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ABSTRACT

Background: Animal studies havancreasingly highlighted eole of macrophages in the
development oflelayedgastic emptying. However heirrole in the pathophysiology of human
gastroparesis-unclear Our aim was to determine changesnacrophages and other cell types

in the gastric antrurmuscularigpropriaof patients with diabetic and idiopathic gastroparesis.
Methods: Full thickness gastric antrum biopsies were obtained from pagamdied in the
Gastroparesis Clinical Research Consortium (11 dialgetiippathic) and 5 controls.
Immunolabelling and quantitative assessment was done for ICC (Kit), enterss itBGP9.5,

nNOS, VIP, Substance P, TH), overall immune cells (CD45) andrdiastinmatory

macrophages (CD206%kastric emptying was assessed using nuclear medicine scintigraphy and

symptom severity using th@astroparesis Cardinal Symptom Index.
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Results Both diabetic and idiopathic gastroparesis patishtsvedoss of IGCC as compared to
controls(Mean (standard error of mean)/hgiabetic 2.28 (0.16); idiopathic2.53(0.47,

controls 605 (0.62); p=0.004). Overall immune cell population (CD45) was unchanged but
there was a loss of astiflammatory macrophages (CD206)circular muscle (diabeti&.87
(0.32); idiopathic 4.16(0.52); controls 6.59 (109); p=0.04 and myenteric plexus (diabeti®.83
(0.27); idigpathi¢ 3.59(0.68); controls 7.46 (0.5); p=0.004) There was correlation between the
numberof1CC and CD206 positieells (r=0.55, p=0.008) Enteric nerve$PGP9.5)were
unchangeddiabetic,33.64 (3.45); idiopathic41.26 (6.40); controls, 46.80 (6.04).

Conclusion=koss ofantralCD206 positive antinflammatory macrophages ikay feature in

human gastroparesisd itassociatewith ICC loss

Keywords: Gastrointestinal Motility, Enteric Nervous System, Interstitial Cells of Cajal

immune cells

Key Points

e Macrophages play eritical role in development of delayed gastric emptying in animal
models=Their role in human gastroparesis is unclear.

e There is a significant loss of CD206 positive antiammatory macrophages in gastric
antrum of patients with diabetic and idiopathic gastroparesis and this correlates with the
ICC loss, the key cellular abnormality in gastroparesis.

e Interactions between innate immune cells and other cell types that regulate
gastrointestinal motility are important in pathophysiology of gastroparesis and steoul
further'studied.

INTRODUCTION

Human diabetic and idiopathic gastroparesis and animal models of delayed gastric

emptyingare characterized by the losswterstitial cells of Cajal (ICCasa key cellular
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abnormality Previous studies from th¢lH Gastroparesis Clinical Research Consortium
(GpCRC)have shown a 50% loss li¥C in gastric body muscularis and ultrastructural damage
in remaining ICC irthemajority of patients with gastroparesié Other studies also report
significant or complete absence of ICC network§helossof ICC immunoreactivity if)
correlated with diabetes severitdditional cellularabnormdities includeloss or damage of
nerves or neurons in a subset of patients raising the possibility of a common underlying
mechanisfef'damage to theell types that regulate gastrointestinal motii/* More recently,
macrophages-have been shown to be critical in the pathophysiology of gastropaneismal
models. Inthe nan-obese diabetic (NODynousemodel, development of diabetes was associated
with appearance of antflammatory (M2or alternatively activatedCD206ir) macrophages.
However, gastric emptying delay was evident only after M2 macrophages phenotypically
switched to preinflammatory (M1lor classically activatddnacrophagésand ICC were lostn
another study usindiabetic, macrophageeficient CSF3”°"mice, absencef muscle layer
macrophagewasprotective againghe development of delayed gastric emptylnghese data
suggest thateractions between thenateimmune system, specifically macrophageasd ICC

and the neuromuscular apparatus magdseralin the pathophysiology of human gastropargsis.

In our previous study, we provided evidence supporting the existence of this paradigm in
the gastricbody-ofpatients withdiabetic gastroparesighere loss of ICC correlatedth the
number of M2 macrophag@st was not apparent that the observed changes could be found in
other regions of the stomachattare also importaror gastric motilitysuch as the antrum.
Coordinated activity in the antrum is required for grinding of food particles assvplissage of
food into the. duodenum. Postprandial antral hypomotility was observed in Geevf@@tients
with gastroparesjsandwas associated withsagnificantly lower motility index in patients with
autonomicneuropathy.Duplex sonography showed decreased frequency of coordinated
antroduodenal contractions and reducedragtade transgoric flow in gastroparetipatients
with autonomic neuropathy.Gastroparesis patients hadeduced number of antral waves
cm in ddration which correlated with gastric emptying and improved in respoaisapoide a
prokinetic agent? In animal modelsICC aremoreaffectedin the antrum than the botfy** and
gastric antral ICC andem cell factorexpression were found to be reduced in streptozocin
induced diabetic mic€. Reduced ICC numbers, structural ICC degeneration and reduced enteric

nerves limited to gastric antrum was associated with delayed gastric egniptyfis modet®
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The ellular changes in gastric antrum in human gastroparesis aneh&nhown.
Therefore the aim of this study wasdetermine 1) if CD206 positive macrophages shown to
protect against cellular damage in animal models of gastroparesis@iecreased in the
antrum of humans with gastroparesis, 2) whether there are changes in otheesddhtypn to
be important.for gastric moity and 3) theelationshipof these cellular findingwith clinical
symptoms of gastroparesis

METHODS
Specimens

Full thicknesgyastric antrunibiopsies were obtained from 11 diabetic, 6 idiopathic
gastroparesis patienisidergoing implantation of a gastetectrical stimulator and fror
controls without diabetes gastroparesigndergoing obesity surgerll patientsvere =18
years of age:with symptoms of at least 12 week duration, delayed gastric emptying on
scintigraphy (=60% retention at 2 hour dr0%6 retention at 4 hour), and no evidence of
obstruction. Exclusion criteria included presence of active inflammatoryl iisease,
eosinophilie'gastroenteritis, neurological conditions, acute liver or renal failuréjsaad; of
total or subtotal gastric resectidrissue collection was done in standardized fashion with
established protocols by the participating sites of the GpCRC and was shippebistolbgy
core at MayoClinic. Tissue was fixed in 4raformaldehyde and cryopreserved until further
use.All gastroparesis patienggovidedinformed consent for procurement and use of gastric
tissue at the clinical sites of GpCRC. All control tissues were obtaireeddndentified fashion

with patient consent at Mayo Clinic in an IRB approved protocol.
Light microscopy.

Twelveprm sections were cinr H&E, trichrometo assess fibrosis and
immunoflterescence for enteric nervous systEiS), ICC and immune cell markersid®ein
gene product 9.3°GP9.9 was used as general marker for nerwesironal nitric oxide synthase
(nNOS9), vasoactive intestinal peptid€IP) for theinhibitory componenand sibstanceP for the

excitatory component of tHeNS. Tyrosine hydroxylas€TH) was used tassess extrinsic
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sympathet innervation, Kit to assess ICC, CD45 to asse®sallimmune cells and CD206 to
asses$/2 (alterratively activateyimacrophages. Details on antibodies are provided in

Supplementary Table 1

Quantification

All [quantitative assessmentis done in a blinded fashidror PGBR.5ir fibers (circular
muscle), nNOSr neurons (myenteric plexpand fibers (circulamuscle), VIPir fibers(circular
musclg, substance R fibers(circularmuscle),TH ir (myenteric plexus), and CD45 and CD206
ir cell bodies (myenteric plexus aamicularmuscle), 2 nonadjacent sections were analyzed per
participant20=23images were randomkollected per patient at 4@xagnification. These were
then manually counted to identify positiyestaining nerve fibexrand cell bodies:or nerve
fibers, we gquantified the number of distinct fluorescent structures with alfkeemorphology
i.e. a connected line of immunofluorescent pixéle saw no evidence that the shape of the fiber
pathsare different between diased and normal tissue aihe tounts provided includibers
that are bfoken up more than once in tissues from both groups. Each field was 0.3367 mm
size.For quantitative assessment of ICC bodasular muscle)2to 3 nonadjacent sections
were analyzed,per patient. ICC cell bodies were counted from 38 to 40 fieldsipet aa40x
magnification.”An ICC body was defined as a Bdtsitive structure with a DARjositive
nucleus withinthe structurtast cells were excluded by their larger, more circular appearance
and brighter fluorescenc&he number of images needed for all markers was determined from
previous dat&om quantification from gastric body.

Gastric emptying

Gastric emptyingtudy was scintigraphlyasedusing a lowfat egg white meal with
imagingrat 0315 2, and 4 hours after meal ingestion usingtdineardized protocol to estite
percent gastric retentiomhis protocol ensures standardized information about detgastdc

emptyingacross all partigiating sites”
Satistical analysis

Quantitaive data for eKit, PGP, nNOS, VIP, substance®{, CD45ir and CD206+
cell bodies are represented as mean £+ SEM. Statistical significance was determintdteusging
sided nornparametric Mann Whitney tesSimplePearson’scorrelation analysiassuming non
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parametric distributiomvas done to relate the histological markers (as measurédgach other
and withsymptom severity (overatbastroparesis Cardinal Symptom Ind&CSI) Spearman r
values wereeported A p-value of < 0.05 was considaer statistically significanExact pvalues
were used and these were not corrected for multiple comparibssatistical analyses were

carried outusing GraphPad 4 software (GraphPad software Inc., La Jollarr@a)if

RESULTS
Demographieprofile

Table Lliststhe demographic profile of diabetic and idiopathic gastroparesis patients.
Three of the ®ontrolswere females and the median age was 51 years (rargfe 3ars) The
BMI was higher in diabetic gastroparesis as compared to the idiopastroparesis patients.
Remaining demographic characteristics, gastric emptying and symptom ssverdy (average

GCSI and.sub=scores of nausea, fullness and bloaterg) similar inthe two groups.
Gross morphology & assessment of fibrosis

TheH&E staining showed normal histology @dstric antrum in all samples and

trichrome staining showed no evidence of fibrosis in the gaatesis biopsies
Interstitial ‘Cellsof Cajal

Both.dabetic and idiopathic gastroparesis patiehiswed significant loss of ICC.
Diabetic and idiopathic gastroparesis patiératd a 62 and58% drop in ICC countss
compared to the healthy controéspectively(Mean (SEM) for diabetic gastropares2s28
(0.16); idiopathic gastroparesis53 (0.47; controls 6.05 (G2), p-ANOVA=0.004) Figure 1).
No difference was noted between diaband idiopathic gastroparesiBaple 2). The loss of

ICC was unifernthroughout the circular muscle.
Enteric Nervoussystem markers

The overalir for enteric nerve$PGP9.5) was unchanged (Mean (SEM) for diabetic
gastroparesis: 33.64 (3.45); idiopathic gastroparesis 41.26;(6ofrols46.80 (6.04), p-
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ANOVA=0.13) Supplementary Figure 1. Excitatory nerver (substance R) was unchanged
(diabetic gastroparesis: 26.13 (2.41); idiopathic gastrop&t@si8 (3.87); controls 21.67 (1.38),
p-ANOVA =0.3). Inhibitory nerver wasunchangedor nNOSir (diabetic gastroparesis: 2b
(2.95); idigpathic gastropares5.43 (4.7%; controls26.57 (3.90) andVIP ir (diabetic
gastroparesis:,20.65 (2.19); idiopathic gastroparesis: 26.329;(2d3frols22.37 (3.89). The

nNNOSir neurons in myenteric plexugasunchanged (diabetic gastroparesi851(0.12);
idiopathic'gastroparesi2:00 (0.34); controls 2.07 (0.30Extrinsic sympatheticmerves(TH)
wereunchanged in both diabetic and idiopathic gastroparesis as compared to healthy controls
(diabetic gastroparesis: 3P (4.01); idiopathic gastroparesis: 41.57 (%.68ntrols38.32

(4.67).
Immune cells.and CD206 macrophages

The overall immune cell population was quantified with Cd4&ndwasnot different in
diabetic and idiopathic gastroparesis when compared with healthy comtcolsular muscle
(Mean (SEM)-for diabetic gastroparesi8.82 (1.09); idiopathic gastroparesis 11.38 (0.54
controls19:254#4.0%, p=0.07)and myenteric plexudviean (SEN) for diabetic gastroparesis:
14.72 (0.61); idiopathic gastroparesis 18.34 (R.2dntrols22.90 (3.15), p=0.09)
(SupplementaryFigure 2).

CD206ir (M2 orantrinflammatory macrophages wemaarkedly decreased in both
diabetic and idiopathic gastroparesiscircular muscle, there was4a% ir decrease idiabetic
and 3P0 ir decrease in idiopathic gastroparesis (MearMBtér diabetic gastroparesis: 3.87
(0.32); idiopathic gastroparessl6 (0.52; controls6.59 (1.09), p=0.04). In myenteric plexus,
there was d9% ir decreasén diabetic gastroparessd 526 decrease in yenteric plexusr
(Mean (SEM)fer diabetic gastroparesis: 3.83 (0.27); idiopathic gastroparesis 3.59 (0.68
controls7.46 (0.51), p=0.004Fgure 2).

Correlation.between CD206 macrophages and ICC

There was a positive correlation between@m06ir cellsandICC (r=0.55, p=0.008,
n=22) Figure 3).

Correlation of cellular changes with clinical symptoms
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There was no correlation between the ICC counts and average GCSI (r=0.15, p=0.6).
There was no correlation between the circular muscle CD2€8Is and average GCSI (6:23,
p=0.4). Similarly, there was no correlation between the myenteric plexus GD&£B and

average GCSI (r9.26, p=0.4 SupplementaryFigure 3).
Correlation of ICC counts with gastric emptying

There'was no correlation between the ICC count9agdstricretention at 4 hours in

diabetic(r=0710;p=0.7) or idiopathigastroparesi§=0.17, p=0.8) (Supplementary Figure 4.

DISCUSSION

The pathogenesis of gastroparesis has been obscure buesguiental studies
support an‘emerging paradigm in which a shift to a pro-inflammatory macrophage phenotype
drives los§ 6f1CC and delayed gastric emptyifignis manuscript highlights a number of
similarities wih the findings iranimal models but also some differendésstly, this study
confirms that the major gastrointestigall type associated with the lossgafstric motility in
both diabetic'and idiopathic gastroparesis is the ICC. This finding has nowepeetedoy
severalllaboratories and appears to involve both the body and antrum of the human st8mach.
91n a study of patients with refractory gastroparesis, ICC loss was presertt dlidimtic and
idiopathic'gastfoparesiut more profound in idiopathf€.Depleted antral ICC correlated with
abnormalities on electrogastrogram and poor symptomatic response to gastric electric
stimulation®® The ICC losbserved in tegastric antrum (>60% loss) this studyis more
profound than our previous report in tastric body (3815% loss): These data replita
findings frommoéuse modelsbserving a greater ICC loss in the gastric antrum than the’body.
23 PreviouSly, We have demonstrated significant inverse correlation betweai@®6 and 4 hr
% gastric retention in gastric body tissuenfrdiabetic gastroparesis patients (50% diabetic
gastroparetics had <3 ICC/fieltf) The more profound nature of ICC loss in gastric antrum
(10/11 diabetic gastroparetics haBl ICC/field) may explain lack of correlation with gastric
emptying since beyond a critical loss of ICC, the association with gastric pgysis|

potentiallylost.
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The original finding benterc nervedeing preserveth the gastric bodyn diabetic and
idiopathic gastroparespatientsenrolled in theGpCRCappears to exteno thegastricantrum
as well' Immunoreactivity foPGP9.5, ageneral marker for enteric nerves areironsvas
found to be unchanged in gastroparesis. Similarlypunoreactivity for excitatorperves,
inhibitory nervesand extrinsisympathetiennervation vasalso unchanged in gastric antrum.
We did not.find'an association be®veGCSI scores and ICC or €06ir numbers highlighting
the multifactorial central and peripheral mechanisms that sustain symptom generation once

established"bythe primary defect.

Thetinvolvement of macrophages in the development of delayed gastric envpging
initially described in NOD mice. At thenset of diabetegntrinflammatory CD206 positive M2
macrophages.populate the muscle wall of the stomach of NOD aaceunting fonearly8%%6
of all macrophage3However,mice thatgo on todevelop delayed gastric emptying lost their
CD206 pasitive M2 macrophagaad expressed M1 macrophagiescontrast to the mousthe
human stomach is populated by a mixture of both CD206 positive and negative macrophages and
rather than absolute loss of a tythee relative number appears to be more important.
Nevertheless;.our findings are similar in showing a disproportionate loss of @i(d6phages
in patients withngastroparesis. In the antrum, there wasd®%0percent lossef CD206ir cells
in circularmuscle and > 50% loss in the myenteric plekbis. is in contrast to our previous
study on gastric body where we did no¢ se absolutdoss of CD206r macrophageand
suggests a more severe defect in the antrum compared to thedoedgver, as in the present
study on the antrum, there was a negative correlation between CD206 macrophage counts and

ICC numbers.

Contrary_to the previous reports of an immune infiltrate in gastroparesis, gtuitijiswe
did not findevidence for a classical inflammatory cell infiltratedasnonstrated by the normal
numbers of CD4%r cellsin this study. The immune dysfunction iasgroparesitherefore
appears to.be"a macrophage specific process, characterized by a relative or absolute loss of
CD206ir, anti-inflammatory cells. It has been more difficult to examine the changespnothe
inflammatory M1macrophag@henotype in humans. As compared to mouse macrophages, there
is a paucity of markers for macrophage populations in hufidnsnice,resident mucosal and
lamina propria macrophageasecharacterized by the expression of F4/80, CD64, major
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histocompatibility complex I(MHCII), CD11c, and CX3CRI°Classicallyactivated
macrophage@V1) canbecharacterized by high levels of pro-inflammatory cytokines such as
interleukin 6 (IL6), inducible nitric oxide synthase (iNQ®)S2), IL1p and tumor necrosis

factoro (TNFa).?®%’ Alternatively activated macrophag@s?2) havelower levels of GC
chemokine.receptor type 2 (CCR2) and CD62L and have aimflatimatory signature with
increasedevels/of interleukin 10 (ILLOheme aygenase-1 (HO1) and CDZ2Most of these
markers'are‘either not present in human gastrointestinal macrophages or have not been studied.
CD206 is a'welstudied marker of antiflammatory M2like macrophages and is also

expressed in human macrophages but argihas®l Ym1 are examples of other proteins that are
expressedsinsmouse but not human M2 macroptdgéeere are currently no wetlefined

markers forrfhuman pro inflammatory Mike or overallmacrophages in the gastrointestinal
tract.For example, iINOS is robustly expressed in mouse macrophages in inflamimattis
epigenetically repressed in human macroph&yesrther studies are thereforeaessary to

identify and validate novel biomarkers for these cell types in human gastric amspubpria

and to countithem either by a single or by a combination of antigenic sign&uresntrol

tissues ar@lerived from obese subjects, however, previously we have found no changes in kit,
PGP9.5and CD4B from gastric body tissues of obese and-obesesubjectamaking it

unlikely that'©besity has significant impact on gastric ENS and immune cellnstarke

Taken together with the resultse{perimental studies in micthe finding that CD206
positive macrophages are decreageghstroparesis the antrunsuggests that targeting
macrophage polarizatioepresents an attractive therapestrategyln NOD mice, up
regulating HO1.in gastric muscularis CD206 macrophages reverses delayedegastyiog*
Carbon.monoxide, theroduct of HO1 activity, has the same effédt. 10 also increases
HOlexpressionin the gastric body of diabetic NOD micerasdverglelayed gastric emptying,
electrical slow wave abnormalities and ICC netvsdfKThis is consistent with the known effects
of IL10 in suppressing prmflammatory macrophages and incregsamtiinflammatory
macrophage®’ IL10 is known to be safe for use in humahghe recent demonstration that
macrophages are necessary for development of delayed gastric emptying in diabétitsmice
suggests that neutralizing the pro-inflammatory cytokines generated by convénaoctiahted,

M1-like macrophages may also serve as a treatoppurtunity.

This article is protected by copyright. All rights reserved



Grover, et all2

In summary, our findings shotliat he majorgastrointestinatellular defect in the
antrum ofpatients with diabetic and idiopathic gastroparesis is loss of ICC. Secondly, there is a
profound loss of anti-inflammatory macrophages in the antrum of bdibtdiaand idiopathic
gastroparesis patientsurther, there is a correlation between ICC and CD2@tacrophage
numbers suggesting that ICC loss may be the result of loss of thefmimatory macrophage
subtypeFinally; there is n@hange in the deitg of the nerves in the gastric antrum in either
diabetic'oridiopathic gastroparesis. Overall, these findings provide pathophicsbingights
for humanrgastroparesis being drivenittgractions between thenate immuneystemand ICC
and provide a potential rationale for targeting macrophages and the associatechattiry
milieu for thedreatment of gastroparesis.
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Table 1. Demographic characteristics, clinical symptoms and gastric emptying of patients with

diabetic and idiopathic gastroparesis

Diabetic Gastroparesis | Idiopathic

(n=11) Gastroparesis(n=6)
Age (medianyrange) 36, 22-56years 34, 20-60 years
Sex , females) 8 5
BMI (meahiSEM) 26.3+1.4 20.5+1.6
Diabetes
-Type Type I-7, Type 2-4

-Duration (Mean + SEM) 16.8+3.8years -

Gastric Emptying 32.4+6.4% 44.0£11.9%
(% Retention.at 4 hrs)

(MeaniSEM)

GCSl, overall 3.7£0.3 3.0+£0.3
-Nausea 3.9+0.3 2.7+0.5
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-Fullness 3.8£0.3 4.0+0.3
-Bloating 3.3x0.5 2.4+0.9
4p<0.05

Table 2 Quantitative immunolabeling data for patients with diabetic gastroparesis, idiopathic

gastroparesis-and contrafs HPF represents 0.0367 nfm

Cellular marker Diabetic Idiopathic Controls ANOVA
Gastroparesis | Gastroparesis | (n=5, (p
(n=11, (n=6, Mean/HPF | value)
Mean/HPF | Mean/HPF = |+ SEM)
SEM) SEM)
c-Kit 2.28+0.16 2.53:0.47 6.05: 0.62 | 0.004
(Circular Muscle)
CD45 13.82+1.09 11.38 0.54 19.25+4.05 | 0.07
(Circular Muscle)
CD45 14.72+ 0.61 18.34t 2.24 22.90 3.15 | 0.09
(Myentéric-plexus)
CD206 3.87+0.32 4.16+0.52 6.59+1.09 | 0.04
(Circular Muscle)
CD206 3.83+0.27 3.59+0.68 7.46x0.51 | 0.004
(Myenteric_plexus)
PGP 33.64+ 3.45 |41.26:6.40 46.80+6.04 | 0.13
(CircularMuscle)
Substance P 26.13+2.41 29.48t 3.87 21.67+1.38 | 0.25
(Circular Muscle)
VIP 20.65+ 2.19 26.32+ 2.83 22.37# 3.89 | 0.33
(Circular Muscle)
n NOS Neurons 1.85+0.12 2.00+0.34 2.07+0.30 | 0.82
(Myenteric plexus)
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n NOS 27.15+ 2.95 35.43+4.75 26.57+3.90 | 0.27

(Circular Muscle)

Tyrosine Hydroxylase 32.50+4.01 41.57+4.69 38.32+4.67 | 0.30

(Myenteric plexus)

Figure Legends

Figure 1. c-Kitimmunoreactivity (circular muscle) in control (a), diabegastroparesjdDb Gp

(b) and idiopathic gastroparesid Gp(c) showing significant ICC loss in both diabetic and
idiopathic.gastroparesidrrowhead represents an ICC and arrow represents a mast cell in the
field.

Figure 2: CD206ir (circular muscle) ircontrol (a), diabetic gastroparedidb Gp(b) and
idiopathic gastroparesitd Gp(c); CD206ir (myenteric plexusin control @), diabetic
gastroparesis and idiopathic gastroparesis (e), both demonstrating loss of M2 (anti-
inflammatery) macrophagésepresented by arrowheads)diabetic and idiopathic

gastroparesis.

Figure 3: Correlation of ICC (circular muscle) and CD20&ells (circular muscledhowing

significant correlation between ICC loss and loss of iaflammatory macrophages.

Supplementary Figure X PGP9.5r (circular muscle) in control (a), diabetic gastropard3is
Gp (b) and idiopathic gastroparesis, Id @&pshowing no changes in the overall muscularis

nerve fibre density in gastroparesis.

Supplementary,Figure 2 CD45ir (circular muscle) in control (a), diabetic gastropard3is
Gp (b) and idiopathic gastroparesis, Id @& CD45ir (myenteric plexusi control (d),
diabetic'gastroparesis (e) and idiopathic gastroparesal(showing no changes the overtd

immune cell population in gastroparesis.
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Supplementary Figure 3 Correlation of averageagtroparesisardinalsymptomindex with
circular muscle ICC counts)( circular muscle CD208 cells @) and myenteric plexus CD206

ir cells ). Overall, no correlation between symptoms and cellular changes were found.

Supplementary Figure 4 Correlation of % gastric retention at 4 hours and circular muscle ICC
counts in diabetic gastroparesis (a) and idiopathic gastroparesis (b). Overall, no correlation

between gastric emptying and ICC counts were found.

Supplementary“Table 1 Primary and secondary antibodies with source and concentrations.
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