (ii) cell experiments was achieved by
adding the stock suspension to 0.1 N hydrochloric
acid to a concentration of 1 mg/mL and then heating
on a heating block at 100°C for 0.5, 1, 3, 6, 9, 12, 24,
and 48 hours. At each time point, a sample of the
suspension was neutralized with 0.1 N sodium
hydroxide solution to stop the hydrolysis reaction.
The 0-hour hydrolysis sample was prepared by
adding the gluten stock suspension to a
pre-neutralized 0.1 N hydrochloric acid solution to a
concentration of 1 mg/mL without heating.

The extent of hydrolysis was checked by SDS
electrophoresis  with  10%-20% or 15%-25%
acrylamide gel (DRC Co., Ltd.).

Simple fractionation of HWP suspensions by
ultrafiltration

The acid-hydrolyzed HWPs prepared as described
above and Glupearl 19S (0.5 mg/mL) were
fractionated with ultrafiltration spin  columns
(Microcon/Amicon Ultra, Millipore) into 10 kDa
high-molecular-weight (HMW) fraction and 3 kDa
low-molecular-weight (LMW) fraction, and each
fraction was returned to its original volume. For
convenience, concentrations of HWPs after
fractionation were expressed in terms of
pre-fractionated HWP-equivalent.

Percutaneous sensitization experiment in mice
Animals used were Japan SLC-supplied 7-week
old female BALB/c mice given the MF feed (Oriental
Yeast Co., Ltd.). A total of 5 to 10 animals were
assigned to each group. The skin on the dorsal-lateral
area of each animal was shaved when the animal
reached 8-week old (Day 0). The antigen suspension
was applied on the shaved skin with a patch to
sensitize the animal percutaneously for 3 days
beginning on the next day (Days 1-3). The patches
applied on the shaved skin were prepared by cutting
patch tester TORII (Torii Pharmaceutical Co., Ltd.)
into 2 cm x 2 cm squares, and the pads were soaked
with 50 pL of the antigen suspension (500 pg of
protein). The patch testers were taped with surgical
tape to protect the patch. Animals also wore the
Elizabethan collar to prevent the patch from peeling
off. After 3 days of sensitization, the patches were
removed (Day 4). Animals were given a 4-day rest
period subsequently. After the 7-day routine (i.e. a
3-day sensitization period followed by a 4-day rest)

was repeated four times, the sensitized animals were
tested for antigen-specific IgE antibodies and 1gG1
antibodies by ELISA. On Day 25, animals were
challenged intraperitoneally (i.p.) with 1 mg/100 pL
of the sensitizing antigen to induce allergic response.
At 30 minutes post-i.p., the rectal temperature in the
animals was measured to determine the change.
Further, animals were observed for anaphylactic signs,
which were scored according to the criteria provided
in Table 1. At 30 minutes post-challenge, whole
blood samples were collected from animals under
anesthesia for measurements of plasma histamine
concentration by Histamine EIA Kit (SPI-BIO).
Experiment 1

Table 2 presents a list of the sensitizing antigens;
Fig. 1, the sensitization schedule. Groups of 8
animals each were studied to investigate the
percutaneous sensitization potentials of Glupearl 19S
and gluten. Further, to investigate the effect of the
coexistence of a surfactant at sensitization, 1 group of
animals received an antigen suspension spiked with
sodium lauryl sulfate (SDS) to a final concentration
of 0.5%.
Experiment 2

Table 2 presents a list of the sensitizing antigens;
Fig. 1, the sensitization schedule. To confirm the
percutaneous  sensitization  potential of  the
alkaline-hydrolyzed wheat protein HWP-D (acquired
through the Japan Cosmetic Industry Association),
which exhibited a relatively potent sensitization
potential in the study conduct last fiscal year, a retest
was conducted on groups of 10 animals each.
Experiment 3

Table 2 presents a list of the sensitizing antigens;
Fig. 1, the sensitization schedule. The percutaneous
sensitization potentials of acid-hydrolysates of gluten
that have been hydrolyzed over different durations
were investigated. The acid-hydrolysis of gluten was
performed as directed above. Neutralized suspensions
were spiked with SDS to a final concentration of
0.5% and used as antigen in the sensitization by patch.
The unhydrolyzed gluten (A Oh), hydrolyzed gluten
that showed a SDS-PAGE pattern the same as that by
Glupearl 19S (A 0.5h), and hydrolyzed gluten that
showed a SDS-PAGE pattern with practically no
protein bands of >30 kDa (A 9h) were tested as
antigens in groups of 5 animals each.

In_vitro allergic response challenge test with
humanized mast cells

The humanized mast cells used were a cultured rat
mast cell line (RS-ATLS8 cells) stably transfected with
a transcription factor NF-AT-controlled firefly
luciferase-expressing reporter gene and a human
FceRI gene.®” The cells were seeded at 5 x 10*
cells/50 pL per well in a 96-well white clear bottom
plate, sensitized with 100-fold diluted HWP, added
with the PedWA (pediatric patients with a
conventional wheat allergy) serum or the serum from
a patient with a conventional wheat-dependent
exercise-induced anaphylaxis (CO-WDEIA), and
incubated overnight. The wells were washed 3 times
with PBS using a cell washer (Tecan HydroSpeed).
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Next, the cells were stimulated with different HWP
antigens suspended in MEM medium supplemented
with 10% inactivated fetal bovine serum and
incubated for 3 hours. Then a homogenous substrate
One-GLO™ (Promega) was added, with the emitted
luminescence measured with a luminometer EnVision
(PerkinElmer). The measurements were conducted in
duplicates, and cell activations were expressed as
relative values, with the luminescence from the cells
given no antigen stimulation as 1.

Statistical Analysis

(i) Animal study data were tabulated with
Microsoft Excel and analyzed with the IBM SPSS
Statistics software by the Dunnett’s test versus the
vehicle (V) group and the Tukey’s multiple
comparison test, with the significant level set to p <
0.05.

(i) The changes in luciferase expression in the cell
experiment were analyzed by the Steel’s method
based on changes relative to the luminescence from
the negative control, the serum sample of a healthy
human subject.

(Ethical considerations)

Efforts were made to minimize suffering of
animals in percutaneous sensitization and blood
sampling, and animal care/management were carried
out in accordance with the institute’s regulations.
These experiments were conducted after approvals by
the animal ethics review committee of the National
Institute of Health Sciences.

C. Results
(a) Percutaneous sensitization study in mice
Experiment 1

The percutaneous sensitization potentials of
Glupearl 19S and gluten as well as the effect of a
surfactant (SDS) at sensitization were investigated.

Fig. 2-1 shows the levels of mouse serum
antigen-specific antibodies at 4 weeks
post-sensitization. A and B show the results for
Glupearl 19S-specific IgE and 1gG1, respectively. In
both the group sensitized with a combination of SDS
and Glupearl 19S (HS) and the group sensitized with
Glupearl 19S alone (H), blood IgE and 1gG1 levels
increased significantly compared with the vehicle
group (V). In addition, C and D show the results for
gluten-specific IgE and 1gG1, respectively. The blood
IgE and IgG1 levels increased significantly in the
group sensitized with a combination of SDS and
gluten (GS) compared with those in the V group. In
the group sensitized with gluten alone (G), no
significant increase in 1gGl level was noted.
Furthermore, the significant response to Glupearl 19S
seen in the GS group (A, B) and the significant
response to gluten seen in both the HS and H groups
(C, D) indicated the presence of cross-reactivity
between Glupearl 19S and gluten.

Fig. 2-2 shows the anaphylactic responses after
intraperitoneal antigen challenge. A shows the

changed in rectal temperature at 30 minutes
post-challenge. The body temperature at 30 minutes
post-challenge decreased greatly by a mean of 3.5
degrees in the HS group and by a mean of 2.7 degree
in the H group compared with that in the V group.
Further, a decrease of 2.1 degree in body temperature
was noted even in the GS group. The difference from
the body temperature in the V group was significant
in all 3 groups. Meanwhile, no body temperature drop
was noted in the G group. B shows the blood
histamine  concentrations at 30  minutes
post-challenge. In the H group that showed a great
decrease in body temperature, the blood histamine
concentration increased greatly. However, in the HS
group, which had the greatest decrease in body
temperature, no increase in histamine concentration
was noted (this will be discussed later). In the GS and
G groups, no marked increase was noted in histamine
concentration. C shows the scores of anaphylactic
signs 30 minutes post-challenge. The mean score was
high (3.25) in the HS group and 2.25 in the H group.
Meanwhile, the score was 1.0 in the GS group and
low (0.5) in the G group.

Experiment 2

HWP-D, one of the HWPs other than Glupearl 19S
that were studied in fiscal 2011, was retested.

Fig. 3-1 shows the levels of antigen-specific
antibodies generated at 4 weeks post-sensitization. In
both the Glupearl 19S group (19S) and HWP-D
group, the percutaneous sensitization markedly
increased the blood levels of antigen-specific IgE and
IgG1 at 4 weeks post-dose.

Fig. 3-2 shows changes in body temperature 30
minutes post-challenge (A), scores of anaphylactic
signs (C), and blood histamine concentrations at 30
minutes post-challenge (B). Body temperatures
decreased greatly (A) by a mean of 2.5 degrees in the
19S group and by a mean of 2.2 degrees in the
HWP-D group compared with those in the V group.
The blood histamine concentration at 30 minutes
post-challenge increased greatly in both the 19S
group and the HWP-D group (B) compared with that
in the V group. The scores of anaphylactic signs were
also high in both groups: a mean of 3.0 in the 19S
group and 2.8 in the HWP-D group (C). A, B, and C
all showed an equivalence between the 19S group
and the HWP-D group.

Fig. 3-1 shows increased blood levels of
sensitizing antigen-specific IgE and 1gG1 at 4 weeks
post-sensitization. The extent of reactivity exhibited
by the respective sensitizing antigen-specific
antibodies against the other antigen was evaluated by
ELISA. The results are shown in Fig.3-3. A shows the
results of an ELISA test with Glupearl 19S as the
solid-phase antigen, and B shows those with HWP-D
as the solid-phase antigen. As with Fig. 3-1, A shows
a reactivity in the Glupearl 19S group but also a
reactivity in the HWP-D group as well; significant
differences were noted compared with the V group. B
also shows that a reactivity was noted in the Glupearl
19S group beside the HWP-D group; again,
significant differences were noted compared with the
V group. These results suggested the presence of
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cross-reactivity between Glupearl 19S and HWP-D.
Experiment 3

Acid-hydrolysates of gluten, similar to Glupearl
19S, were prepared to investigate their percutaneous
sensitization potentials.

Fig. 4-1 shows the SDS-PAGE pattern with respect
to time, as gluten underwent hydrolysis. At 0.5 hour,
the SDS-PAGE pattern was similar to that of
Glupearl 19S, with a broad smear in the molecular
weight < 70 kDa region. As time progressed, the
bands in the high-molecular-weight region
disappeared, and migrated to the
low-molecular-weight region. Based on this pattern,
the non-hydrolyzed gluten (AOh), the 0.5-hour
hydrolysates (A0.5h), which exhibited a pattern
similar to that of Glupearl 19S, and the 9-hour
hydrolysates (A9h), which is mostly comprised of
<30 kDa, were isolated; their percutaneous
sensitization potentials in mice were studied.

Fig. 4-2 shows the levels of antigen-specific
antibodies produced at 4 weeks post-sensitization.
Increases in antigen-specific IgE levels were noted in
the Glupearl 19S (19S) and the AO0.5h groups (A).
Furthermore, increases in 1gG1 levels were noted in
the 19S, the A0.5 h, and the AOh groups (B).

Fig. 4-3 shows the anaphylactic responses after
intraperitoneal antigen challenge. As shown in A, the
rectal temperature decreased by a mean of 4.8°C in
the 19S group (compared to the V group at 30
minutes post-challenge). In the A0.5h group, an
equally large decrease of 4.4°C was noted. At the
same time, the decrease was 1.2°C in the AOh group,
1.8°C in the A9h group, showing no significant
deviation from the V group. The blood histamine
concentration at 30 minutes post-challenge increased
substantially in the 19S group, and increased
significantly in the A0.5h group (B). C shows the
scoring system to indicate anaphylactic signs. The
mean score was high at 3.0 in both the 19S and A0.5h
groups. The score was slightly lower, however, at 1.6
in both the AOh and A%h groups.

(b) In vitro allergic challenge test with humanized
mast cells

(i) SDS electrophoretic analysis of changes in
molecular weight of acid-hydrolyzed gluten

Acid-hydrolyzed gluten was analyzed by 15-25%
SDS electrophoresis. For non-hydrolyzed gluten, a
large number of bands were observed in the 30 - 40
kDa region. Upon initiation of hydrolysis, the bands
were observed in a broader region, from low (several

kDa) to high molecular weight (several hundred kDa).

Subsequently, the mean molecular weight decreased
as time progressed (Fig. 5-1A; as presented in the
fiscal 2011 report). After 12 hours of hydrolysis,
almost all hydrolysates were of apparent molecular
weight of <10 kDa. However, note the mobility in
SDS electrophoresis is generally premised on the
condition that the amount of bound SDS (negative
charge) per unit weight is constant.?

(ii) Analysis of IgE response to acid-hydrolyzed
gluten using serum samples of various wheat allergy

patients
IgE responses to the above-mentioned hydrolyzed

gluten and Glupearl 19S were analyzed using serum
samples of various wheat allergy patients and a
humanized mast cell line.* Specifically, serum
samples were collected from 8 healthy subjects, 10
patients sensitized by Glupearl 19S (HWP), 8
pediatric wheat food allergy (pedWA) patients, and 9
conventional ~ wheat-dependent  exercise-induced
anaphylaxis (CO-WDEIA) patients. RS-ATL8 cells
were sensitized overnight with serum samples diluted
100-fold. After rinsing, the cells were stimulated with
0-, 1-, 6-, and 12-hour acid-hydrolyzed HWPs and
Glupearl 19S at 37°C for 3 hours. The responses
observed are shown in Fig. 5-1B. With the serum
samples from HWP patients, no response to the
non-hydrolyzed gluten was noted, but responses to
hydrolyzed gluten were marked and attenuated along
with the duration of hydrolysis. The responses to
Glupearl 19S were also strong. Meanwhile, with the
serum samples from PedWA patients, the response to
the un-hydrolyzed gluten was the strongest, and the
response attenuated along with the duration of
hydrolysis. The PedWA serum also showed a
response to Glupearl 19S. Lastly, with the serum
samples from CO-WDEIA patients, other than a weak
response to the un-hydrolyzed gluten, no responses to
the HWPs were detected.

(iii) Analysis of the relationship between various
HWP molecular weights using ultrafiltration and IgE
response

As stated above, there is a broad distribution of
apparent molecular weights of acid-hydrolyzed
HWPs and Glupearl 19S, from several kDas to
hundreds of kDas (Fig. 5-1A). Generally, as
hydrolysis progresses, the molecular weights of
antigens decrease, making them unable to crosslink
with the 1gE on mast cells.” To investigate (by the
EXILE method) which fractions of hydrolysates the
serum IgE from HWP patients would react to,
Glupearl 19S was fractionated into different
molecular-weight ~ fractions by  consecutive
fractionation with 10-kDa and 3-kDa cut-off
ultrafiltration spin columns.

As shown in Fig. 5-2, the IgE from this HWP
patient (42-year old female) showed a response of
>2-fold the background to a mere 10 fg/mL of
Glupearl 19S. The responses to the >10 kDa fraction
differed very little from those to the whole Glupearl
19S. With the 3-10 kDa fraction, the concentration of
antigen required for activation increased substantially
compared with that of the pre-fractionated Glupearl
19S. With the <3 kDa fraction, no responses were
detected. Please note that all concentrations shown
here have been converted to values of the
pre-fractionated Glupearl 19S-equivalent.

Next, the serum sample from the same patient was
used to analyze O0-, 1-, 6-, and 12-hour
acid-hydrolysates of gluten that have been separated
into the 3 kDa and 10 kDa fractions. No responses to
the un-hydrolyzed gluten were detected. The IgE
responses to gluten hydrolysates decreased as the
duration of hydrolysis increased (Fig. 5-3). No
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responses were detected against the <3 kDa fractions
just as in the test against Glupearl 19S.

D. Discussion
(a) Percutaneous sensitization study in mice

To investigate the causal relationship between the
use of Cha no Shizuku soap and wheat food allergy,
the percutaneous sensitization study in mice has been
conducted since the last fiscal year. Sensitization to
mice was achieved after 3 to 4 (3 to 4 weeks)
repeated sensitizations applied on the skin with
patches soaked with Glupearl 19S, as demonstrated
by allergic signs (anaphylaxis) induced by a
subsequent intraperitoneal injection of the antigen.
These results are consistent with those reported by
other groups: that is, sensitizations by food proteins
can occur percutaneously.’®*? In the present fiscal
year, the study conducted in the last fiscal year was
repeated with a larger number of mice per group to
improve the reliability of the study, and additional
studies were also conducted to study the subject more
extensively.

The study conducted last fiscal year in groups of 5
animals each showed that Glupearl 19S and gluten
exhibit percutaneous sensitization potentials and that

the co-presence of a surfactant promotes sensitization.

The study (Experiment 1) was repeated; this time
with groups of 8 mice each to improve the reliability
of experiment conditions. The results showed that
Glupearl 19S clearly exhibits a percutaneous
sensitization potential, with a peritoneal injection
inducing potent signs of anaphylaxis in sensitized
animals, and that gluten also sensitized the animals in
the presence of SDS, but the subsequent signs of
anaphylaxis were weaker than those seen in Glupearl
19S-sensitized animals. These results were practically
the same as those obtained in the study conducted in
the last fiscal year, demonstrating that this
experimental model is very useful for investigating
percutaneous sensitization potentials of proteins.
Further, as shown in Fig. 2-1, the study also yielded
an interesting finding: a cross-reactivity between
Glupearl 19S and gluten. The results also showed that
SDS promotes sensitizations, which may be
attributable to an increased cutaneous permeability
for protein antigens or an adjuvant effect on the
cutaneous immune system. As shown in Fig. 2-2, the
blood histamine levels remained low despite marked
decreases of body temperature and signs of
anaphylaxis in the HS group. While no apparent
reasons are known, one possible hypothesis is that
when sensitization progresses well, the mast cells
may be stimulated to some extent and begin to
release histamine gradually in the latter half of the
sensitization process, making the post-challenge
increase in blood histamine level more moderate.

In fiscal 2011, HWPs other than Glupearl 19S were
screened for their percutaneous sensitization
potentials, and the results showed that HWP-D, an
alkaline-hydrolyzed wheat protein, exhibits a
sensitization potential slightly weaker than that

shown by Glupearl 19S. Experiment 2 in the present
fiscal year was conducted to confirm the
percutaneous sensitization potential of HWP-D by
repeating the test under conditions to improve
reliability, using groups of 10 mice each. The results
showed the generation of specific antibodies and
signs of anaphylaxis after a peritoneal challenge,
confirming that HWP-D exhibits a percutaneous
sensitization potential that is almost equivalent to that
of Glupearl 19S. Further, as shown in Fig. 3-3, a
cross-reactivity between the two was observed.

Glupearl 19S is gluten hydrolysates prepared by
treating it with heat under acidic conditions. In
Experiment 3, acid-hydrolysis of gluten was
performed by the same procedure over different
durations to provide samples hydrolyed to various
degrees to consider their percutaneous sensitization
potentials. The 0.5-h hydrolysates (A0.5h) showed an
SDS-PAGE pattern similar to that of Glupearl 19S
and  exhibited a  sensitization and an
anaphylaxis-inducing potential that is comparable to
Glupearl. In contrast, the un-hydrolyzed gluten (AOh)
and extensively hydrolyzed 9-h hydrolysates (A9h)
exhibited weak sensitization and
anaphylaxis-inducing potential. These results showed
that Glupearl 19S or AO0.5h, which has been
acid-hydrolyzed to some extent, exhibits a
sensitization potential greater than that of gluten,
which is their starting material, and that the more
extensively hydrolyzed gluten hydrolysates such as
A9h have a relatively low sensitization potential. In
Glupearl 19S and A0.5h, hydrolysis has changed the
gluten  structure slightly, causing typically
non-epitope sequences to behave like the epitope,
possibly giving the gluten hydrolysates an increased
antigenicity.

(b) In vitro challenge test with humanized mast cells

The results of SDS electrophoresis showed a very
broad distribution of acid- and heat-treated gluten
hydrolysates, with molecular weights ranging from
several kDa to several hundred kDa (Figure. 5-1A).
However, as stated above, note that the mobility in
SDS electrophoresis does not always reflect the
actual molecular weight. Specifically, any substantial
change to the surface electrical charge on a protein
will result in a change to the amount of the
negatively-charged SDS molecules bound to the
protein, which often results in a change of mobility
on electrophoresis.*

When proteins are heated in the presence of an
acid, the reactions that can occur include cleavages of
the peptide bonds and deamidation of glutamine and
asparagine residues.** Gluten is a protein having a
very high glutamine content. Thus, the deamidation
of glutamine residues into glutamate residues in the
gluten molecule will result in many negative charges.
These negative charges make binding of the SDS
molecules more difficult, which may have
contributed to the change in mobility on
electrophoresis or the apparent molecular weight.
Therefore, it is important to know the molecular
weight (molecular size) of non-denatured gluten
hydrolysates.
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Various HWPs were fractionated by size with a
simple technique using ultrafiltration membrane
without using SDS. The fractions were then analyzed
for IgE response by the EXIiLE method. The results
indicated that the <3 kDa fraction of both Glupearl
19S and acid-hydrolyzed gluten exhibits no potential
to induce IgE responses (Fig. 5-1, 5-3B). As
cleavages of the peptide backbone progress with
hydrolysis, the antigen molecule has become less
effective for inducing a crosslink with IgE. The
results from SDS electrophoresis alone indicated that
the fraction of peptides with an apparent molecular
weight of <3 kDa increased with the extent of
hydrolysis, which is consistent with the results of IgE
response. Both the EXILE method and the size
fractionation by ultrafiltration spin columns can be
conducted without denaturing the peptides. The two
procedures combined make it possible to analyze the
molecular size of antigen under a near physiological
condition, using the IgE response as an indicator.

E. Conclusions

The mouse model of percutaneous sensitization
used in the study last fiscal year was again used in a
study focused on Glupearl 19S. The study results
obtained reproduced results showing that Glupearl
19S exhibits a strong percutaneous sensitization
potential and demonstrated the utility of this
experimental model. The results also showed that
HWP-D, one of the HWPs, exhibits a percutaneous
sensitization potential as well as a cross-reactivity
with Glupearl 19S. Further, the results of studies on
acid-hydrolysates of gluten indicated that gluten
exhibits an increased percutaneous sensitization
potential after undergoing hydrolysis to a certain
extent but showed no percutaneous sensitization
potential after further hydrolysis. In addition, the in
vitro challenge study of serum samples from patients
who were Cha no Shizuku soap-users also showed
that Glupearl 19S has a higher inducing potential than
gluten and that the epitope present in proteins of a
relatively high molecular weight of >3,000 is
involved in the induction.

(References)

1) Fukutomi Y, Itagaki Y, Taniguchi M, Saito A,
Yasueda H, Nakazawa T, Hasegawa M, Nakamura H,
Akiyama K. Rhinoconjunctival sensitization to
hydrolyzed wheat protein in facial soap can induce
wheat-dependent exercise-induced anaphylaxis. J
Allergy Clin Immunol 2010; 127 (2): 531-533.

2) Wang JS, Zhao MM, Zhao QZ, Bao Y, Jiang YM.
Characterization of hydrolysates derived from
enzymatic hydrolysis of wheat gluten. J Food Sci
2007; 72(2): 103-107.

3) Bouchez-Mahiout I, Pecquet C, Kerre S, Snégaroff
J, Raison-Peyron N, Lauriére M. High Molecular
Weight Entities in Industrial Wheat Protein
Hydrolysates Are Immunoreactive with IgE from
Allergic Patients. J Agric Food Chem 2010; 58:

4207-4215.

4) Lauriére M, Pecquet C, Bouchez-Mahiout I,
Snégaroff J, Bayrou O, Raison-Peyron N, Vigan M.
Hydrolysed wheat proteins present in cosmetics can

induce immediate  hypersensitivities.  Contact
Dermatitis 2006; 54: 283-289.

5) Lauriére M, Pecquet C, Boulenc E,
Bouchez-Mahiout |, Snégaroff J, Choudat D,

Raison-Peyron N, Vigan M, Branlard G. Genetic
differences in omega-gliadins involved in two
different immediate food hypersensitivities to wheat.
Allergy 2007; 62: 890-896.

6) Nakamura R, Uchida Y, Higuchi M, Nakamura R,
sensitive allergy test: IgE crosslinking-induced
luciferase expression in cultured mast cells. Allergy
2010 Oct; 65(10):1266-73

7) Nakamura R, Ishiwatari A, Higuchi M, Uchida Y,
Nakamura R, Kawakami H, Urisu A, Teshima R.
Evaluation of the luciferase assay-based in vitro
elicitation test for serum IgE. Allergol Int. 2012 Sep;
61(3):431-7

8) Reynolds JA, Tanford C. Binding of dodecyl
sulfate to proteins at high binding ratios. Possible
implications for the state of proteins in biological
membranes. Proc Natl Acad Sci U S A. 1970 Jul;
66(3):1002-7.

9) Akiyama H, Sakata K, Yoshioka Y, Murata Y,
Ishihara Y, Teshima R, Sawada J, Maitani T. Profile
Analysis and Immunoglobulin E Reactivity of Wheat
Protein Hydrolysates. Int Arch Allergy Immunol 2006;
140: 36-42.

10) Hsieh KY, Tsai CC, Herbert Wu CH, Lin RH.
Epicutaneous exposure to protein antigen and food
allergy. Clin Exp Allergy 2003; 33: 1067-75.

11) Strid J, Callrd R, Strobel S. Epicutaneous
immunization converts subsequent and established
antigen-specific T helper type 1 (Thl) to Th2-type
responses. Immunology 2006; 119: 27-35

12) Strid J, Hourihane J, Kimbert I, Callrd R, Strobel
S. Epicutaneous exposure to peanut protein prevents
oral tolerance and enhances allergic sensitization.
Clin Exp Allergy 2005; 35: 757-66.

13) Matagne A, Joris B, Frére JM. Anomalous
behaviour of a protein during SDS/PAGE corrected
by chemical modification of carboxylic groups.
Biochem J. 1991 Dec 1; 280 (Pt 2):553-6.

14) Wright HT. Nonenzymatic deamidation of
asparaginyl and glutaminyl residues in proteins. Crit
Rev Biochem Mol Biol. 1991; 26(1):1-52

F. Health Risk Information
None

G. Publications

1. Research paper publication

1) Adachi R, Nakamura R, Sakai S, Fukutomi Y,
Teshima R. Sensitization to acid-hydrolyzed wheat
protein by transdermal administration to BALBI/c
mice, and comparison with gluten. Allergy 2012;
67:1392-1399.



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

2) Nakamura R, Nakamura R, Adachi R, Itagaki Y, None
Fukutomi Y, Teshima R. Evaluation of Allergenicity

of Acid-Hydrolyzed Wheat Protein Using an in vitro

Elicitation Test. Int Arch Allergy Immunol 2012; 160:

259-264.

3) Teshima R: HWP-induced allergies.
Farumashia 2013; 49(2); 116- 120

2. Conference presentation

1) Adachi R, Nakamura R, Sakai S, Fukutomi Y,
Teshima R. Study on percutaneous sensitization by
HWP in a mouse model. The 24th Spring Meeting of
Japanese Society of Allergology (May 2012)

2) Nakamura R, Nakamura R, Adachi R, Itagaki Y,
Fukutomi Y, Teshima R. A comparison of IgE binding
potentials and elicitation potentials of
acid-hydrolyzed wheat. The 24th Spring Meeting of
Japanese Society of Allergology (May 2012)

3) Nakamura R, Nakamura R, Adachi R, Itagaki Y,
Matsunaga K, Fukutomi Y, Teshima R. An evaluation
by in vitro activation test of cross-reactivity of IgE
from patients sensitized by soap containing
acid-hydrolyzed wheat. The 24th Spring Meeting of
Japanese Society of Allergology (May 2012)

4) Nakamura R, Nakamura R, Sakai N, Adachi R,
Itagaki Y, Fukutomi Y, Teshima R. Analysis of IgE
responses in serum samples from patients sensitized
with soap containing acid-hydrolyzed wheat. The
19th Annual Meeting of the Japanese Society of
Immunotoxicology (September 2012)

5) Adachi R, Nakamura R, Sakai N, Fukutomi Y,
Teshima R. A comparative analysis of percutaneous
sensitization potentials of HWPs with a mouse model.
The 62nd Annual Meeting of Japanese Society of
Allergology (November—December 2012)

6) Kitano T, Yamashita H, Adachi R, Teshima R,
Fukutomi Y, Matsunaga K, Inagaki N, Tanaka H.
Effects of oral load of antigen on mice systemically
sensitized with hydrolyzed wheat powder. The 62nd
Annual Meeting of Japanese Society of Allergology
(November—December 2012)

7) Nakamura R, Nakamura R, Sakai N, Adachi R,
Fukutomi Y, Teshima R. Analysis of effects of
molecular size on allergenicity of HWPs by the
EXILE method. The 85th Annual Meeting of the
Japanese Biochemical Society (December 2012)

8) Adachi R, Nakamura R, Sakai S, Fukutomi Y,
Teshima R. Sensitization to acid-hydrolyzed wheat
protein by transdermal administration to BALBI/c
mice. 52" Society of Toxicology Annual Meeting
and ToxExpo (2013. 3)

H. Intellectual Property Filing and Registration
(including any pending filling and registration)
1. Patent

None

2. Utility model registration
None

3. Other



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

[SFARk 24 4 A ]
JE A BRI B BN A (T L L — IR R TR - IRIEFEE )
A E DT F 7 4 FF% L —nIEhe LRI B4 20158
SRR

ks ENED RN - BEEICET SHR

WS EE F R B ENVERLESEANZEST G R
WoEmhE % #E B o ESZERLEOEEZETT REERTEE B 3EER
oA sm A ESZEIES R AT REERTE R
B K ESLEESRMAEANEET REERTES FEFRE
oA BOF ESERSRAEATEET REERTES A
WFEEE

UTAE KR/ N (HWP) &84 92U A iR OF B HIC X0/ 2T VAKX — &2 RBIE T HE6 )N
B HESN AR RE R E/e>TD, RIFIETIX, FEFEE LD ~ T 2% 3 288 R KAE
AR AL | ZORBAREZHW T, BOLTHRICE A SIV TR R NS _TETohDH T
L= b 19S K OB EE O BB EMEIC DUV TRET 2D TE Tz, ARAEE T, 51 &t Z0iRBR %
W, 70— L 198 EZDRENCH AT VT2 DR FEAEMED Ui | MoK 38D T T DR R A EM:
(252 DR BT ONWT, ERDRFTE T o7, ZOREFR, 7V 3—)L 198 M358 R RS EME A2 3258
WZOWTHEBEOHLMERNELN, KRB AOH AN RENT, Flo, VT OINKDIRDBHHFE
FEHETT L7 R E TIIRR R IAEME S B KL, SOITHIK 3 iR 23 A T35 LR R A EME IRTE R 9D 2 VR E
iz,

7o, HWP DA X EEREDIRETEL T, BEK /3 i Rg i 0 8702 HWP Z - T HWP EERB L OEk
D /NRINE T L LE — B (PedWA)IMLIFIZES in vitro EME~ A& AL (EXILE) BRZ1T-72
L= A HWP AL CIEEE IR S FRIC L0 7 VT O HREREN B F L BRI S R A Ch F DA
RV LIZUME AN Z 8o 7228, PedWA A 1L Tl 7 V7 2 OFENNIK 53 fR O SLERIRF RIS U CAR
EEREI TN LT, Fi, FRANAIENEA VY, & FE HWP 2R T CH A X |iL , ZE O]
73D gE JEEMEZE EXILE JEIZRVIRITLT2L2 A, 431845y -5 3kDa LA T D# 431213 IgE BUSEZ 7589

DEESIDNRNZEDREN T,

A. HIEE®

VAR KSR/ N (HWP) 28B4 A1 A
R (SO T RIS E I E) OE I HIC X
D, NEREEERLBRICT VLY —ERE R
HEMINE S L ESN TS, BART L LX —2%
LUFRIE B S OEEREICBIT SR 25 4£ 1 H
20 HHBUEDEFPE&RENT 1,769 HllZEL TWD, =
NoEOBRFITITEERIERH L AEESICKER
L7725 TND, TEEA RO EVIEIES R
DRI EL T, B DRINSNDRERERIE, HD
WMT B B D RSB DI S D R K IR AE N 5
ZHD,

FIEOTN—TTIE, THAMBE DT 7 4T5%
—DERELIHAEIZBI DL ) D EEREH o H T
FoHiEMDIRWEY & R B DLBES . I
NZEFEE A O T 535, R, 6 o4
EATLHZEEREREEL, FRK 24 FREI, T
B% 23 AREEICHEE ., B, MR T LA VLD IIK
Iy R N DA EME I ONC AL RE I RS 3 A F9E 240
UL Tz, Z2DOLFUTE FN T/ N ER N K 45 17
Y CHHT N = 19S FHANTTAEHWDRE
FEEAVERBR D FIEE ML 3D e, Z 3 —)1 198

EZEDIFEFCHDT VT v DR EAEMED g 7
JLox—)v 198 LISND KGR/ INF 5 o X D%
FAEYED R EL, W NS VT DRI R D
R EAIC Z D BAERED AL OB ET EATHOZ L&
—OHEELLT, o, eEME~ANMIEZ VD in
vitro 25 aBR A2 VT Z 08— L 198 W TN R
TN G5 fR DRI KD FHRERE D AL DB FT .
W NCEERREZ RS+ AXIZ OV THIRETT
AZLEE T OHELLE,

B. MtRAE
PR R O 3 )

7 Vs3—)b 198 3R b TR ARV A
FL7, Z/vT 2 (Sigma G5004) B LT L 3—)v
19S K% 100 mg/mL &72589 1M Tris (pH 11.4)
WMZ TREL, KERIRICHEL CAN BB
WAAERLU 7o, BRERAEICII ANy 7 ik % PBS
T 10 {5 AL, pH % 8 LI L7=b D%
77

T T  DERINK ST R OWTIE, () B 5
R, 7 VT DA 78 IBIRC, 7 VT AR
J& 40 mg/mL 7>2 pH1 L7205 1912 IN AN




Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

100°Coe—h7 7 . 05,1, 2,3, 6,9, 12, 24,
48 FERINNENL 7=, FTE DR % . 1.5N KER{L
TRV BRI % N ZCHR AN UK 4 it 5 i 215
U7t VT HEIRE 10 mg/mL 72591
PBSIZCAIR LTz, i O BE oW 7 L%, AN
M T O P RUT RIS VT v Ay 7 R R
% 40 mg/mL Iz NEIA TSI 7=, (ii)#m
Ja s X, 7 v T o OEEIKfRIZIX, 0.1N
W RIC AN 78RR E 1 mgiml 722519 0%.,
100°CHOt—Fr7my 27 T 0.5, 1. 3. 6. 9. 12, 24,
48 FERININENL 7=, FTE DO RFERE %, 0.1N /KER{L
TRV LKA THRIL . MK 43 iR SO 245 1 L
77, 0 RO EHE, 0.1 N HEeE T hiL-IA
RN VT ANy 78RR Z 1 mgiml £7e5 89
Nz INBNFAT D707,

TR A FROMEITIZ., 10-20% £7- 1%, 15-25%7 7V
NTIRT L (D.R.CEEASAE) 2z SDS A
PRENC LR LT,

oK 53 /32 (HWP) BRI D BRI At 12 15 1l
o wail]

AT O Z ESVERIL 7B N K 43 i HWP BE Y
73—/ 19S(0.5mg/ml) % | [RAL A AL 15
2 (Microcon/Amicon Ultra, IURT) Z AW T, 4
B4y - & 10kDa %7~ 1% 3kDa T&E 4> T &1 (HMW)
LRSS F B (LMW) 2 EL, ZNEFR TR
BECART v LIz, ZDEE, 4yEith D FE HWP
OFFET, FE LA ERTO HWP A Bl L CET
Z&klLT,

~ 7 A% TR R A E S ER

Wi, 7 W OMEYE BALB/C <7 A% H AT A
T —JVEEAL, MF fREN A = 2V EERE T
RS EAREE LT, 1 BEP ORI 5-10 ik
L. 8 B ERRE 3y 1 % #1) & L (Day 0), F H XV 3
H PR R i % B B B IS AR U CRR B EAAT
-7-(Day 1-3), HFUFIREIR DO ALFHIZIE, 7Sy F TR
2 —I A (SRR MEAESH)E 2 cm AIZYIVEL
STt D&V, 2Ny RENIZ 50 pb O PR E IR
(500 pg of protein)z {2 MBI EFHIZAGAF LIz, /8
IFT AL —D LN =T N T — T RN TR
T HREL LIV AD TP RAT T —
AEE L TRy T OFIBERINE, 3 B EOEE%
W2y F &4 L (Day 4), =D 4 AREIREED L)
BEER 17—l 47—V OREAER . FUR R
IgE HLIA K O 1gG1 Hifk% ELISA IETHIELTZ, 7
LR — KGO AT Day 25 (2, &EPUR 1
mg/100 pL ZREHENEG-(.p)L TITo72, i.p.f% 30
. T ADEGNIRIEZEALOREEIT T2, F
72 T 7 49F% v —EREBIZL, Table 1 OXLHE
W~ TARaATY 7 LTz, AL 30 3% IZHE: ¢
AMARRL, MEFReAZIDOREZ,
Histamine EIA Kit(SPI-BIO)\Z CHIE L 7=,
[ 528k 1]

AR A Table 2 1, BAEA Y2 —/L 4 Fig. 1
g, 1 FEOILE % 8 Pt T, 7/ /L 3—)b 195

KOOI NT o DR EIEEIZ O W TG EIT o 72,
F7o, BAEREO FLETE R O 7 AR D 7
B T7UIVEREE TR A(SDS) &AL E 0.5%E 725
IR BIR (RN B REL R E LT,

[ =857 2]

AU A Table 2 (2, JEIEAT Y 2—/L%& Fig. 1
WRT, BITAEE OBFIEIC B TR JR VR AENE
ERLTET VAVINKGIRINEZ R EThD
HWP-D ( H AfbFE i TEESG 24U TATF) I
DWT, 1 BEDPEH A 10 PLEL, B R B AEME 2 s
THODOHERBREIToT,

[ 5285 3]

AU A Table 2 (2, JEIEA Y 2—/L%& Fig. 1
R T, R IE R 2 AL ST BN AK oy i 7 T
VEPUREL, BB I W TR LTz, 7L
T DMK L BB D EBIAIToT2, HFIL
TR EURIZ SDS AR E 0.5%E 72D X0 HsnL .
RSP EUTZ, 1 BEOILE A 5 PR C, RopfiRs
JLT (A0, 7 Ls8— 1 19S L[RIERD SDS-PAGE
PRB = Ze R L2 DO(A0.5h), 38 KOV 43 iR 75
Zx, SDS-PAGE ¢ 30 kDa LA L& R/ /R RN
WEIET AL TODLE DA ZHUF L THRIRLT-,

tMb~ AN E VO zin vitro 7 L VX — UG A

eME~ AN EL T, S5 5K - NF-AT Ol {#l T
WCHRAN N T 2T —BEFHBLTHLR—4—E5
FBLOERIFC ¢ REE(G T2 ZEMITEALZT v
Br %~ AN (RS-ATL8 i) 2 Fv 7=87, [
Mz 277 RRA AR 96 T/ L —RZ 5X
10%cells/50 p I >FEFEL . 100 578 L7~ HWP &
Ve /NN EAY T L ILX— B (PedWA) F7-13
WERMOEFHEMENEZT L LX — BT
(CO-WDEIA) Ifil 5 & WML TR R L=, i
P4 H% (Tecan HydroSpeed) & HVW CPBSIZEN T =
N 3 A% . 10% OB LY IR R IEE &
Te MEMES #1108 L 72 A HWP HLRIAR R 12k
1 CALFa—HT 3 B ZRIL , AT
=7 ARILE i One-GLO™ (Promega) & ¥R T
Nt B %L ) A—HEnVision (PerkinElmer) (2 k9
HE LTz, M2 1 duplicate TT72 0, AL D 1EMEAL
I, PUSCRBIIE O Y % 1 &9 DHRHMETEL
770

e et AEAT

(i) B —#1% Microsoft Excel (ZLVEEFFL.
IBM SPSS Statistics V7 by =7 & HWT, V #EA 5
#EL 7= Dunnett D 7E 35 L OVEBER O Tukey D%
FREZITV, p<0.05 ZH EELI,

(i) MIAERICBT BT =T —CREOLE
X, NG E 2T 47 3 ba— L e 5%
BOMXIZEL% Steel EIZIORITLT-.

(BRI ~DBELRE)
VT ANDREZIEAE, Bz Wi, ot
Fa B/ NRICEOALI0ICED , B E - EHIC



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

Y7o TIHIFERT ORI BUE A~ T, ARSFEERI
ESRVALSE SN S R IR MBI U7 R e S B
DIKGRBEAF THBAT ST,

C. MIEHER
(@) T A% - iR B A E AR
[ e 1]

T INr—)L 198 L OV LT AT DT, R IEAE
P K ONEAERE O FLE TG MEAI(SDS) D Zh Az D0
THRE T2,

Fig.2-1 12, J&AE 4 1% O~ RGO PR FE
HEPJHURIZOWTORGEHE KA "7, AL B 1ZZh
ENTNr3—)L 19S K72 IgE LY 1gGL (2D
WTORRTRE A RL QD SDS HAE T/ 18—
Jb 19S JEAERE(HS), 27 /L7 — /L 19S D I DRE(H)D
eSS, ML 1gE, 19G1 7% Vehicle BE(V)& il
THEIZHEML W, ¥72 C.D T hs v
TR B IgE e OV IgGL IOV T DR R %
RLTCWD, SDS 47 F 7T U AERE(GS) TIE V
FEL LTI IgE, 1gG1 A EICHNLT-, 7
T DIRDOREEG) T 19G1 DA ELBIINA
b, F-. GS BETH I L — L 198 12654
BRRBRUSHER RBNDHZE(A, B), HSEEL OVHEET
BT NT KT HE B OSMER b b2 E(C,
D)5, Zs— 1 19S L7 NV T U ORI ZK
IR DI EDRENT,

Fig.2-2 i, FURIEENE 5128577 47%
UL EEBDOINEERT, ATER% 30 43
DEIGNIEIEDZELZ/RLTA, 30 43, HS B

TIEVEELEL T 35 L HEETIX 2.7 EE L,
RIEDORERK TN AT, - GSHETH 2.1 %
KFLTEY, 2L 3FETIIVEEEDICE B2
NI, —F7 GRETIHEIRIR FIXALNA )
77 B I3 30 B OM P OERZI EELZ <L

TV, FRIEAKREETLE H BE T heA#3
CIEEENRESEERL T, Ll IRIBAR T AN
HBREDSTZ HS BETIX, BEAZIUBEOHKITA
SR T2 (ZO ML TidgiR45), GS B
W G BETIE, BAEREAXIVBIE O KIT LN
7eiotz, C AR 30 o7 F747% v —IiE
ROZ2TV T ORERTHS, HS BETIE Y 3.25
LEWAaT THY, F- HEETH I 2.25 Th-o7=,
—J7. GSEETIX 1.0, GAETIX 05 LKW AT TH
277,

[ 525 2]

23 FEFEIZBWTHRBILIZZ L 3—) L 19S LISk o
KA fRINF L R DHH  HWP-D 1225\ T
Hilbra 772,

Fig.3-1 (21X, &ME 4 BB OHUR R BB
DREFRE RA R T, 85— 19S BE(19S).
HWP-D BEEH 12, 4 M ORI L o $t
JREFRA) 1gE KON 1gG1 DEAE /R INMN A b7,

Fig.3-2 121X, &Ltk 30 MR ZE(LA), 7
FI4THR—JERD ATV (C), KO 30 43tk
DI HEAZ IR (B) 27T, RIRIK T IZ2WT
1%, 19S BETIT V BELERERL T 2.5 £ HWP-D

BECIRFH) 2.2 EE REZLRIRIK T3 b2 (A),
i 30 DOMPeRAZIEEE L, 195 B,
HWP-D BEEHIZ, V BEEEER L TREERL T
72(B)e 7F 74 T7F L — R D ATV 7 IZDUNT
%, 19S BETITEY 3.0, HWP-D BETIEFEY 2.8 &
WIEWATT TH-72(C), A, B, C DT TH,
19S #t& HWP-D BEIZRIFREE OfE RA R LT,
Fig.3-1 TiX, BIE 4 L OI T, ZNZE Dk
VEPURIZ R B )72 IgE Je O 1gGL AL -2 &%
RLTZ, T2 T, ENZENDOEAEFFIC R L CREA

SNIHUED . b)Y — FOHFICK L TE DR D
FORMEZR R T80 s B LT, FIFRIC ELISA

HWTIRE LIz, #E3% Fig.3-3 1R d, Al v
s8—)1 19S % ELISA OEFFURELIZEA. B 1T
HWP-D #[EPFURELIZSGE DR THD, A T
1%, Fig.3-1 LB ELRILL T L 3—)L 19S BETR
JEPEDS LBV TSN, HWP-D BE T [RI A I S e
MENRELN,V BEEORICHERREZNRH -T2, B O
BAH. HWP-D BED T/l Z L3 —)L 19S FET
HEORMEN ASIL, R0I V BELORIICH B ZE=N
Holz, INHLDRERNS, T —)L 195 &

HWP-D &DRICIIR ZR IR HHT LD REN
726
[325% 3]

T Nr—)1 198 E[FIEED 7 VT B INK 53 fitdh %
AL | Z DRBRAENEIZ DWW TR FT L 72,

Fig.4-1 121X/ VT DMK 53 fiflZ X5 SDS-PAGE
RE = DRI b 7R, /K S3fiF 0.5 REfE

T, SDS-PAGE D% — 137 L3 — )L 19S HFH
ILTHY, 70 kDa LA FIZIAKAAT 1/ 4 — 0 %R
Lic, ZO%IEFMEEBITHE /7 T EMD N R
KLU ARD T BEUICBAITL ., ZO/Z—rEHEIC
RAET VT (AOh), 7L /3— 1 19S /X4 ~/75§
FLLLTWD 0.5 Ky 4 fiF4 (A0.5h), K DNE
30kDa LA FiZ T/\ﬁﬁpéhm%%@(Agh)%E&DL
L ST RIS DR A ERE AR LT,

Fig.4-2 (Zi, J&HE 4 B OHUR R BRHUREA
DORFHE RA T, IgE ([ZOWTi, Z 8 — L
19S #E(19S)721F T7e<, A0.5h FETH LR K5 By
IgE DA RSATZ(A), £ 1gGL 12D\ T,
19S #f. A0.5h BEICHNZ T AOh BETHHI NN 5N
7(B),

Fig.4-3 121X, PURMEMENE 51857 F747%
/—ﬁﬁﬁtf’ﬁ@mﬁ%rﬁ‘ A ITRTIOIC, &
it 30 4314, 19S BETIX V RELLHLERL T8 4.8 &
KR L7, A0.5h BETH 4.4 FELRERR T A ROH
~, —J7 AOh BETIE 1.2 £, ASh B ClE 1.8 FETH
.V BEEORICH BERZIT RGN -T, il
30 DI HEAZIPREEIZOVWTIE, 19S BET
KEHRKLIZM, A0Sh BETHA ERBE KA RS
Ni=(B), C IZII T 7 47% > —fER D AT %R
7, 19S BE, A0.5h BEIZEHIT T 3.0 EEvAaT
THo7h3, AOh FE, ASh FEITEDIT 1.6 L0k
A7 ThoT=,

(b) EMb~ANHIREE AV zin vitroZE L FRER




Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

() BN RS VT DSDSTESIKENC L5 %
T EEA L DT

BR IR SR VT % 15— 25%SDSESIKENC
FKOfENT LI 2 A Koy VT Cid 30—40kDa
(T2 R L DR R BB ERS VT2, K Sy
fRINEED ARy T (BkDa) 7268 2 T (3 E kDa)
FTTE—RIZHAML, ZOHEEHORRIMEEEHIZF
B oy B3/ &< 72 (Fig. 5-1A; FEAE B
) o SR 12 W% OB R TIEL IRIE T TR
10kDaLk T O /BT D45 FeEEZ RLT-, 7220,
SDSEXIKENZ IS 1T DUKEN 1T, — MR I HAL E &
HI-ITHE AT HSDSO E & (A M) NELWZ L
ERHRELL QAT LT AT 25,

(& F/NFET L X — BE G2 O - BRIk
G307 VT ~DIQESUSE D AT

EROTEIKGIR AT NT U BIOT Lo—
JL 19S 1IZOWT, BFED/NET L ILX— B s
BLUOEMbE~ AN E T IQE O SO Z i
Bridz 4), BAREIZIE, /EE N 8 4. 7L/ —)1
19S EAERFE (HWP) 10 4 /NN ERY T L LY
—BF (PedWA) 8 44, Al A I8 H5 AL/ N AR A1 1 )
HRT T 7 47% 2 —EF (CO-WDEIA)9 4 Thd,
INHOEE MIEE 100 54 R L T RS-ATLS #ifd
Z—BRAEL . PEVE#£ . 100 ng/ml @ 0, 1, 6, 12 FEfH]
IR G RTINS R HWP BV L X —)1
1951280 37°C T3 A T2~ 72, T5&. Fig.
5-1B |\ZRL7EIORINEE R LT, T2, HWP
BE TIISMRETO T NT AT E LIRS, by
% DT VT ATITBAE IS E L, ZDO%KFFR & &
BITISEPENREI LT, 7 /13— 1 19S (T38RI
BT, — . PedWA B TiX, wfERiO7 VT
Wi HIRIGE L, RO IF NI U C R 38
gLz, 7 X— L 198 IZh )& LT, £L T,
CO-WDEIA BE T, S fiRe1D7 VT TG
BEVEMMFRD BT, HWP [ZIZARE Lo
77
(i) [R5 % W72 B FHWP O 4y 1 s LIgEG
BNE LD BAR D AT

R U723 BEAK 3 fEHWP IR LV L —)u
19SD BT D4y - B i3 ¥kDan 545 i kDa % Chig
I3 A% (Fig. 5-1A) . — I, MK SR HETT
oL RO FENMETL, v AN _EDIgE
ARG T HIENTERpDEEZLN TS, +
T, Z L8 — 1 19S% 10kDads O 3kDadd 45 [ 4y
T EAEFFORIAEAY S T MMZIDHERHAIIZ 5
EL, EDE 3 IZHWP BT MIEIgEE D S HED &
BHIEEXILEIEIZED Iz,

Fig. 5-2 [Z/RLTZ38Y . 20> HWP B35 (42 i 2 t)
D IgE 1Z4>7%> 10 fg/ml D Z /L2 8—)1 19S [ZH /3y
77T RO 2150, EDINE# R LT, 10kDa LL
D ORSEMEL Z 78— 19S5 SR EENE
ERFENIRoTZ, —T7. 3—10kDa D5y TlE, 7
PRI 0 B8 70 HUR R B 135 I AT S He TR IR S
HINL 7=, 2L C. 3kDa R0 misyix, 0% L
otz k. T2 CRUZB AL, 9 CAy iRl
DI NrR—)L 198 |[THELIZETHHZLITIERS

20,

Wiz, FICEFIMEZ V., 0, 1, 6, 12 FrfEfEzAL
B/ NVT a2 3kDa 3550 10kDa T4y
BLT=EZA, RO VT o CIIISEMTL, 4y
R\ Z BT IQE IGEPEIL, /i ORI &2t
WA LT o7z (Fig. 5-3), ZD&E 78— 1
19S LIRAERIZ, 3kDa LA T OMMZIZISEEDTRD
DIV T,

D. ¥
(@) v~ A% - iR B E AR

AWFZETIL, KOLTAROME AL/ N BT
JBTVU AR —RIELDOR R ERERTT 5720,
WEAE JE LV~ 2% O - B BB ER R 21T - T
Tro TORER  ~TADKJEIZT NV I3—)L 19S%Z
&Iy F ZHE 5V EEE 3-4 (7] (3-4
W) #0IR T Z LI KVENEZ LS| BRI
WNEGIZID TV AX—ER(TF747%—) %
R TAHIENARETHDII LR LT, ZILHDfE
BT, B RS R EICEDRBAER R R
ZUHIBRL VMDD TN — T DOWELL FE L
WD ORAE BRI, WEAEE T oA EIL T L
HEHIZD D~ AL E O LI L0EEMED E
R COFRER, £72, VEEORBRE R ITH -7 i
REMZHZLICIVRBENE Z RIS EDHT2D D
BREAIT-T,

T Nr8—)1 19S e O T AZONWTIE, WEAEE
15 ICTREEITV, 73— 198 KO VT
IR EREA A T AL K ORI TER o 4
FICRVRIENEES NS Z L EZ R LT, A H O
[EB 1] Cid, 1 B ~T ALk % 8 PLIZFEEL ., &
DIEHEMEOBHWERKECHRBRZITo7, TD
FEHL, 7R — L 19S INIAL R R VERER A L,
JEAERE DIFEN B 5 LVIRWNT F 7 4T —JE
WREFERTHZE, 7T Tld SDS 17 T TR E
DHEITT D0, 7T 7 4T7F% > —ERORRE LT v
28—/ 19S LU THWZ EE R LT, 2B
HITEEORBE LLIZITRETHY, AR R
IE LRI E DR ENEREE M 5 ETIERIC
HHRHZRTHLZENHLNE 2T, £z, Fig.2-1
IR T LT, Z R —)L 198 &7 LT DRI
RAEISMED DD END BLERRWEE R 2 G52 88
T&ETz, SDS IZOWTIHENEZRHET DR RN LS
NIy, ZOJRKEL TR, FURTHLZ L RIED
R KR SE5, BT E DR RIC
KL TT P a N ML TOEREZRTEWD AT HERE
MEZHID, Fig.2-2 TliX, HS HEIC DWW T, BEE e
RIBIKTOT 7 47F% 0 — BN RINHTNBIZ
HEIHOL T, M EAZI RNV FE R L
7eoTn, ZOEBITALTIEARWDS, 1 SOGLE
LT A EDN I I NETN AT U A R
D% ATITR A AR A S HFEE LY, JETH
NHEDEARZ I EREDFRECINTHEITL TWD T8,
AR BRI P ERAZ IR E NS EVHE K
LARWEWD RIREME R E 2 51D,

23 FEJEZRBWTIL, Z Lo — L 19S LISk




Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

IRINFEIZOWNTHIRR B RAEMEI B A7) —=
TR ET EAT T2, FDO T, TV B UALER
LB i N2 7 Cdh D HWP-D 132
JLoR—)L 19S DoV e NEBIEIEE AR R T L
WOTERDEO N, AFEEO[EER 2] T,
HWP-D DOF R RAEREIZ DWW CIAREIC T 5729, 1
BED~ APLHA 10 PUIZEREL . JOEEMED &
FEBREAECTHRBRAEIT 72, T O B B AHT
WA, BENR G EREZOT 7 47% 2 — ek
EH1Z, HWP-D 137 28— 1 198 HIEIF RSO /E
HZEaRL, REZBIERREA THZEBNHLN ST,
F7, Fig.3-3 (-9 01T, M OMITITAZ G
PEDS R BT,

TV R— L 198 137 VT i S i R nE-d
HZ LI Ko CRBIES NI INK S T Db, 2T
[328r 3] ik, REED FIETT VT OEEINK S
fiRZATUN, DRI 228 2 D2 L\ X0y R O FE
DEI2 DR E L | F ORBEIEMEIZ W
THFTLTz, TOFER, 7 v 3—)L 198 LRIERD
SDS-PAGE /"% — %7~ 0.5 R 53 fiF47(A0.5h)
17 N — L IFIF RO RAEE R T F 7 45%
VR ETRLIZOICH L, KRR IIVT
(AOh) J OV iR AN /U729 BRI A3 R4 (A9h) Tl55
Molz, ZORERNG | BRINKY RN DD EHETT
L7-27 7 78—)L 198 5L A0.5h 1%, JFUECHh D
TNT o IDEEWEENE B T2528, Fio. Iha
FEDEATS AN 1FZF IR B WIBEEZ B L T
NWZEDRENT, VL8 — L 19S % A0.5h T,
TNy R L ORETE B, i@ H 7 VT T
(el S P s A S VARV 1 e S ey S e Nl
&0, BmOWHURMEZES T 50 TIERVEE 2
5D,

(b) EMb~ARHIIZ IV /zin vitro Al akBR

SDSERKENCL DL, BB Ko fiEL
T NTE AT O ENREKkDa b E
kDa & T # 2 A< 43 A 32 L9 12 A 2 7= (Fig.
5-1A), L L. AR DEY, SDSERIKENZIITS
VKENEEIX, LT L EBEO S T BEE KR L)%
N5, BARINZIE, Zo R EOFREEMITK
xR EIIT, AlCEEL-SDSS DX
IRIEA~DFEERENEAL, #ERELCTKENE D%
WELTEIZESNABIRLIZLIZSH DY,

R RTEREDIFAE T CTMALT-EXITRIDA X
JEELTIE, X FREESDOBEDIEMNI, 753
LRT ANGHRUEILDO BT IN LR H LY, 7T
NI NEIV B FIEFICELGLA L RIEThHDHT-
b INAIFRIEO BT IRL N0 T VAR
FIRALEBAT IR, ZLOAEMEFOILITA
%o ZAUZEDSDS oy 13 B LKL 7Y | vkEhEE 9
B BT D4y F IS E A A REME N Z
Z6ND, W T, AT TON & (9 T A4X)
EHAHIELEETHS,

AR, [RAEAitafEE O, & HWP % SDS %0
ZIRWVIEEME T CH{EICY A XS5 EL ., FREFND
5y IgE S % EXILE K0t Lz, T D
FERL TNV oR—)L 19S, BRINK I3RS VT2 DU

AUb. 47 oy 3kDa LL T O 43213 IgE B
BT DRE NV EMREN T (Figs. 5-2,
5-3B) , MK FEDHEITL . XTI FREEE EHOB
HMPHELe Z 21T FURS DY IgE DEEKEE+53
WCHBETHILENTERpoTnizb i NS,

SDS EXUIKBEIORE KA R H0&E0, BT E 3kDa
LT OATFRIIHIK G FRORRE & EH I 2 TL
BN, ARFEFIT IgE SUGTEDFEREF G LI -T2,
FRAAIAR Y T 7 M LD A XS5 HE EXILE 15
IXEBICIHELEME T CEIMECTEDH70, ME AR
DOEHZEICEY, KA EMISEVWET IgE
BOSVEZ FRIE L U= HUR D 53 -3 A XD AT 3 7]
HElZRD &b,

=
E . baaf

WEAE BE R 2 B AR L 7~ 7 A% B Ve B R 2
U, TR =)L 19S B HLNCHRT R T o T2 T DR
B TN — b 19S D3BRU MR R EME A AT 08
WZOWTHBMEDOHLER DGO, KRR ZD
H AN RSN, ZDMDINK I HRINE S 73
B 1FETHD HWP-D (22U T R s L
S, -7 38— )L 19S EDORNCAZZ R ED B
BIELIRENTZ, £, TV T U ERINK S R & A
WZBRBRED | K S RN S HFEEE ST L7 IR RE T
VR BB EME 2N B KL L SHITIAK S R T35
IR ATV T A LIRS N, F2, KD
LP<BF MEE V- in vitro ZEERBRICB W T
b, Z =)L 19S (ZT VT AT N E O AR RE
AL, 5T 3000 DL ot E sy Dz 8
VEIAFETHTE N NERICEBRL DL
AVAN 2= gy

(& 3LiR)

1) Fukutomi Y, Itagaki Y, Taniguchi M, Saito A,
Yasueda H, Nakazawa T, Hasegawa M, Nakamura H,
Akiyama K. Rhinoconjunctival sensitization to
hydrolyzed wheat protein in facial soap can induce
wheat-dependent exercise-induced anaphylaxis. J
Allergy Clin Immunol 2010; 127 (2): 531-533.

2) Wang JS, Zhao MM, Zhao QZ, Bao Y, Jiang YM.
Characterization of hydrolysates derived from
enzymatic hydrolysis of wheat gluten. J Food Sci
2007; 72(2): 103-107.

3) Bouchez-Mahiout I, Pecquet C, Kerre S, Snégaroff
J, Raison-Peyron N, Lauriére M. High Molecular
Weight Entities in Industrial Wheat Protein
Hydrolysates Are Immunoreactive with IgE from
Allergic Patients. J Agric Food Chem 2010; 58:
4207-4215.

4) Lauriére M, Pecquet C, Bouchez-Mahiout I,
Snégaroff J, Bayrou O, Raison-Peyron N, Vigan M.
Hydrolysed wheat proteins present in cosmetics can

induce immediate  hypersensitivities.  Contact
Dermatitis 2006; 54: 283-289.

5) Lauriére M, Pecquet C, Boulenc E,
Bouchez-Mahiout I, Snégaroff J, Choudat D,

Raison-Peyron N, Vigan M, Branlard G. Genetic



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

differences in omega-gliadins involved in two
different immediate food hypersensitivities to wheat.
Allergy 2007; 62: 890-896.

sensitive allergy test: IgE crosslinking-induced
luciferase expression in cultured mast cells. Allergy.
2010 Oct;65(10):1266-73

7) Nakamura R, Ishiwatari A, Higuchi M, Uchida Y,
Nakamura R, Kawakami H, Urisu A, Teshima R.
Evaluation of the luciferase assay-based in vitro
elicitation test for serum IgE. Allergol Int. 2012
Sep;61(3):431-7

8) Reynolds JA, Tanford C. Binding of dodecyl
sulfate to proteins at high binding ratios. Possible
implications for the state of proteins in biological
membranes. Proc Natl Acad Sci U S A. 1970
Jul;66(3):1002-7.

9) Akiyama H, Sakata K, Yoshioka Y, Murata Y,
Ishihara Y, Teshima R, Sawada J, Maitani T. Profile
Analysis and Immunoglobulin E Reactivity of Wheat
Protein Hydrolysates. Int Arch Allergy Immunol
2006; 140: 36-42.

10) Hsieh KY, Tsai CC, Herbert Wu CH, Lin RH.
Epicutaneous exposure to protein antigen and food
allergy. Clin Exp Allergy 2003; 33: 1067-75.

11) Strid J, Callrd R, Strobel S. Epicutaneous
immunization converts subsequent and established
antigen-specific T helper type 1 (Thl) to Th2-type
responses. Immunology 2006; 119: 27-35

12) Strid J, Hourihane J, Kimbert I, Callrd R, Strobel
S. Epicutaneous exposure to peanut protein prevents
oral tolerance and enhances allergic sensitization.
Clin Exp Allergy 2005; 35: 757-66.

13) Matagne A, Joris B, Frére JM. Anomalous
behaviour of a protein during SDS/PAGE corrected
by chemical modification of carboxylic groups.
Biochem J. 1991 Dec 1,280 ( Pt 2):553-6.

14) Wright HT. Nonenzymatic deamidation of
asparaginyl and glutaminyl residues in proteins. Crit
Rev Biochem Mol Biol. 1991;26(1):1-52

F. BEERER

L
G. MIEHEX
1. FwC3EE

1) Adachi R, Nakamura R, Sakai S, Fukutomi Y,
Teshima R. Sensitization to acid-hydrolyzed wheat
protein by transdermal administration to BALBI/c
mice, and comparison with gluten. Allergy 2012;
67:1392-1399.

2) Nakamura R, Nakamura R, Adachi R, Itagaki Y,
Fukutomi Y, Teshima R. Evaluation of Allergenicity
of Acid-Hydrolyzed Wheat Protein Using an in vitro
Elicitation Test. Int Arch Allergy Immunol 2012; 160:
259-264.

3) FEEF MAKDENEIZL DT LLF
—IZOWNT, 77 A~< 7 2013; 49(2); 116-
120

6) Nakamura R, Uchida Y, Higuchi M, Nakamura R,
Tsuge I, Urisu A, Teshima R. A convenient and

2. FRREK

1) ZER, PAEE EHER mEE. F
SEY T K RN FC L DRI 35~
UAET VERRRE RO BRE B 24 BIHATL
R —FRARRIR RS (2012.5)

2) WRESE RS RER T SRR, &
BRIE., FEB T BIKSRNEZED 1gE fEEME
BIOEEBOLERT 56 24 BIAATLLF—
FTRAEFMIKRKE (2012.5)

3) HRSEAT, AT BRAE LER T BREERETR,
KA WE S, FEB . BRI EINE
ER AR CIRIES - B3 1gE @ in vitro IEME(EFA
BRIC D A2 ZEROSHEDORHE 55 24 Bl A AT LLF
—REFMKR KRS (2012.5)

4) TREFE PR EHER ZER LR
WG, WE S, FEB | BIKSMNES
HABICBAES NI BE MYE 1gE KGO fEHT
%5 19 B B R w7 PN Re (2012.9)
YRR, PAT A WHER W8S, 5
B BFINAKS N E ORI EAFRRICE T 5~
TAET IVERRE AW BT 5 62 [BH AR
T LT =PRSS (2012.11-12)
6)ALEFERE, (LT iAm ., ZER T FER T EE
RIG AR FRdE E RS, B ZEsE K sy
fR/NERIZEDRHELE~ T A RIE T HURRE O
A OB 5562 [0l HART L VX — k2l
K2 (2012.11-12)

DR, PR RS BEHME R, ZER - WE
KIS, FEBT EXILE JEICE DMK R N2 DT
LIV AT B0 A X DOEEOMENT 585
5] H AR L Ry (2012 12)

8)Adachi R, Nakamura R, Sakai S, Fukutomi Y,
Teshima R. Sensitization to acid-hydrolyzed wheat
protein by transdermal administration to BALBI/c

mice. 52" Society of Toxicology Annual Meeting
and ToxExpo (2013. 3)

H. XM EEDOHE - BHE KR (FPEEET)
1. FFFBUs
3L

2. FEMH R
7L

3. Fofth
L



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

Table 1. Scoring Criteria for Signs of Anaphylaxis

Score 0 No signs

1 Scratching mouth, ear, nose, head, etc.; scratching the ear canal with the hind leg

2 Hypoactivity, faster breathing, isolation from other specimens, swelling around the eye,
nose or mouth, piloerection

3 Stationary for >1 minute, laying down in a prone position, wheezing, breathing difficulty,
cyanosis around the mouth or tail, transient convulsion

4 No response to whisker touching, decreased or no response to stimuli,
unconsciousness, trembling, convulsion

5 Death

Table 2. Sensitizing Antigens

Experiment 1 (5 groups of 8 animals each)

o Sensitizing Route of Challenging
Group Sensitizing Compound Antigen Dose Challenge Compound
\% PBS + 0.5% SDS - i.p. (1 mg) Glupearl 19S
HS Glupearl 19S + 0.5% SDS 500 ug i.p. (1 mg) Glupearl 19S
H Glupearl 19S 500 pg i.p. (1 mg) Glupearl 19S
GS Gluten + 0.5% SDS 500 pg i.p. (1 mg) Gluten
G Gluten 500 ug i.p. (1 mg) Gluten
Experiment 2 (3 groups of 10 animals each)
. Sensitizing Route of Challenging
Group Sensitizing Compound Antigen Dose Challenge Compound
\% PBS + 0.5% SDS - i.p. (1 mg) Glupearl 19S
19S Glupearl 19S + 0.5% SDS 500 pg i.p. (1 mg) Glupearl 19S
HWP-D HWP-D + 0.5% SDS 500 pg i.p. (1 mg) HWP-D
Experiment 3 (5 groups of 5 animals each)
_ Sensitizing Route of Challenging
Group Sensitizing Compound Antigen Dose Challenge Compound
\% PBS + 0.5% SDS - i.p. (1 mg) Glupearl 19S
19S Glupearl 19S + 0.5% SDS 500 ug i.p. (1 mg) Glupearl 19S
AOh 0-h acid-hydrolyzed gluten + 0.5% SDS 500 pg i.p. (1 mg) 0-h amgl-St}‘/ednrolyzed
0.5-h acid-hydrolyzed gluten + 0.5% . 0.5-h acid-
AO.5h SDS 500 ng .p. (1 mg) hydrolyzed gluten
A9h 9-h acid-hydrolyzed gluten + 0.5% SDS 500 pg i.p. (1 mg) 9-h acid-hydrolyzed

gluten
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- Antigen exposure (skin patch on the flank) (500 ng/mouse)
/A Blood sampling
A Anaphylaxis evocation with antigen (i.p. 1 mg)

Figure 1. Percutaneous Sensitization Schedule
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Figure 2-1 Antigen-specific Antibodies Production 4 Weeks after Percutaneous
Sensitization (Day 23) with Glupearl 19S and Gluten

See Table 2 for antigens used to treat each group. Dots denote the data of individual animals; bars indicate the group
means. **p <0.01
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A. Post-challenge body temperature changes B. Plasma histamine level 30 min. post-challenge
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Figure 2-2. Anaphylactic Responses in Mice Percutaneously Sensitized with Glupearl
19S and Gluten

A: Body temperatures shown are the mean + SD for each group. B, C: Dots denote the data of individual animals;
bars indiacate the group means. *p < 0.05, **p < 0.01
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Figure 3-1. Antigen-specific Antibodies Production 4 Weeks after Percutaneous
Sensitization (Day 23) with Glupearl 19S and HWP-D

See Table 2 for antigens used to treat each group. Dots denote the data of individual animals; bars indicate the group
means. **p < 0.01
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Figure 3-2. Anaphylactic Responses in Mice Percutaneously Sensitized with Glupearl
19S and HWP-D

A: Body temperatures shown are the mean + SD for each group. B, C: Dots denote the data of individual animals;
bars indicate the group means. *p < 0.05, **p < 0.01
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Figure 3-3. Cross-reactivity between Glupearl 19S and HWP-D

Dots denote the data of individual animal; bars indicate the group means. **p < 0.01
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Figure 4-1  SDS-PAGE of Acid-hydrolysates of Gluten
Pattern of 10-20% polyacrylamide gel silver staining
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Figure 4-2. Antigen-specific Antibodies Production 4 Weeks after Percutaneous

Sensitization (Day 23) with Acid-hydrolysates of Gluten

See Table 2 for antigens used to treat each group. Dots denote the data of individual animals; bars indicate the group
means. **p < 0.01
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Figure 4-3. Anaphylactic Responses in Mice Percutaneously Sensitized with Acid-
hydrolysates of Gluten

A: Body temperatures shown are the mean + SD for each group. B, C: Dots denote the data of individual animals;
bars indicate the group means. *p < 0.05, **p < 0.01
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A: Changes in molecular weights of acid-hydrolysates of gluten
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Fig 5-1. Differences in Response to HWP among Groups of Various Wheat Allergy
Patients

(A) CBB-stained SDS electrophoresis gel of wheat gluten hydrolysates prepared by heating at 100°C for 0,
1, 6, and 12 hours in the presence of 0.1 N HCI. (B) EXILE test of ser samples from healthy subjects

(normal), HWP patients, PedWA patients, and CO-WDEIA subjects. The antigen concentration was set at
100 ng/mL. The term “19S” denotes Glupearl 19S.
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Fig 5-2. Glupearl 19S fractions and IgE Responses

Glupearl 19S was fractionated with 10- and 3-kDa cut-off ultrafiltration spin columns into 3 fractions: >10 kDa, 3—-10
kDa, and <3 kDa. The responsiveness of RS-ATLS8 cells sensitized with the serum from an HWP patient (42-year old
female) was investigated. The concentrations shown are expressed in equivalent concentration of the pre-
fractionated Glupearl 19S. The potential of the >10 kDa fraction to activate mast cells was practically the same as
that of the pre-fractionated Glupearl 19S. The 3-10 kDa fraction also showed a weak activity. The <3 kDa fraction, on
the other hand, elicited no response from the mast cells.
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A: EXILE responses to fractions separated by 10-kDa cut-off ultrafiltration
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Fig 5-3. Fractions of Acid-hydrolysates of Gluten and IgE Responses

Gluten was suspended in 0.1 N HCI to a concentration of 1 mg/mL and heat at100°C for 0, 1, 6, and 12 hours
and fractionated with a 10-kDa (A) or a 3-kDa (B) cut-off ultrafiltration spin column. The pre-fractionated gluten
is denoted as “whole,” the residual solution on top of the ultrafiltration filter as “HMW,” and the filtrate as “LMW.”
The responsiveness of RS-ATLS8 cells sensitized with the serum from an HWP patient (42-year old female) was
investigated. The concentrations shown are expressed in equivalent concentration of the pre-fractionated

gluten. As with Glupearl 19S, the <3 kDa fraction elicited no response.
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Score 0  fEIRAL

1 OB 8 BEEEEG #AR TEORER

2 EBET.EERAEGS. ILEHRA TS, B & OOFEOER. 15

3 IBBLEBALL, 30U TN, t—t—EBEYST . IFRER.
NORELRDOFT/—H ., —BHOEE
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5 %

Table 2. BEHR
SRER1 (138 x 58)

H4a BAERRIE BEE =R BERAE ERCRIR
Vv PBS +0.5%SDS - i.p. (1 mg) 5L S—IL19S
HS I si—)L19S + 0.5%SDS 500 ug i.p. (1 mg) T )si—)L19S
H 5L 15—IL19S 500 ug i.p. (1 mg) 5L 15—IL19S
GS HILTL +0.5%SDS 500 g i.p. (1 mg) 5Ty
G TIT 500 ug i.p. (1 mg) TIT
EER2 (1310 x 3%)
H4a AR BERR = sERAE ERCRIR
Vv PBS + 0.5%SDS - i.p. (1 mg) 5L 1S—IL19S
198 )N —)L19S + 0.5%SDS 500 ug i.p. (1 mg) FILN—)L19S
HWP-D  HWP-D + 0.5%SDS 500 ug i.p. (1 mg) HWP-D
KRER3 (1245[L x 58)
Ha REAEIE(R BEME = ESY = Wabi EiERE
Vv PBS +0.5%SDS - i.p. (1 mg) 5L S—IL19S
195 5 )L13—JL19S + 0.5%SDS 500 g i.p. (1 mg) 5L 1S—IL19S
AOh OhEEINIK S 624 LT + 0.5%SDS 500 ug i.p. (1 mg) OhBE K MRS LT
AQ.5h 0.5hE& MK 7 HRY ILT +0.5%SDS 500 ug i.p. (1 mg) 0.5hEMNK S8R LT

1 mg) OhERINK DR T

—

A%h OhEEINKH RS ILTY + 0.5%SDS 500 ng i.p.
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CRODA EUROPE LTD

CIR EXPERT PANEL MEETING — MARCH 17, WASHINGTON DC
HYDROLYSED WHEAT PROTEINS AND ALLERGY
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Contents

Hydrolysis of proteins and what this means and how it is achieved.
Measurement of molecular weight of hydrolysed proteins.

Croda’s assessment of its hydrolysed wheat proteins for allergy potential
= Previous data

= Recent data

= Recent in-vitro data

CIR Expert Panel Guidelines on use of hydrolysed wheat proteins
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Tvpes of Proteins

= Native Proteins

=  Enzyme Hydrolysates
= Acid Hydrolysates

= Alkaline Hydrolysates
= Quaternised Proteins
= Acylated Proteins

= Protein Copolymers
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Protein Hydrolysis

»To convert a protein that is insoluble into a protein ingredient that
IS soluble

= Acid (eg. hydrochloric acid)
= Alkali (eg. sodium hydroxide)
= Enzymes (eg. protease)

CRODA
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Hydrolysed Protein Derivatives

= What are they?

= These are protein products that have been hydrolysed and
then modified in some way to alter their functionality

= Quaternised proteins
= Acylated Proteins
= Co-polymers

Innovation you can build on™ CRODA
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VWheat protein isolate

Wheat Flour

Removal of starch by washing

Vital Wheat Gluten (insoluble)

Acid treatment

“Soluble” Wheat Protein
Dispersable not soluble
High molecular weight

Partially deamidated
Eg. Glutamine to glutamic acid
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Hydrolysed wheat proteins & derivatives

“Soluble” Wheat Protein

Alkaline Enzyme Acid
hydrolysis hydrolysis hydrolysis
Aqua (and) Hydrolyzed Wheat Protein Aqua (and) Wheat Amino Acids
MW ~ 100-125 kDa MW ~150 Da
Acylation
Aqua (and) Hydrolyzed Wheat Protein
MW ~ 3000 Da Derivative
Quaternisation Copolymerisation \L

Derivatives Derivatives

Innovation you can build on™ CRODA
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Measurement of molecular weight (Mw]

= Mw measurement of small water soluble polymers and peptides
is difficult and at best approximate.

= Mw is usually denoted as weight average molecular weight.

= Methods typically used include:
= SEHPLC/GPC
= Absolute Mw using GPC/MALLS
= SDS-PAGE

Innovation you can build on™ CRODA
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Measurement of molecular weight (Mw]

= SEHPLC/GPC

= Simple to run method.

= Significant variance based on columns used.

= Appropriately sized exclusion media has to be used.
= Standards used can give significant variance.

= Temperature and eluents will impact results.

= GPC/MALLS

= Results also influenced by column choice and exclusion media.

= SDS-PAGE

= Good comparative method
= Dependant on appropriate standards
=  Semi-gquantitative.
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Measurement of molecular weight (Mw]

= Method comparison using Aqua (and) Hydrolyzed Wheat Protein.
= Enzyme hydrolysed low molecular weight version.

“Soluble” Wheat Protein

Alkaline Enzyme Acid _
hydrolysis hydrolysis hydrolysis
Aqua (and) Hydrolyzed Wheat Protein Aqua (and) Wheat Amino Acids
MW ~ 100-125 kDa MW ~150 Da

Aqua (and) Hydrolyzed Wheat Protein
MW ~ 3000 Da

Innovation you can build on™ CRODA
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Measurement of molecular weight (Mw]

= SEHPLC/GPC

A400—,

200 Mw = 3,147 Da

200—

100—

-100:
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Measurement of molecular weight (Mw]

= GPC/MALLS

Refractive index (blue) and 90° Light scattering (red) for Analysis 3
Peak ID - hwp6

0.03 F . LS®1
;l_":‘
o.02f
2 |
- 0.01F
0.00 ", o * TR
_O‘.:)il i 1 1 L l 1 1 1 1 ] 1 1 1
0 10 20 0
Volume (mlL)
Number Average Weight Average Polydispersity
Sample
(Mn) (Mw) (Mw/Mn)
Hwp5 1375 2517 1.83
Hwp6 1417 3082 2.18
Average 1394 2800 2.01

Innovation you can build on™

CRODA




Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

Measurement of molecular weight (Mw]

= SDS-PAGE
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Sample Use Intact Protein
Conc. | Detected >2.0 kDa?
Agua (and) Hydrolyzed Wheat Protein. 0.025% No
Agua (and) Hydrolyzed Wheat Protein. 0.025% No
Agua (and) Hydrolyzed Wheat Protein. 0.025% No

3 different batches used.
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INCI nomenclature and molecular weight

= INCI nomenclature does not differentiate by molecular weight.

“Soluble” Wheat Protein

Alkaline Enzyme Acid
hydrolysis hydrolysis hydrolysis
Aqua (and) Hydrolyzed Wheat Protein Aqua (and) Wheat Amino Acids
MW ~ 100-125 kDa MW ~150 Da

Aqua (and) Hydrolyzed Wheat Protein
MW ~ 3000 Da

= There is no standard method for measuring molecular weight.

Innovation you can build on™ CRODA
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Hydrolysed wheat proteins and allergy

= Croda is a leading global supplier of hydrolysed wheat proteins
for cosmetic use.

= Product safety is extremely important and standard toxicity
testing is carried out for all new product introductions and
includes skin irritation, eye irritation and AMES.

= Allergy/sensitisation of hydrolysed wheat proteins has been and
continues to be difficult to assess:
= Clinicals — finding the right subjects, different modes of sensitisation
= Animal models available; non-animal testing issues.
= |n-vitro methods; no approved/validated methods for sensitisation.
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Croda data on allergy testing

= Potential allergy concerns relating to the use of hydrolysed wheat
proteins go back to the late 90’s.

= Related primarily to people with food intolerance to wheat.
= What if they used a cosmetic containing a hydrolysed wheat protein?

= Some multinationals produced there own internal guidelines on
hydrolysed proteins based on molecular weight
= (eg. 2000 Da or 3000 Da upper limits).

= Based on the assumption that the greater the degree of hydrolysis, the lower
the potential for allergenicity — a very logical assumption.
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Internal invitro study - 2000

= To determine whether Aqua (and) Hydrolyzed Wheat Protein
(Mw 3000) binds in-vitro to a human anti-gliadin antibody.

= Method — Slot Blot and Western Blot in-vitro analysis.

= Result may be indicative of the immunoreactivity of this
hydrolysed wheat protein.

= Positive controls used:
= Gliadin (Sigma)
= Parent wheat protein r/m used to make the above hydrolysed wheat protein.

Innovation you can build on™ CRODA
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Results

= Slot Blot

= Both positive controls were visualised by the human anti-gliadin antibody (+ve
result).

= The hydrolysed wheat protein was not visualised by the human anti-gliadin
antibody (-ve result).

= Duplicate blot exposed to a non-immune human serum (non-specific control
antibody) was negative.
= Western Blot
= The hydrolysed wheat protein analysed by Western Blot was also found to be
non-reactive.
= Conclusion

= Slot Blot and Western Blot analysis confirmed that low molecular weight Aqua
(and) Hydrolyzed Wheat Protein was not recognised by a human anti-gliadin
antibody.

CRODA
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External invivo study - 200 ]

= To evaluate a range of hydrolysed proteins and derivatives,
using the Prick Test, to determine if they elicit a Type | skin
reaction.
= Patients used for the study were wheat IgE positive individuals

= Circulating IgE levels in serum were determined; IgE titres for these patients
varied between 12.9 to 46 units.

= Six patients were used for the testing, one of which was a non-allergic and non-
atopic control

= Positive and negatives controls were used.

= All patients tested +ve to the positive control, including the control patient. All
patients tested —ve to the negative control.

Innovation you can build on™ CRODA
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Results

Products Patients

Positive Control

Negative Control

lAgua (and) Hydrolyzed Wheat Protein. Mw ~ 3000 Da

[Agua (and) Hydrolyzed Wheat Protein. Mw ~ 100 KDa

lAgua (and) Hydrolyzed Wheat Protein. Mw ~ 125 Kda

lAgua (and) Wheat Amino Acids

lAgua (and) Hydroxypropyltrimonium Hydrolyzed Wheat Protein

IAqua (and) Lauryldimonium Hydroxypropyl Hydrolyzed Wheat Protein
lAgua (and) Cocodimonium Hydroxypropyl Hydrolyzed Wheat Protein
lAqua (and) Steardimonium Hydroxypropyl Hydrolyzed Wheat Protein
lAgua (and) Hydrolyzed Wheat Protein/PVP Crosspolymer

lAqua (and) Hydrolyzed Wheat Protein PG-Propyl Silanetriol

IAqua (and) Laurdimonium Hydroxypropyl Hydrolyzed Wheat Protein (and)
Laurdimonium Hydroxypropyl Hydrolyzed Wheat Starch

Hydroxypropyltrimonium Hydrolyzed Wheat Protein (and)
Hydroxypropyltrimonium Hydrolyzed Wheat Starch

lAgua (and) Hydrolyzed Vegetable Protein
lAqua (and) Hydrolyzed Oats

Patient 6 - was a non-allergic and non-atopic control Positive
One patient reacted very slightly to 3 products - considered insignificant by the test house.
All wheat derivatives are based on Aqua (and) Hydrolyzed Wheat Protein. Mw ~ 3000 Da Negative

Slight Reaction
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Danish allergy to wheat in food products.

= A very small group of people in Denmark showed allergy to a
“soluble” wheat protein used in food products as an emulsifier.

= The “soluble wheat” protein in question was used to produce
high and low molecular weight peptides and amino acids

“Soluble” Wheat Protein

Alkaline Enzyme Acid
hydrolysis hydrolysis hydrolysis
Aqua (and) Hydrolyzed Wheat Protein Aqua (and) Wheat Amino Acids
MW ~ 100-125 kDa MW ~150 Da

Aqua (and) Hydrolyzed Wheat Protein
MW ~ 3000 Da
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Danish allergy to wheat in food products.

= Croda tested the hydrolysed wheat proteins, hydrolysed wheat
protein derivatives and amino acids produced using the “soluble”
wheat protein, on sera from sensitised individuals in Denmark.

Innovation you can build on™ CRODA



Distrbuted for comment only -- do not cite or quote

Distributed for Comment Only -- Do Not Cite or Quote

lgE binding capacity of wheat products

= Immunospot or in-vitro IgE binding to wheat samples.

= Sera used:
A. Gluten hydrolysate-IgE positive and wheat/gluten-IgE negative serum pool (GH+/G-)
B. Gluten hydrolysate-IgE positive and wheat/gluten-IgE positive serum pool (GH+/G+)
C. IgE negative control serum (NS)
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Results

Sample |Product A: GH+/G- | B: GH+/G+ C: NS Comment.

1 gua (and) Hydrolyzed Wheat Protein. Mw ~ 3000 Da neg neg neg no IgE binding

2 Cropeptide W neg neg neg no IgE binding

3 [Aqua (and) Hydrolyzed Wheat Protein PG-Propyl Silanetriol neg neg neg no IgE binding

4 [Aqua (and) Hydroxypropyltrimonium Hydrolyzed Wheat Protein neg neg neg no IgE binding

6 IAqua (and) Hydrolyzed Wheat Protein/PVP Crosspolymer neg neg neg no IgE binding

8 IAqua (and) Wheat Amino Acids neg neg neg no IgE binding

9 IAqua (and) Hydrolyzed Wheat Protein. Mw ~ 100 KDa positive positive neg IgE binding (A>B)
10 IAqua (and) Hydrolyzed Wheat Protein. Mw ~ 125 Kda positive positive neg IgE binding (A>B)
13 Protease Enzyme neg neg neg no IgE binding
14 Preservative Potassium Sorbate neg neg neg no IgE binding
15 Preservative Phenoxyethanol neg neg neg no IgE binding
16 Preservative Euxyl K300 neg neg neg no IgE binding
17 Preservative Vantocil neg neg neg no IgE binding
18 Preservative EDTA/Propylene Glycol neg neg neg no IgE binding
19  |Wheat Protein r/m for products above. Positive Control positive positive neg |IgE binding (A<B), the highest IgE binding.

Innovation you can build on™
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Conclusions

= Hydrolysis of “soluble” wheat protein to Aqua (and) Hydrolyzed
Wheat Protein — Mw 3000 Da removes potential for allergic
response.

= Derivatives also negative.

= In these studies, Aqua (and) Hydrolyzed Wheat Protein — Mw 100
kDa and 125 kDa gave a positive result.

= Indication was that this allergy was linked to the acid treatment of
wheat gluten — partial deamidation.

Innovation you can build on™ CRODA
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Other invitro testing

= A human skin test for immunogenicity, sensitivity and potency
assessment.

= Modification of skin explant model for testing allergic reactions
and contact sensitivity.

= Non-validated method.

Blood Sample —— Recover DC/T-cell fraction ——> Add test material and incubate

|

Look for visual histopathological changes and < Add to skin explant

grade I-IV. Vacuolisation of epidermal cells

If the protein is antigenic it will activate an immune response (T-cells)
which in turn cause the skin damage

Innovation you can build on™ CRODA
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Skin damage - grading

Grade | skin _ -
damage showing B .
very mild - b
vacuolisation of
epidermal cells

Grade |
Grade Il skin e
damage showing =
diffuse T S R R
Ceati S e b R
vacuolisation of BRRIGESLIE, R
epidermal cells 8 e
Grade Il

Innovation you can build on™

Grade Il skin damage
showing cleft formation
between the epidermis
and dermis caused by
confluent vacuolar
damage to basal
keratinocytes

Grade IV skin damage
showing the complete
separation of the
epidermis and dermis

Grade IV

CRODA
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Results

= Materials used.

= Agqua (and) Wheat Amino Acids. Mw ~150Da

= Aqua (and) Hydrolyzed Wheat Protein. Mw ~100kDa

= Results:

Response grades

Culture condition

ALCO091

ALC092

Culture Medium

Culture Medium

Mw ~100 kDa

Aqua (and) Hydrolyzed Wheat Protein.

Mw ~100 kDa

Aqua (and) Hydrolyzed Wheat Protein.

Agua (and) Wheat Amino Acids

Agua (and) Wheat Amino Acids

0.1uM DNCB - Positive Control

0.0001% Triton-X — Negative Control

Innovation you can build on™
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Conclusion

= Two materials tested and both derived from the same partially
deamidated wheat protein r/m.

= One extensively hydrolyzed — Aqua (and) Wheat Amino Acids.

= The other partially hydrolyzed — Aqua (and) Hydrolyzed Wheat
Protein. Mw ~100 kDa.

= The extensively hydrolyzed wheat protein has no sensitisation
potential.

= The partially hydrolyzed high molecular weight wheat protein
gave a sensitisation response.
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CIR Expert Panel = guidelines for HYWP's

= The CIR Expert Panel concluded that hydrolysed wheat gluten
and hydrolysed wheat protein are safe in cosmetics when
formulated to minimize peptide lengths greater than 30 amino
acids (approximately 3.3 kDa). Additionally, these ingredients
should not be used on damaged skin or in products that may
come into contact with mucous membranes or may be
incidentally inhaled.

= The CIR report also discusses:
= Cross-reactivity of IgE in individuals pre-sensitized to wheat proteins.

= That no data is available on Mw threshold below which sensitisation would not
be induced in pre-sensitised individuals.

[The CIR guideline does not specify a method for measuring MW]...
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Cross-reactivity

= Qur data has shown that there is no cross-reactivity to IgE in
individuals with conventional wheat allergy.

= We have also shown that by reducing the molecular weight of the
hydrolysed wheat proteins, there is no cross-reactivity to IgE in
individuals with the non-conventional wheat allergy related to
deamidated wheat protein.

= The latter has also been demonstrated by Yuko Chinuki et al (JSA).

Innovation you can build on™ CRODA
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MW cutoft for HWP's

= There is general consensus by experts in the field that by
reducing the size of the protein the potential for an immunogenic
response is reduced and eliminated.

= Peptide chains with 30 AA units are unlikely to retain their
inherent native structure and will be significantly denatured.

= Qur investigations with peptides of weight average molecular
weight 3000Da have been shown to be non-immunogenic.

= Although protein allergenicity remains a complicated issue, the
CIR Expert Panel guideline to minimize wheat peptide lengths
greater than 30 AA units is robust, based on information
available and expert opinion.
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CIR Expert Panel = guidelines for HYWP's

= |If therefore average peptide lengths of 30 AA’s are deemed safe
and acceptable, is the following caveat required in the guideline?
= Additionally, these ingredients should not be used on damaged skin or in
products that may come into contact with mucous membranes or may be
incidentally inhaled.
= If hydrolysed wheat proteins are deemed non-immunogenic
below a certain chain length/size, then the peptides will be
inherently safe whether they are used topically or systemically.

= Prof. lan Kimber (a highly respected protein immunologist) was
asked for his opinion on this matter. His comment was:

CRODA
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CIR Expert Panel = guidelines for HYWP's

“If it is established that a peptide lacks the inherent potential to stimulate
an immune or an allergic response, then there will be no risk of allergic
sensitisation irrespective of the level of exposure. In this context, if a
peptide lacks inherent sensitising potential there is no legitimate reason to
mandate that exposure via damaged skin or mucus membranes should be
restricted or prevented. In this case there is no risk to humans due to the
lack of inherent sensitising potential, and the absence of risk does NOT

require protection from exposure.”
lan Kimber

Professor of Toxicology

University of Manchester. UK

= |tis a recommendation that the CIR Expert Panel reconsider this
aspect of the guideline as it seems unwarranted.
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Overall conclusions

= Croda results have shown no cross-reactivity to conventional

wheat sensitized individuals — even with high molecular weight
wheat proteins.

= The Japanese sensitization is different to conventional
sensitisation.

= Linked to high molecular weight deamidated wheat protein.
= Similar to the Danish food issue with deamidated wheat protein.

= Hydrolysis to lower molecular weight wheat proteins eliminates
potential for sensitization as demonstrated by the Croda studies.
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Non-warranty

The information in this publication is believed to be accurate and is given in good faith but no
representation or warranty, express or implied, as to its completeness or accuracy is made. The
test results described herein, some of which were obtained by third parties, are given in good faith
and are believed to be accurate and reproducible but no representation or warranty, express or
implied, is made with respect to its completeness or accuracy.
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CRODA

Technical Report

Molecular Weight Analysis of Hydrolysed Wheat Protein

Date: 30/04/2014
Request: Internal
Author: Neil James
Summary

Samples of Croda’s enzyme-hydrolysed wheat protein product have been analysed externally for
molecular weight using GPC MALLS. Weight-average and number-average molecular weights
have been determined, as well as cumulative weight fractions for the samples to show the

percentages above and below specific molecular weight cut-offs.

Non-warranty

The information in this publication is believed to be accurate and is given in good faith, but no representation or warranty as to its
completeness or accuracy is made. Suggestions for uses or applications are only opinions. Users are responsible for determining the suitability
of these products for their own particular purpose. No representation or warranty, expressed or implied, is made with respect to information or
products including, without limitation, warranties of merchantability, fitness for a particular purpose, non-infringement of any third party patent
or other intellectual property rights including, without limit, copyright, trademark and designs. Any trademarks identified herein are trademarks
of the Croda group of companies.
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1 INTRODUCTION

Samples of Croda’s enzyme-hydrolysed wheat protein product (INCI — Aqua (and) Hydrolyzed
Wheat Protein) were sent for external GPC MALLS analysis to determine molecular weight and

the cumulative weight fraction at specific molecular weight cut-offs.

2 METHOD

Analysis was carried out by the Centre for Water Soluble Polymers at Glyndwr University. Two
samples of enzyme-hydrolysed wheat protein were supplied by Croda (batch numbers 851376
and 866846). GPC MALLS, using refractive index to determine concentration, was used to

analyse the samples. Each sample was run in duplicate.

3 ANALYSIS

The results of the analysis are summarised in Tables 1 and 2. Table 1 shows the weight-average
molecular weight values (Mw), the number-average molecular weight values (Mn) and the

polydispersity values. Mw and Mn values are stated in Daltons (Da).

Sample Run 1 Run 2
Mn 925.9 825.6

851376 Mw 1262 1320
Polydispersity (Mw/Mn) 1.364 1.599

Mn 1390 1042

866846 Mw 1643 1321
Polydispersity (Mw/Mn) 1.182 1.267

Table 1: Molecular weight values

Table 2 shows the cumulative weight fraction results for the two samples. An average of the four
results at each molecular weight cut-off has been taken to determine the percentage above the

specified cut-off.
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Cumulative Weight Fraction
Sample 851376 866846
Runl | Run2 | Runl | Run2 | Average | % Fraction above Molar Mass

Molar Mass

1500 0.7220 | 0.7082 | 0.5190 | 0.7000 | 0.6623 33.77
2000 0.8516 | 0.8189 | 0.7457 | 0.8525 | 0.8172 18.28
2500 0.9215 | 0.8868 | 0.8803 | 0.9280 | 0.9042 9.59
3000 0.9570 | 0.9277 | 0.9456 | 0.9639 | 0.9486 5.15
3500 0.9760 | 0.9519 | 0.9751 | 0.9815 | 0.9711 2.89
4000 0.9866 | 0.9672 | 0.9889 | 0.9903 | 0.9833 1.68
4500 0.9926 | 0.9774 | 0.9951 | 0.9950 | 0.9900 1.00

Table 2: Cumulative weight fraction results

It should be noted that low molecular weights such as those seen for these samples are at the
extreme of sensitivity for GPC MALLS.

4  CONCLUSIONS

The hydrolysed wheat protein supplied for this analysis (Aqua and Hydrolyzed Wheat Protein)
was exactly the same product on which Croda has developed immunogenicity data (as shared
with the CIR Expert Panel). The product in every test was demonstrated not to give rise to an
antigenic or immunogenic response. The CIR Expert Panel agreed to a weight average MW cut-
off of 3500 Daltons but requested data on how much material would actually exceed the cut-off
value from a normal distribution. The results above, in table 2, indicate that there would be 2.89%
above the 3500 cut-off and 97.11% below 3500.

It must be pointed out that there will be some variation at these low molecular weights, as the
sensitivity of testing is near its limit. We used the most appropriate method to generate this data.
From Croda’s immunogenicity testing, these small levels above 3500 do not cause any allergenic

issues.
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Non-warranty

The information in this publication is believed to be accurate and is given in good faith, but no representation or warranty as to its
completeness or accuracy is made. Suggestions for uses or applications are only opinions. Users are responsible for determining the suitability
of these products for their own particular purpose. No representation or warranty, expressed or implied, is made with respect to information or
products including, without limitation, warranties of merchantability, fithess for a particular purpose, non-infringement of any third party patent
or other intellectual property rights including, without limit, copyright, trademark and designs. Any trademarks identified herein are trademarks
of the Croda group of companies.
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Glyndwr University
Centre for Water Soluble Polymers

Investigation of Hydrolyzed Wheat
Protein Solution Using Gel Permeation

Chromatography

April 2014 — M. Evans

Aims and Objectives
Samples of hydrolyzed wheat protein solution were received for investigation. A

GPC/MALLS system was used to determine molecular mass distribution.

Equipment - GPC system

The GPC system used comprised of the following component parts:

Inline eluent degasser

Pump

Rheodyne valve fitted with 200 ul manual injection loop.

Dawn DSP Laser Photometer (multi-angle laser light scattering detector).
Optilab DSP interferometric refractometer (refractive index detector)
Column: GE Healthcare Superose 12 GL 10/300 (Mw Range 1,000-300,000)
Eluent: 100 mM Sodium Acetate/Acetic Acid Buffer pH 4.5 plus 50mM NaCl
Flow rate: 0.5 ml/min (filtered by vacuum through a 0.22 um GS membrane
before use)

Sample solutions were filtered through a 0.45 um PTFE syringe filter upon
injection.

The analysis was carried out at normal laboratory temperature.

Analysis software — Astra 4.90.07
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Procedure - Gel Permeation Chromatography
0.4g of sample was made up to 12g with eluent. The dilute sample was filtered
using a 0.45 micron syringe filter and 200pl injected onto the GPC column by

means of a Rheodyne injection valve and loop. Samples were run in duplicate.

GPC Results

The analysis is complicated due to the presence of other compounds that
influence refractive index in the sample matrix and an unknown initial sample
concentration.

The dn/dc value of the sample was undetermined and so a 100% mass recovery
calculation was used. The injected mass was calculated assuming 20% protein
content concentration by mass. A Zimm plot was used for analysis.

The weight average (Mw) and number average (Mn) are reported in Table 1 and

the elution profiles are shown in figure 1.

Table 1: Molecular weight distribution data - reported error shown in brackets

Sample Run1 | Polydispersity ] Run2 | Polydispersity
20% (Mw/Mn) 20% (Mw/Mn)
851376 925.9 1.364 825.6 1.599
Mn (2.4%) +/-0.042 (2.6%) +/-0.054
Mw 1262 1320
(1.9%) (2.2%)
866846 1390 1.182 1042 1.267
Mn (2.1%) +/-0.031 (1.6%) +/-0.025
Mw 1643 1321
(1.5%) (1.3%)
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Figure 1: Refractive index (blue) and light scattering (red) sample profile.

Astra software was used to produce a plot of cumulative weight fraction vs
molecular mass (a first order fit was applied to the light scattering data). An
example of the resultant plot is shown in figure 2 and a summary of the data is

shown in table 2.
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Figure 2: Cumulative weight fraction vs molecular mass for the samples: 851367 — black,
866846 —red

Table 2: Summary of cumulative plot data

Cumulative Weight Fraction

Molar 851376 866846

Mass Runl Run2 Runl Run2
1500 0.722 0.7082 0.519 0.7
2000 0.8516 0.8189 0.7457 0.8525
2500 0.9215 0.8868 0.8803 0.928
3000 0.957 0.9277 0.9456 0.9639
3500 0.976 0.9519 0.9751 0.9815
4000 0.9866 0.9672 0.9889 0.9903
4500 0.9926 0.9774 0.9951 0.995

Signed: M ‘E Ve M Evans (Analyst)

10000.0

Date: 25" April 2014
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Personal Care @@ Products Council

Committed to Safety,
Quadlity & Innovation

Memorandum

TO: Lillian Gill, D.P.A.
Director - COSMETIC INGREDIENT REVIEW (CIR)

FROM: Halyna Breslawec, Ph.D.
Industry Liaison to the CIR Expert Panel

DATE: March 10, 2014

SUBJECT: Comments on the Draft Report: Safety Assessment of Hydrolyzed Wheat Protein
and Hydrolyzed Gluten as Used in Cosmetics Prepared for the March 17-18, 2014
meeting

Key Issues
Abstract, Discussion - Please revise the following sentence (similar sentences occur in the

Abstract and Discussion - this one is from the Abstract): “The Panel determined that data
on the elicitation of Type I hypersensitivity reactions in sensitized individuals were
adequate to support the safety of these ingredients with peptide length distributions not
exceeding 30 amino acids.” This sentence is misleading as it suggests that information
on Type I reactions is supporting safety. It is information that indicates that smaller
peptides do not bind IgE and that lower molecular weight Hydrolyzed Wheat Protein does
not cause sensitization that supports safety, not the “data on the elicitation of Type I
hypersensitivity reactions in sensitized individuals.”

Chemistry - As common methods used to measure protein molecular weight are not precise, a
brief discussion of methods used would be helpful. Some general information on the
amino acid composition of wheat proteins would also be helpful. Composition
information may help suggest why an issue has been observed with some Hydrolyzed
Wheat Proteins used in cosmetic products but not other hydrolyzed proteins used in
cosmetic products.

Table 3, Cosmetic Use section- Do not state that the Council “confirmed” that some uses are
sprays and powders. Footnote 3 is not correct. THE COUNCIL DID NOT “CONFIRM”
THAT CERTAIN USES WERE SPRAYS OR POWDERS. The Council just reports the
results of the survey. Use of the word “confirmed” is very misleading. It suggests that
there was independent confirmation of the form of the product. This did not happen.
This survey was conducted in 2012, and there was no additional effort to “confirm” that
the information reported by the companies was correct. In the Cosmetic Use section

1620 L Street, N.W., Suite 1200 | Washington, D.C. 20036 | 202.331.1770| 202.331.1969 (fax) | www.personalcarecouncil.org
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change: “The maximum concentration of HWP confirmed to be used...” to “The
maximum concentration of HWP reported to be used...”

Summary - The Summary should include some information about the results of the studies that
have been conducted.

Additional Comments

Method of Manufacturing - What was the molecular weight of gluten as measured by SDS-
PAGE (reference 14)?

Toxicological Studies - What are the toxicities of wheat protein and wheat gluten following oral
exposure? If there are no adverse effects associated with wheat protein and wheat gluten
following oral exposure, the following sentence does not make sense: “Toxicities from
dermal exposure, other than irritation and sensitization would not be expected to be
different from oral exposures and as such not of concern by the Panel.” This sentence
also does not make sense if sensitization is the only adverse effect following oral
exposure - as the information in the report suggests that there are differences in
sensitization following oral and dermal exposure.

Sensitization, Dermal - Non-Human - The doses used in the mouse study are not clear (reference
14). It says 500 pg/mouse for the induction exposures, but it also says there was “dose-
dependent production of IgE and IgG1. If only one dose was used, how could the
production of IgE and IgG1 be dose-dependent? Perhaps they used multiple i.p.
challenge doses? The i.p. doses should also be stated.

Type 1 Hypersensitivity, 1* and 11" paragraphs - Please be more specific and change “ IgE
epitopes” to “ IgE-binding epitopes™.

Discussion - It should also be noted that the mouse study showed a response to gluten with SLS
but not without SLS treatment.

Page 2 of 2
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Personal Care @ Products Council

Committed to Safety,
Quality & Innovation

Memorandum

TO: Lillian Gill, D.P.A.
Director - COSMETIC INGREDIENT REVIEW (CIR)

FROM: Halyna Breslawec, Ph.D.
Industry Liaison to the CIR Expert Panel

DATE: April 24,2014

SUBJECT: Comments on the Tentative Report: Safety Assessment of Hydrolyzed Wheat
Protein and Hydrolyzed Gluten as Used in Cosmetics

Key Issues
In the Chemistry section, it would be helpful to include information on the relative proportions of

amino acids in wheat protein, e.g., wheat protein is relatively high in glutamine. This
may also provide some insight into why it is appropriate to use a value of 117 Da/amino
acid when determining the MW cut-off for these ingredients.

Discussion - Please revise the following sentence: “Traditional human repeat insult patch tests
(HRIPT) and related tests do not elicit Type 1 reactions.” Perhaps the CIR Expert Panel
is trying to state: “Traditional human repeat insult patch tests (HRIPT) and related tests
do not assess the ability of a substance to cause Type 1 reactions.”

Additional Comments

Abstract - MW is missing from the conclusion in the abstract.

Introduction - Rather than stating that the related ingredients are “safe for use in cosmetic
ingredients”, it should state “safe for use as cosmetic ingredients” or safe for use in
cosmetic products”.

Method of manufacturing - “or amino acids” in the last sentence of the third paragraph is
misplaced (it currently states: “which can be derivatized by quaternization or
copolymerization, or amino acids,”

Type 1 Hypersensitivity - Please revise the last sentence of this section. Rather than stating that
peptides with weight-average MWs of 3500 Da or less do not have the “potency” required
to induce Type 1 hypersensitivity, it should state that they do not have the “properties”
needed to induce Type 1 hypersensitivity.

Summary - The mouse study that showed transdermal sensitization to Hydrolyzed Wheat Protein
and gluten (in the presence of SDS) should be mentioned in the Summary.

1620 L Street, N.W., Suite 1200 | Washington, D.C. 20036 | 202.331.1770| 202.331.1969 (fax) | www.personalcarecouncil.org
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Table 3 - The preparation of the use tables needs to be more transparent. The current protocol
should be publically available.

Are skin fresheners going to be considered both potential spray and powder products (as
is done for Hydrolyzed Wheat Protein)?

The use information provided by the Council has a face powder (makeup product)
reported to contain 0.05% Hydrolyzed Wheat Protein. Why is this product in the
Incidental Inhalation-Powder? row, rather than the Reported Powder row?

The use information provided by the Council reported a not spray face and neck skin care
product containing 0.06% Hydrolyzed Wheat Gluten. Why is this product presented in
the Incidental Inhalation-Spray? row - the product is not a spray product.

When there are no uses in deodorant products reported, why is it necessary to have 3 rows
all containing NR?

Page 2 of 2
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