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Gluten related disorders
e -(Classification

e Pathogenesis
e Histology of coeliac disease

« What is a normal intestinal mucosa

» Microscopic and sub-microscopic abnormalities
Microscopic enteritis

» The range and distribution of intraepithelial lymphocytes
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Evolution of GRD

et icr{ol - Coeliac disease = flat mucosa

e Classical CD, still rare condition

Atypical coeliac disease

After 1980 milder enteropathy

e Latent, potential and silent (Top of the Iceberg)

After 2010 [VelElS
e Emerging below the Iceberg

Rostami Nejad M, et al. Atypical presentation is dominant and typical for coeliac disease. J Gastrointestin Liver Dis. 2009;18(3):285-91.

Rostami Nejad M, Hogg-Kollars S, Ishaq S, Rostami K. Subclinical celiac disease and gluten sensitivity. Gastroenterol Hepatol Bed Bench.
2011;4(3):102-8.
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Wheat Allergy

Coeliac disease

Non-coeliac gluten sensitivity

Sapone A, Bai JC, Ciacci C, Do[insekj, Green PH, HadJ ivassiliou M, Kaukinen K, Rostami K, Sanders DS, Schumann M, Ullrich
R, Villalta D, Volta U, Catassi C, Fasano A. Spectrum of gluten-related disorders: consensus on new nomenclature and
classification. BMC Med. 2012 Feb 7;1013. doi: 10.1186/1741-7015-10-13.



Endoscopy

Examples of macroscopic features of villous
effacement detected by wireless capsule endoscopy
in celiac disease: A) Normal villi, B) scalloping of the
mucosa on circular folds, C) fissuring of the mucosa,
D) mosaic pattern.

Chella David, Ph.D. and Joseph
Murray, M.D. From Mayo clinic




Marsh MN, Rostami, K. What is a normal intestinal mucosa? Gastroenterology November 2016



Normal histology

Recent immunopathologic advances severely
compromise ideas of small intestinal “normality,’

Subtle abnormalities

Marsh MN, Rostami, K. What is a normal intestinal mucosa? Gastroenterology November 2016



Pathogenesis
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/ The role of Microbiota

Susceptible individual @
Coeliac disease or non-
[ coeliac GS

Coeliac disease or
Non-coeliac
gluten sensitivity

Infections
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Pathogenesis

The human body is unable to metabolise all
component of grains

e Most people immuno-tolerance

Individuals with genetic susceptibility
« HLA DQ2/8

» Immunogenic reaction; inflammation



How to compensate

Could we use proteases to help with Grain
metabolism? and

Prevent the Inflammation, immunologic reaction?



Viechanism of action of proteases in Gl diseases. PAR,
protease-activated receptor.

Vergnolle N. Gut 2016;65:1215-1224.
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Proteases in Gl tract

The microbiota constitutes also an important source of
proteases (Bacteria, yeasts and helminths).

They act by proteolytic processing of other molecules
(mediators, receptors),

Additional anti-inflammatory effects

e Their ability to degrade pro-inflammatory cytokines and
chemokines.
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~—Proteases from the A Disintegrin And Metalloprotease
(ADAM) family also seem to play roles in maintaining intestinal
barrier function.

Proteases
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. : Infection with Genetically enhanced
Fact or fiction?

Temporary or permanently
increasing of intelligence and
physical performance

Using plants
viral or
bacterial proteolytic enzymes
to metabolise and digest
What human body is unable to
perform
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Addressing proteolytic efficiency in
enzymatic degradation therapy for
celiac disease

Martial Rey'?, MenglinYang?, Linda Lee?’, Ye Zhang?, Joey G. Sheff?, Christoph W. Sensen?,
Hynek Mrazek®, Petr Halada®, Petr Man®, Justin L McCarville®, Elena F. Verdu® &
David C. Schriemer!

Celiac disease is triaaered by partially digested aluten proteins. Enzyme therapies that complete
protein digestion in vivo could supnort a Vgluten-free diet_but the barrier to completeness is high.
Current options require enzyme amounts on the same order as the protein meal itself. In this study,
we evaluated proteolytic components of the carnivorous pitcher plant (Nepenthes spp.) for use in
this context. Remarkably low doses enhance gliadin solubilization rates, and degrade gliadin slurries
within the pH and temporal constraints of human gastric digestion. Potencies in excess of 1200:1
(substrate-to-enzyme) are achieved. Digestion generates small peptides through nepenthesin and
neprosin, the latter a novel enzyme defining a previously-unknown class of prolyl endoprotease. The
digests also exhibit reduced TG2 conversion rates in the immunogenic regions of gliadin, providing

a twin mechanism for evading T-cell recognition. When sensitized and dosed with enzyme-treated
gliadin, NOD/DQ8 mice did not show intestinal inflammation, when compared to mice challenged
with only pepsin-treated gliadin. The low enzyme load needed for effective digestion suggests that
gluten detoxification can be achieved in a meal setti ng, using metered dosing based on meal size, We

demonstrate this by showing efficient antigen processing at total substrate-to-enzyme ratios exceeding

12,000:1. 2016 Aug



http://www.ncbi.nlm.nih.gov/pubmed/27481162

m

Mucosal abnormalities in coeliac disease

[t is not clear why clinical symptoms in CD are unrelated to small
intestinal mucosal damages.

There is no study that explain the reasons for this variability or
explain
 associated factors with discrepancy



CD +
infection

Synergetic effect both gluten and TG oocytes activating a mixed inflammatory
response leading to a severe mucosal damage in susceptible individuals
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Rostami K, Vilannacci V, Danciu M et al.
Microscopic Enteritis Autoimmun Highlights

(2010) 1:37-38
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Histology of gluten related disorders

Michael N Marsh™ %, Vincenzo Villanacci’, Amitabh Srivastava®

'Department of Gastroenterology, Luton & Dunstable University Hospitals Trust, Luton, United Kingdom
*Wolfson College, University of Oxford, United Kingdom

*Institute of Pathology, Spedali Civili Brescia, Italy.

"‘Parholog\' department, Harvard Medical School, USA

Michael N Marsh Vincenzo Villanacci Amitabh Srivastava
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Histology of coeliac disease
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Marsh MN.

Gluten, major histocompatibility complex, and the small intestine.
Gastroenterology 1992; 102:330 —54.



Spectrum

The structural changes range through

e normal or near-normal appearances to

» severer changes of villi

These markedly hypertrophic responses as the mucosa
"flattens” are triggered by lamina propria T cells under
genetic control




Villous atrophy? Or villous effacement? Type 3 Marsh (10X)
Atrophic organ doesn’t regenerate!
Villous effacement or villous flattening

Marsh NM, Villanacci V, Srivastava. Histology of Gluten related disorders.
Gastroenterol Hepatol Bed Bench 2015;8(2):171-177
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2 A. The Histological Spectrum
A, progression as

commonly observed in
histologic section (Marsh
stages o-III).

B, depicts the 3-D et ~:7Q s ==
: B. 3-Dimensional Surface Contour

background to flattening,

rapid pliancy of villi in

their reversion to leaves,

ridges, convolutions and

finally mosaic plateaus.

C, deepithelialized
mucosae, emphasizing the
intervillous ridges
(arrowed).

Mucosa through its remodelling process from “normal” to typically “flat”
celiac appearances



Type 3 Marsh (10X
Marsh NM, Villanacci V, Srivastava. Hisﬁ)ﬁogy o?%?u%en related disorders.
Gastroenterol Hepatol Bed Bench 2015;8(2):171-177



The demonstration of "inter-
villous ridges" (IVR); appear
to dictate the surface plan of
the mucosa, and thus the
origins of villi.

It is possible to see with the
scanning EM that villi arise
from narrow, slightly elevated
ridges
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| Sub-microscopic/Microscopic

Marsh I-I11

Alteration of enterocytes

Marsh o

Alteration enterocytes start at Marsh o according to Sbarbati A et al.

Gluten sensitivity and "normal” histology: is the intestinal mucosa really normal? Dig Liv Dis 2003;35:768-773.



y

/

Epithelial cells

Although the epithelial cells (EC) are usually damaged

during the histogenesis of CD, they are still used in
counting the [EL

Pitfall in accurate counting and hence

e some studies recommend that the reference value
should be taken as the muscularis mucosa.

{Skinner et al}.
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Normal range of IEL

e There is no universal agreement on a definition of a
"normal” IEL range for disease-control mucosae, and

« What constitutes a reasonable point of departure favouring a
histological diagnosis of celiac disease.

The earliest paper used very thick H&E sections (5-
7Um)
e found that IEL are normally distributed; and

e proposed a very high cut-off of 40 IEL per 100
enterocytes.



Marsh NM, Virchow Archiv 1994: 424, 301-6
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JEL
100 r |
|EL disease
control 3-21
61 mean 12
50 i
- 24 - Untreated CD
I 12 8-56 mean 21
O L

CONTROL COELIAC

The insert shows that IEL progressively rise as a graded characteristic. There are not
two distinct populations that can be separated by doing counts.
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Mucosal histopathology in celiac disease: a rebuttal of
Oberhuber’s sub-division of Marsh I11

Michael N Marsh" 1, Matt VW -..]I]l‘ll:l!i-ﬂl]:r., Kamran Rostami’

' Department of Gastroenterology, Luton & Dunsiable University Hospitals Trust, Luton, United Kingdom
“Waolfson College, University aof Oxford, United Kingdom

*Department of Gastroenterology, Alexandra Hospital, Worcestershire, United Kingdom

ABSTRACT

Individuals with particular genetic backgrounds develop immune responses to wheat proteins and become “gluten-
sensitised’. Mucosal pathology anses through activated mucosal T Iymphocytes, resulting in a graded, adverse reaction
between particular genes and wheat proteins. Given these varned influences, the Marsh Classification broadly itemises
those stages through which a normal mucosa (Marsh 0) evolves in becoming *flat” (Marsh I, 11, T1T).

Recently, Oberhuber and colleagues suggested that Marsh 11T lesions required subdividing into a, b, ¢ categories. We
critically examined these subdivisions by means of correlative hight and scanming electron microscopy (SEM). Our
results demonstrate that Oberhuber’™s classification 15 untenable. In our view derniving from our observations, the
artificial subdivisions proposed by those authors actually reflect misinterpretations of the true architectural contours of
flat mucosae. Although these workers refer to “wvillous projections™, SEM demonstrates that no such structures are
present on flat = or immediately recovering — mucosae,

Chur data revealed on the surfaces of flat (Marsh 11T) mucosae, large open “basins™, surrounded by raised collars - the
latter, when viewed 1in histological section, being easily misconstrued as “willi™. It seems that with subsequent upward
growth, these collars coalesce into low nidges, thence becoming broader and higher convolutions. It 15 noticeable that
there are more open spaces on the surfaces of flat mucosae than was appreciated hitherto. We conclude that Oberhuber’s
revisions of Marsh IIT into three subcategories (a, b, ¢), are misinterpretations of the histological appearances of flattened
mucosae. Therefore, histopathologists when classifving celiac mucosae, since they add nothing either of diagnostic, nor
prognastic, value should resist these subcategories.




/ TS

IEL

Increased IEL

e Due to EC damages or

e Truly increased
« Sensitive histological pointer towards CD diagnosis,

CD is not the only cause of raised IEL counts,

The differential diaEnosis of these lymphocytic infiltrates
was recently published by

e Bucharest Consensus, and collectively defined as Microscopic
Enteritis.
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Microscopic Enteritis
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Rostami K, Aldulaimi D, Holmes G, Johnson MW, Robert M, Srivastava A, Fléjou JF, Sanders DS, Volta U, Derakhshan MH,
Going JJ, Becheanu G, Catassi C, Danciu M, Materacki L, Ghafarzadegan K, Ishaq S, Rostami-Nejad M, Pefia AS, Bassotti G,
Marsh MN, Villanacci V. Microscopic enteritis: Bucharest consensus. World ] Gastroenterol. 2015 Mar 7;21(9):2593-
604
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Microscopic enteritis: Bucharest consensus

Kamran Rostami, David Aldulaimi, Geoffrey Holmes, Matt W Johnson, Marie Robert, Amitabh Srivastava,
Jean-Francois Fléjou, David S Sanders, Umberto Volta, Mohammad H Derakhshan, James ] Going,
Gabriel Becheanu, Carlo Catassi, Mihai Danciu, Luke Materacki, Kamran Ghafarzadegan, Sauid Ishaq,
Mohammad Rostami-Nejad, A Salvador Pefia, Gabrio Bassotti, Michael N Marsh, Vincenzo Villanacci

Kamran Rostami, David Aldulaimi, Luke Materacki, Department A Salvador Pefia, Laboratory of Immunogenetics, Department
of Gastroenterology, Alexandra Hospital, Worcestershire BO8 7UB, of Medical Microbiology and Infection Control, Vrije

United Kingdom Universiteit medical centre (VUmc), 1081 HZ Amsterdam. The
Geoffrey Holmes, Department of Gastroenterology, Royal Netherlands

Derby Hospital, Dertby DE22 3NE, United Kingdom Gabrio Bassotti, Gastroenterology Section, Department of
Matt W Johnson, Gastroenterology Unit Luton, Dunstable Medicine, University of Perugia Medical School, 06100 Perugia,
TTnivrarcitsr FT Hacnatal TTTA M7 TTnited Kinadnm Ttatr

Marsh O-11 overlooked and considered nonspecific
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Bucharest consensus

Primarily concerned with sub-microscopic changes
and IEL in celiac and non-coeliac mucosae.

Making sense of subtle histological abnormalities
opened a new insight into numerous clinical
conditions that were and still are labelled as IBS or
functional
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functional symptoms.

Wheat
allergy

TG2 -ve
IgE +ve
Functional Symptoms
No apparent organic cause

Food triggers

Coeliac disease

SR IS AWheat FODMAP or
sensitivity Fa’bOhydI’ate
intolerance

Altered bile acid
metabolism

Sub-clinical

Dysbiosis
. coeliac disease

Gut-brain Post-infective
dysfunction

7,

Other...

*NCWS: Symptomatic, innate immune and/or functional
reactions to gluten and/or non-gluten wheat proteins

Maria Ines Pinto-Sanchez, and Elena F Verdl Gut
doi:10.1136/gutjnl-2016-312471 G UT
Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.
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Functional disorders (FD)

FD is conceived as arising from a problem in nervous
system 'functioning' and Not due to a structural or
pathologically defined disease cause

AFDisa that impairs the normal
function of a bodily process, but where every part of
the body looks completely normal under examination,
dissection or even under a microscope

Mayou R, Farmer A 002).
. 2002;325: 265-8.


https://en.wikipedia.org/wiki/Medical_condition
http://bmj.com/cgi/pmidlookup?view=long&pmid=12153926
https://en.wikipedia.org/wiki/BMJ

Non Celiac Gluten Sensitivity

e

Marsh NM, Villanacci V, Srivastava. Histology of Gluten related
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Nutrients 2015, 7, 4542-4554; do1:10.3390/mu 7064542
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Article

Non-Celiac Gluten Sensitivity Has Narrowed the Spectrum of
Irritable Bowel Syndrome: A Double-Blind Randomized
Placebo-Controlled Trial

Bijan Shahbazkhani L3 Amirsaeid Sadeghi L+ Reza Malekzadeh *~, Fatima Khatavi *,

Mehrnoosh Etemadi ¥, Ebrahim Kalantri 5, Mohammad Rostami-Nejad 5 and Kamran Rostami ’



83.8% in the GFD became asymptomatic
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Milder enteropathy are not non-
specific or functional

* there are either physiologic or pathologic

MARSH n

MARSH 0O MARSH |

Microscopic Enteritis, Bucharest consensus. World ] Gastroenterol. 2015 Mar 7;21(9):2593-604



Aetiology O
Microscopic enteritis

Conditions Reference
Coeliac disease [7-8]
Non coeliac Gluten Sensitivity [22:00]
Helicobacter Pylori 557/
Other Infections, parasites b
Non-steroidal anti-inflammatory drugs | [¢4
Bacterial Overgrowth [33:00)
Common variable immunodeficiency | [13]
Eosinophilic gastroenteritis Ll
Collageneous gastroenteritis [1]
Microvillous inclusion disease [12]
Autoimmune Enteropathy [68]
Autoimmune disorders [ 40:081
Irritable bowel syndrome [3,75]
Inflammatory bowel disease [16]
Food allergy [93]
Food intolerances [76]
Idiopathic [94]

Microscopic Enteritis, Bucharest consensus. World J Gastroenterol. 2015 Mar 7;21(9):2593-604
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Conclusion
(i) the optimal cut-off 25 IEL/100EC

(ii) the celiac IEL count is not normally-distributed and
requires correction by log-transformation

(iv) IEL are graded dose-response and thus
e does not represent a bimodal population of IEL, and
e that any proposed cut-off value is arbitrary

(v) the total number of IEL wasn'’t different in each graded
Marsh III lesions (a, b, ¢).



“Intraepithelial lymp ocytes”m/
celiac disease.

Counting of IELs is recommended in
borderline cases where the histology is
difficult to interpret.

An increase especially in gammadelta+ TCR
strengthens the probability of CD.

The IELs are not invariably increased in
CD

Kaukinen K, et al. Intraepithelial lymphocytes in celiac disease. Am J Gastroenterol.
2003;98(6):1332-7.



Thank you for your
attention!




