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Abstract: Limited data exist on the expression of immune checkpoint molecules (ICMs) in celiac disease 

(CD). This study aims to evaluate Tim-3 expression in duodenal biopsies from CD patients and those of 

non-CD patients, some of whom have increased intraepithelial lymphocytes (IELs). Duodenal tissues 
from 214 individuals who applied to the adult gastroenterology clinic were re-evaluated. The American 

College of Gastroenterology Guidelines were used to confirm the diagnosis of CD. Sections were 

prepared from formalin-fixed paraffin-embedded duodenal tissues for immunohistochemical analyses. 
The area with the highest Tim-3 expression in the lamina propria was counted at 40x (HPF) 

magnification. Receiver operating characteristic analysis offered a cut-off value predicting CD diagnosis 

as “>9 per HPF” (p<0.001, AUC: 0.744). High Tim-3 expression was associated with higher IEL numbers 
and a diagnosis of CD and correlated with endoscopic and serological findings of CD (p<0.001) in the 

whole cohort. In the CD group, a correlation was found between Tim-3 positive cell numbers and mean 

IEL counts (p=0.007, Spearman’s rho: 0.279). On the other hand, no difference was detected between 
Tim-3 expression and Marsh types (p=0.291), serum tTG (p=0.482), and EMA (p=0.765) titers in CD 

patients. In the non-CD group, Tim-3 expression was unaffected by either the increase in IEL or gastric 

Helicobacter pylori infection. In this study, we first demonstrated the expression profile of Tim-3 in the 

duodenal mucosa as an ICM. Confirmation of these findings with further analyses will provide a better 

understanding of the inflammatory cycle in the duodenal mucosa and new insights into diagnosing and 

understanding CD pathogenesis. 
Keywords: Celiac disease, immune checkpoint molecule, intraepithelial lymphocyte, Tim-3 

 

 

 

 

Özet: Çölyak hastalığında (ÇH) immün kontrol noktası moleküllerinin (İKM) ekspresyonuna ilişkin 
sınırlı veri bulunmaktadır. Bu çalışmada, ÇH hastalarına ve bazılarında intraepitelyal lenfosit (İEL) artışı 

olan ÇH olmayan hastalara ait duodenum biyopsilerinde Tim-3 ekspresyonunun değerlendirilmesi 

amaçlandı. Yetişkin gastroenteroloji kliniğine başvuran 214 bireyin duodenal dokuları yeniden 
değerlendirildi. Amerikan Gastroenteroloji Koleji Kılavuzları, ÇH tanısını doğrulamak için kullanıldı. 

İmmünohistokimyasal analizler için formalinle fikse edilmiş parafine gömülmüş duodenum dokularından 

kesitler hazırlandı. Lamina propriada en yüksek Tim-3 ekspresyonuna sahip alan 40x (BBA) büyütmede 
sayıldı. Receiver Operating Characteristic analizi, ÇH tanısını "BBA başına >9" (p<0.001, AUC: 0.744) 

olarak öngören bir kesme değeri sundu. Yüksek Tim-3 ekspresyonu, daha yüksek İEL ve ÇH tanısı ile 

ilişkiliydi ve tüm kohortta ÇH'nin endoskopik ve serolojik bulgularıyla korele idi (p<0.001). ÇH 
grubunda, Tim-3 pozitif hücre sayıları ile ortalama İEL sayıları arasında bir korelasyon bulundu 

(p=0.007, Spearman'ın rho: 0.279). Diğer taraftan, ÇH hastalarında Tim-3 ekspresyonu ile Marsh tipleri 

(p=0.291), serum tTG (p=0.482) ve EMA (p=0.765) titreleri arasında bir fark tespit edilmedi. ÇH 
olmayan grupta, Tim-3 ekspresyonu İEL'deki artıştan ve gastrik Helicobacter pylori enfeksiyonundan 

etkilenmemiştir. Bu çalışmada, Tim-3'ün bir İKM olarak duodenum mukozasındaki ekspresyon profilini 

ilk kez gösterdik. Bu bulguların daha ileri analizlerle doğrulanması, duodenum mukozasındaki 
inflamatuar döngünün daha iyi anlaşılmasına ve ÇH hastalarının tanısında ve patogenezinin 

anlaşılmasında yeni bakış açılarına olanak sağlayacaktır. 

Anahtar Kelimeler: Çölyak hastalığı, İmmün kontrol noktası molekülü, İntraepitelyal lenfosit, Tim-3 
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1. Introduction 

Immune checkpoint molecules (ICMs) are critical 

for regulating innate and adaptive immune responses 

in the intestinal mucosa under homeostasis (1). Their 

inhibitory effect on immune cells, especially effector 

T lymphocytes, and their role in peripheral tolerance 

are vital to preventing the inflammatory response 

from causing tissue damage (2). Considering the 

destructive inflammation in celiac disease (CD), the 

fate of regulatory T cells (Tregs) and ICMs is 

essential in elucidating CD pathogenesis. The 

potential relationship between ICMs and CD has 

become more evident with the emergence of CD-like 

histomorphological changes in the duodenal mucosa 

of patients receiving ICM inhibitors (3). 

Furthermore, the observation of CD predisposition, 

especially in individuals with CTLA4 gene 

polymorphism, supports this opinion (4). Only a few 

studies investigated the roles of ICMs in CD, mainly 

examining the PD-L1/PD-1 axis (5, 6). However, 

their expression profiles regarding the pathogenesis 

and diagnosis of CD remain to be elucidated (7).  

T cell immunoglobulin and mucin domain-

containing protein 3 (Tim-3) was initially identified 

as a receptor expressed on interferon-γ-producing 

CD4
+
 and CD8

+
 T cells, but now, it is part of a 

module containing multiple co-inhibitory receptors 

(checkpoint receptors) expressed on many immune 

cells in chronic viral infections and cancers (8, 9). 

Many studies have reported that Tim-3 

polymorphism can be associated with various 

autoimmune diseases, including multiple sclerosis, 

Graves' disease, Hashimoto's disease, autoimmune 

thyroid diseases, ankylosing spondylitis, idiopathic 

thrombocytopenic purpura, systemic lupus 

erythematosus, and rheumatoid arthritis (10). In 

addition, downregulation or blockade of Tim-3 

causes exacerbation of colitis in animal models; 

conversely, activation causes attenuation of 

inflammatory activity (11, 12). This evidence 

highlights the importance of Tim-3 in immune 

regulation and autoimmunity in the gastrointestinal 

tract. However, in our literature review, no study 

examined the relationship between Tim-3 and CD in 

duodenal mucosa; therefore, its role in CD 

pathogenesis and diagnosis is unclear. 

This study aims to evaluate Tim-3 expression in 

duodenal biopsies of CD patients and those of non-

CD patients, some of which had increased 

intraepithelial lymphocytes (IELs), and its 

diagnostic potential, if any. 

 

 

2. Materials and Method 

2.1. Patient selection 

The files of patients who applied to the adult 

gastroenterology clinic of Mardin Training and 

Research Hospital and underwent duodenal biopsy 

between 2021 and 2023 were reviewed. The study 

included patients with sufficient clinical, 

demographic, serological, and endoscopic findings 

and evaluable material in the pathology laboratory. 

Data were obtained from the hospital automation 

system, pathology, and adult gastroenterology clinic 

archives. Endoscopic findings (scalloping) for CD 

were classified as 0: absent, 1: mild, and 2: 

prominent. Anti-endomysium (EMA) and anti-tissue 

transglutaminase (tTG) IgA were used as primary 

serological parameters in the diagnosis and follow-

up of patients. Additionally, IgG antibodies against 

gliadin and tTG were added to the diagnostic 

algorithm in patients with or suspected of IgA 

deficiency. The positivity was decided according to 

the manufacturer's thresholds. 

The CD was diagnosed with supporting histological 

and serological findings in patients with suspicious 

clinical signs and symptoms (intestinal or 

extraintestinal) for CD. Diagnostic confirmation was 

performed following the recommendations of the 

American College of Gastroenterology Guidelines 

(13). Patients on a gluten-free diet due to suspected 

or diagnosed with CD were excluded. 

2.2. Histopathological evaluation 

Pathology slides were retrieved from the laboratory 

archive and re-evaluated with a light microscope 

(Olympus BX41, Japan). Duodenal mucosa was 

examined for changes in IELs, villi, and crypt 

architecture, as well as additional findings, if any. 

IELs were counted as the mean number per 100 

enterocytes (IEL/100) using the CD3 [CONFIRM 

anti-CD3 (2GV6) Rabbit Monoclonal Primary 

Antibody] stained slides. >25 IEL per 100 

enterocytes was accepted as the intraepithelial 

lymphocytosis. The degree of mucosal damage in 

CD patients was scored between 1 and 3c using the 

scoring system established by Marsh and modified 

by Oberhuber (14).  

In cases where the gastric biopsy was also 

performed, the presence of gastric Helicobacter 

pylori (HP) was confirmed using HP 

immunohistochemistry [VENTANA® anti-
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Helicobacter pylori (SP48) Rabbit Monoclonal 

Primary Antibody] and Giemsa histochemical 

staining. HP intensity was scored as 1: mild, 2: 

moderate, and 3: severe. 

2.3. Immunohistochemical staining and analyses 

4 µm-thick sections were taken from formalin-fixed 

paraffin-embedded duodenal biopsies for 

immunohistochemical staining. After 

deparaffinization, Tim-3 antibody [Anti-TIM3 

(Hepatitis A virus cellular receptor 2) Rabbit 

Monoclonal antibody, Clone: RM448, Dilution: 

1/150, RevMab Biosciences USA, Inc.] was applied 

to the slides with an automated 

immunohistochemistry stainer (Ventana BenchMark 

XT). Tonsil tissue was used as a positive control, 

and cytoplasmic expression was considered positive 

in mononuclear immune cells (Figure 1). The area of 

maximum expression was scanned at 4x 

magnification. The number of positive cells in a 

high-power field (40x, 0.196 mm
2
) (HPF) in the hot 

spot area was counted. 

2.4. Statistical analyses 

Normality tests were used to determine the 

distribution pattern of numerical data. Categorical 

variables were summarised as frequencies and 

percentages, and numerical ones were mean ± SD or 

median (Q1-Q3). Appropriate Chi-Square tests 

(Pearson, Continuity correction, Fisher's exact) were 

used to demonstrate the relationship between 

categorical variables. The difference between the 

groups was found using the Mann-Whitney U and 

Kruskal-Wallis H tests, and the correlation was 

shown using Spearman correlation analysis. The 

ROC (Receiver Operating Characteristic) curve 

determined the most appropriate threshold value of 

Tim-3 expression for differential diagnosis between 

CD and non-CD biopsies. Medcalc statistical 

software (Version 22.014) was used for ROC 

analyses. IBM SPSS base system (SPSS, Version 

25.0, USA) was used for statistical analysis. A two-

tailed p-value <0.05 was considered statistically 

significant. 

3. Results 

3.1. Cohort characteristics 

The study consisted of biopsy tissues from 214 

individuals, 72 (33.6%) male, and 142 (66.4%) 

female, aged between 17 and 79 (median: 30) years. 

95 (44.4%) cases were diagnosed with CD, and 

Marsh scores ranged between 1 to 3c. The mean IEL 

numbers of CD patients ranged from 29 to 125 

(median: 77), while those of the non-CD group 

ranged from 3 to 68 (median: 22.5) (p<0.001). Thus, 

the mean IEL number was >25/100 in all CD 

patients (n=95), and it increased in 44 (37.0%) cases 

in the non-CD group. The median EMA and tTG 

titers were 95.6 and 106 in CD patients and 5.9 and 

1.2 in the non-CD patients, respectively (p<0.001). 

Scalloping was prominent in 77 (81.1%) CD patients 

and mild in 10 (10.5%), while in the non-CD group, 

it was mild in 33 (27.7%) patients and absent in 83 

(69.7%) (p<0.001). Gastric biopsy was also 

performed in 148 cases, and HP infection was 

detected in 92 (62.2%). HP was found in 34 (65.4%) 

of the CD patients and in 58 (60.4%) of the non-CD 

controls (p=0.676). HP severity ranged from 1 to 3, 

and frequencies were 33 (35.9%), 36 (39.1%), and 

23 (25.0%), respectively. Clinicopathological 

features are summarized in Table 1. 

 

Table 1. Clinicopathological characteristics. 

Characteristics  n (%) 

Age, year   

Median (IQR)  30.0 (22.0-41.0) 

Gender   

 Male 72 (33.6) 

 Female 142 (66.4) 

IEL/100    

Median (IQR)  41.0 (21.0-71.0) 

Diagnosis    

 CD 95 (44.4) 

 Non-CD 119 (55.6) 

Marsh types   

 1 1 (1.1) 

 2 6 (6.3) 

 3a 22 (23.2) 

 3b 33 (34.7) 

 3c 33 (34.7) 

HP   

 Present 56 (26.2) 
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 Absent 92 (43.0) 

 NA 66 (30.8) 

Scalloping   

 Absent 91 (42.5) 

 Mild 43 (20.1) 

 Prominent 80 (37.4) 

tTG (IgA)    

Median (IQR)  14.0 (1.8-112.0) 

EMA (IgA)    

Median (IQR)  13.0 (5.3-114.5) 

Total  214 (100.0) 

CD: Celiac disease, IELs: Intraepithelial lymphocytes, HP: Helicobacter pylori, tTG: Tissue Transglutaminase, EMA: Anti-

Endomysium Antibody, NA: Not assessed 

3.2. Immunohistochemical findings 

Tim-3 was expressed to variable degrees in biopsies from CD and non-CD patients, primarily in immune 

cells in the lamina propria (Figure 1). Tim-3 positive cell density was lower in tissues from non-CD (Figure 

1b) patients than in CD tissues (Figure 1c-e).  

 

 

Figure 1. Low Tim-3 expression in a non-CD sample. H&E (a) and Tim-3 (b) stained sections at 10x and 

40x magnifications. High Tim-3 expression in a CD mucosa at 20x (c) and 40x (d-e) magnifications. 

 

The median positive cell count per HPF was 13.0 

(9.0-17.0) in CD patients and 7.0 (4.0-11.0) in the 

non-CD group (p<0.001) (Figure 2a). While no 

difference was found in Tim-3 positive cell counts 

between histological Marsh types in CD patients 

(p=0.291) (Figure 2b), a correlation was detected 

with IEL numbers (p=0.007, Spearman’s Rho: 

0.279) (Figure 2c). On the other hand, no association 

was found between Tim-3 positivity with serum tTG 

(p=0.482) and EMA (p=0.765) titers in CD patients. 

In the non-CD group, Tim-3 expression was not 

affected by either the increase in IEL (p=0.161) 

(Figure 2d), the presence (p=0.298) (Figure 2e), or 

the severity (p=0.299) (Figure 2f) of gastric HP 

infection.  
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Figure 2. Comparison of Tim-3 expression between in CD and non-CD samples (a), Tim-3 expression in biopsies of CD patients 

according to Marsh types (b), and correlation of Tim-3 with IEL/100 (c). Comparison of Tim-3 expressions in non-CD biopsies 

according to 25 IEL/100 (d), presence (e), and severity (f) of gastric HP infection. 

ROC analysis offered a cut-off predicting CD diagnosis as “>9” (p<0.001, Area under the ROC curve 

(AUC): 0.744) (Table 2, Figure 3).  

Table 2. ROC curve results of Tim-3 expression predicting celiac disease. 

  95% Confidence Interval  

Associated criterion >9  

Significance level P (Area=0.5) <0.0001  

Area under the ROC curve (AUC) 0.744 0.680 – 0.801 

Sensitivity 70.5 60.3 – 79.4 

Specificity 68.9 59.8 – 77.1 

PPV 64.4  

NPV 74.5  

NPV: Negative predictive value, PPV: Positive predictive value 

 

Figure 3. ROC curve of Tim-3 expression predicting the diagnosis of CD. 
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Sixty-seven (70.5%) of CD patients showed high Tim-3 expression, while 82 (68.9%) of non-CD controls 

showed low. Therefore, high Tim-3 expression was associated with CD diagnosis and higher IEL count and 

correlated with endoscopic and serological findings of CD (p<0.001) in the whole cohort (Table 3).  

Table 3. Tim-3 expression and clinicopathological characteristics. 

   Tim-3 expression  

Characteristics  n (%) ≤9/HPF >9/HPF p 

n (%)  214 (100.0) 110 (51.4) 104 (48.6)  

Age       

Median (IQR)   31 (22.0-41.0) 30 (22.0-40.0) 0.495 

                          

Gender Male 72 (33.6) 37 (51.4) 35 (48.6) 0.998 

 Female 142 (66.4) 73 (51.4) 69 (48.6)  

IEL/100       

Median (IQR)   30.0 (18.0-53.0) 68.5 (44.3-90.0) <0.001 

      

Diagnosis CD 95 (44.4) 28 (29.5) 67 (70.5) <0.001 

 Non-CD 119 (55.6) 82 (68.9) 37 (31.1)  

Marsh types 1 1 (1.1) 1 (100.0) 0 (0.0) 0.420 

 2 6 (6.3) 3 (50.0) 3 (50.0)  

 3a 22 (23.2) 6 (27.3) 16 (72.7)  

 3b 33 (34.7) 10 (29.4) 24 (70.6)  

 3c 33 (34.7) 8 (24.2) 25 (75.8)  

HP Present 92 (43.0) 51 (55.4) 41 (44.6) 0.269 

 Absent 56 (26.2) 37 (66.1) 19 (33.9)  

 NA 66 (30.8)    

Scalloping Absent 91 (42.5) 62 (68.1) 29 (31.9) <0.001 

 Mild 43 (20.1) 24 (55.8) 19 (44.2)  

 Prominent 80 (37.4) 24 (30.0) 56 (70.0)  

tTG (IgA)       

Median (IQR)   2.9 (0.8-104.5) 72.7 (12.2-120.0) <0.001 

EMA (IgA)       

Median (IQR)   8.7 (4.7-34.3) 54.9 (9.0-127.0) <0.001 

CD: Celiac disease, IEL: Intraepithelial lymphocytes, HP: Helicobacter pylori, HPF: High Power Field, tTG: Tissue 

Transglutaminase, EMA: Anti-Endomysium Antibody, NA: Not assessed, Significant values (p < 0.05) are marked in bold. 

In the CD group, a correlation was found between Tim-3 positive cell numbers and mean IEL counts 

(p=0.007, Spearman’s rho: 0.279).  

4. Discussion 

Considering that ICMs are the main actors of 

immune regulation in the gastrointestinal tract, it is 

surprising that our knowledge about their roles in 

CD pathogenesis is extremely limited (5). On the 

other hand, it is reasonable to assume that aberrant 

ICM expressions and/or signaling are involved in 

chronic inflammatory gut diseases, such as Crohn's 

disease, ulcerative colitis, CD, and chronic 

infections, such as HP (1). In addition, the 

widespread use of agents that block ICM pathways 

and autoimmune exacerbations occurring in various 

systems in some patients emphasize the importance 

of ICMs in immune regulation and their diagnostic 

and possible therapeutic potential in autoimmune 

diseases (8). The association of CTLA-4 

polymorphism with CD susceptibility and a CD-like 

morphology encountered in the small intestine in 

patients using anti-ICMs supports this opinion (3, 4). 

ICMs and FOXP3
+ 

Tregs work together to maintain 

peripheral tolerance (15). The immunosuppressive 

effect of Tregs is mediated by cell-cell contact via 

various ICMs in addition to the release of inhibitory 

cytokines (16). ICMs support Treg functions and 

differentiation (17), while Tregs can express 

multiple types of ICMs, including Tim-3  (7, 8, 18, 

19). However, these mechanisms are inadequate in 

suppressing the inflammatory response triggered by 

gluten in CD, which results in destruction and 

dysfunction in the intestinal mucosa. Several studies 

reported that despite the increase in Tregs in the 

duodenal tissues of CD patients, their inhibitory 

functions are impaired (20-23). IL-15 is a critical 

factor that increases proinflammatory and cytotoxic 

properties and inhibits anti-inflammatory 

mechanisms in CD (24). It also renders effector 

CD4
+
 and CD8

+
 T lymphocytes resistant to the 

inhibitory effects of Tregs (22, 25), and this can 
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explain why their inhibitory functions remain 

insufficient despite the increased number of Tregs in 

CD patients. On the other hand, the functional status 

and expression levels of ICMs remain poorly 

understood in CD. 

Ponce de León and colleagues reported that PD-L1 

showed high expression in superficial intestinal 

epithelial cells and lamina propria in biopsies from 

CD patients immunohistochemically (5). At the 

same time, PD-1 was not detected in these tissues. 

On the other hand, they reported that sPD-1 and 

sPD-L1 titers were significantly higher in the serum 

of patients with CD compared to healthy controls. 

Although it is unknown what factors contribute to 

deregulated PD-1 expression, they suggested that 

overexpression of sPD-1 may act as an "antibody" to 

block the PD-1/PD-Ls pathway and lead to abnormal 

T cell proliferation in patients with CD. However, 

although their study's most striking finding was the 

loss of PD-1 expression in CD patients, they did not 

mention information about the expression status in 

control biopsies. This makes it challenging to 

understand the role of the PD-1/PD-L1 pathway in 

CD pathogenesis and to reveal its diagnostic 

potential.  In our study, Tim-3 expression was 

observed in the lamina propria of both control and 

CD tissues. In addition, Tim-3 expression was 

significantly higher in samples from CD patients 

than in those from the control group. In this context, 

although Tim-3 expression showed characteristics 

similar to those of PD-L1 in our cohort, the study's 

limitation was that we could not evaluate Tim-3 

ligands, such as Galectin 9, Phosphatidylserine, 

HMGB, and CEACAM1.  

We also investigated the association of Tim-3 

expression with inflammatory conditions from non-

CD causes, such as HP. Historically, gastric HP 

colonization has been considered one of the most 

common non-CD causes of increased duodenal IEL 

(26). However, recent studies have suggested that 

this effect does not yield a statistically significant 

difference and should not prevent research into other 

etiological causes of increased duodenal IEL (27). 

Studies report that the prevalence of HP in CD 

patients ranges from 12.5% to 89%, whereas it 

ranges from 17.3% to 97% in non-CD controls (28-

31). Additionally, some studies have reported lower 

HP prevalence in CD patients than in controls and 

have even suggested that HP positivity may be 

protective against CD (32). In our recent study, we 

reported, for the first time, that a dual effect may be 

observed depending on the severity of gastric HP 

colonization, which may explain the inconsistent 

results in the literature (33). In this context, we 

compared the relationship between Tim-3 expression 

and HP with the severity, in addition to the presence 

of HP in this cohort. In this study, the prevalence of 

gastric HP in CD patients was 65.4%, while in non-

CD controls it was 60.4% (p=0.676). In CD patients, 

there was a weak correlation between Tim-3 

positivity and duodenal IEL counts (p=0.007, 

Spearman’s Rho: 0.279), whereas no differences 

were observed with Marsh types (p=0.291), serum 

tTG (p=0.482), or EMA (p=0.765) titers. In non-CD 

controls, the presence or severity of gastric HP 

colonization did not affect Tim-3 expression. 

Additionally, the increase in IEL does not affect 

Tim-3 expression in these cases. Although increased 

PD-L1 expression in immune cells in the gastric 

mucosa has been reported in cases of HP-induced 

gastritis (34), the effect of gastric HP status on ICMs 

in the duodenal mucosa is unknown. In this respect, 

our study demonstrates for the first time the 

potential effect of the presence and severity of 

gastric HP on ICM expressions in the duodenal 

mucosa. 

It is observed that suppression or induction of Tim-3 

produces results similar to those of other ICM 

molecules and the Treg marker FOXP3 in the gut. 

Loss of function of Tregs associated with mutations 

in the FOXP3 causes IPEX syndrome, characterized 

by immune dysregulation, polyendocrinopathy, 

enteropathy, and X-linked inheritance (35, 36). 

Conversely, many inflammatory or autoimmune 

diseases, including CD, are associated with loss of 

Treg function even in the absence of gene alterations 

(19, 37, 38). The frequency of  FOXP3
+ 

Tregs is 

reported to increase significantly in the inflamed 

mucosa of active or inactive Crohn's disease and 

ulcerative colitis (39, 40). Yu et al. reported that 

FOXP3
+
CD4

+
 T cells are increased in the lamina 

propria of inflamed and non-inflamed regions of the 

ulcerative colitis colon compared to the normal 

colonic samples, but their suppressive activity may 

be abrogated in vivo (41). Similar to these 

observations, Tim-3 was significantly increased in 

macrophages from patients with inflammatory bowel 

disease (42), and blocking the Tim-3 signaling 

pathway exacerbated colitis and the inflammatory 

response (11, 12). Conversely, activating it 

attenuates the progression of colitis in animal 

models (11), so this pathway can be promising as a 

new treatment option for CD patients (7). Similarly, 

in addition to higher Tim-3 expression in samples 

from CD patients, we also found a positive 

correlation between Tim-3 expression and IEL in 

these tissues. However, no difference in Tim-3 

expression was detected between Marsh types. Like 

Tim-3, we recently reported a higher density of 

FOXP3
+
 cells in tissues from CD patients than non-

CD controls, which correlated with IEL in CD 
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patients (43). Moreover, similar to Tim-3, FOXP3 

expression was unaffected by the IEL increase or 

gastric HP status in the non-CD samples. However, 

distinct from it, FOXP3
+
 positive cell density 

correlated with Marsh types.  

ICMs, including Tim-3, can be expressed by 

different cell types, and our inability to show which 

cell type plays a more significant role in this 

population can be considered a limitation of this 

study. On the other hand, despite having different 

subtypes and being expressed in various cell types, 

they serve similar purposes in the gut. One of the 

main suppressive mechanisms of Tregs is the 

inhibitory effects of ICMs through cell-cell contact 

via co-inhibitory receptors (44). Consequently, 

elucidating which regulatory mechanism plays a 

specific role in CD will help us understand its 

pathogenesis and offer hope for treatment. 

5. Conclusion 

In this study, we demonstrated the expression profile 

of  Tim-3 in duodenal mucosa for the first time. We 

believe that the significant increase in Tim-3 

expression in biopsy samples from CD patients 

compared to non-CD patients, and the fact that its 

expression is not affected by inflammatory 

conditions in non-CD cases, may be informative 

about the role of ICMs in the pathogenesis and 

diagnosis of CD. Confirmation of these findings 

with further analyses and elucidation of the 

pathogenetic pathways will provide a better 

understanding of the inflammatory cycle in the 

duodenal mucosa and new insights into diagnosing 

and understanding CD pathogenesis. 
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