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Hyperactivation and enhanced cytotoxicity
of reduced CD8" gamma delta T cells in the
intestine of patients with Crohn’s disease
correlates with disease activity

Tao Zhu'", Linlin Zhu?", Caixia Sheng', Danju Wu', Qianru Gu', Zhinong Jiang', Jiagi Xu', Guoxiang Fu' and
Yujie Jiang"”

Abstract

Background and aims \We aimed to investigate the immune characteristics of intestinal CD8" gamma delta T (CD8*
y& T) cells in Crohn's disease (CD) and their correlation with disease activity.

Methods The study cohorts included 21 CD patients and 21 healthy individuals. CD8* y& T cells were isolated from
human ileal mucosa for detection by flow cytometry. The activation or inhibition status of cells was detected by
detecting the expression of activation marker HLA-DR and the immunosuppressive molecule PD-1 on cells. The
cytotoxicity of cells was assessed by detecting the expression of cytotoxic molecules (Perforin, Granzyme B, and
TRAIL) in cells. Ratios of investigated cells were calculated as prediction factors by receiver operating characteristic
curve (ROC) analysis.

Results The study revealed a reduction in intestinal CD8" y&T cells among active CD patients, with a more
pronounced reduction observed in moderately active patients compared to mildly active patients. Moreover,
active CD patients exhibited heightened activation levels in their intestinal CD8" y&T cells, whereas the activation
was comparatively weakened in moderately active patients compared with mildly active patients. Additionally,
the cytotoxicity of intestinal CD8* y&T cells was enhanced solely in mildly active patients, while it was impaired in
moderately active patients compared with mildly active patients. Furthermore, HLA-DR™ CD8 y&T cell ratio, CD8*
y&T ratio, and CD8* y&T count were identified as indicators in the diagnosis of active CD. Meanwhile, the ratios

of Granzyme B* CD8* y&T cell and Perforin® CD8* y&T cell were identified as indicators that distinguish mildly
moderately active CD cases.

Conclusions Intestinal CD8" y&T was reduced in active CD patients, but their activation and cytotoxicity were
enhanced. However, with increased disease activity, intestinal CD8" y& T cells became dysfunctional. CD-specific
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perturbations observed in various phenotypic markers in CD8* y& T cells can be used as indicators to assist in

diagnosing CD patients.

Keywords CD8* gamma delta T cell, Crohn’s disease, Immune characteristics, Disease activity

Introduction

Crohn’s disease is a chronic inflammatory condition pri-
marily affecting the gastrointestinal tract, potentially
impacting any segment. This chronic disease may also
manifest with extraintestinal symptoms, significantly
diminishing the quality of life for patients and leading
to substantial healthcare expenses [1, 2]. The incidence
and prevalence of Crohn’s disease are higher in devel-
oped countries than in developing countries, and annual
incidence rates are higher in urban areas than in rural
areas. Notably, several countries in Asia have experi-
enced rapid urbanization in recent years, coinciding with
an upward trend in the annual incidence of Crohn’s dis-
ease [3, 4]. Crohn’s disease is believed to arise from the
interplay between genetic susceptibility, environmental
factors, and gut microbiota, leading to aberrant mucosal
immune responses and impaired epithelial barrier func-
tion. Although current research has made significant
advances in understanding the mechanisms underly-
ing CD, the pathogenesis of the disease remains largely
unknown [5, 6]. Recently, most studies on the pathogen-
esis of CD have focused on the dysregulation of innate
and adaptive immune pathways [6—9]. Gammadelta (y0)
T cells are unconventional lymphocytes found primarily
in skin and mucosal tissues and are regarded as the fore-
front of the immune defense against infections. They are
vital in wound healing due to their immunomodulatory
properties and the lack of major histocompatibility com-
plex [MHC] restriction [10-13]. The antigen receptors
of Y8 T cells lack diversity and recognize antigens with-
out MHC restrictions. They mainly recognize common
antigenic components expressed by multiple pathogens
presented by CD1 molecules, including glycolipids, gly-
coproteins of certain viruses, and phosphates of myco-
bacteria. Sugar and nucleotide derivatives, heat shock
protein (HSP), etc. [14]. The y8 T cells can recognize a
wide range of microorganisms, as well as infected or
transformed host cells [15]. The cells contribute to direct
cytotoxicity, involving both secretory and non-secretory
pathways, i.e., the release of granzymes and perforins
and the engagement of Fas and TNF-related apoptosis-
inducing ligand [TRAIL], respectively [16-18]. The y6
T cells constitute a small proportion of circulating lym-
phocytes, primarily localized within the epithelium, and
could account for up to 40% of colonic mucosal intraepi-
thelial lymphocytes [IEL]. However, intestinal y§ IEL fre-
quently comprises CD8" [50% of y8 IEL] [19, 20]. Recent
studies have unveiled that distinct subsets of y§ T cells
within the human colon are subject to local regulation by

the intestinal epithelium [21]. Recent studies have also
demonstrated the importance of yd T cells in the patho-
genesis of CD [22]. However, the immune characteristics
and clinical relevance of CD8* y8T cells, the main com-
ponent of intestinal y § T cells, in the intestine of CD
patients are still unclear. Therefore, we undertook this
study to investigate the immune characteristics of CD8*
y8 T cells in the intestinal tract of patients with CD,
aiming to determine their clinical relevance. The study
yielded significant and insightful findings.

Materials and methods

Characteristics of sample cohort

The advantage of this study is that since Crohn’s disease
is still a rare disease in China, but this study obtained
many precious tissue samples. Moreover, our screening
criteria are very strict. We excluded surgical specimens
for Crohn’s disease that were interfered by multiple fac-
tors and only collected biopsy specimens that met all
screening criteria. The rigorous selection of specimens
in this study also made the experimental results more
convincing.

The fresh intestinal biopsy samples analyzed in this
study included two groups of individuals: healthy con-
trols (n=21) and CD patients (n=21). CD patients were
diagnosed by endoscopy, histological criteria, radiologi-
cal studies, and clinical parameters. All enrolled patients
must be free of other autoimmune diseases, cancer, and
infectious diseases such as tuberculosis or hepatitis B.
Additionally, they should not have undergone intestinal
surgery, used immunosuppressive drugs, received organ
or bone marrow transplantation, or had blood trans-
fusions within the past year. Only patients in the active
phase were included, while those in remission were
excluded. The disease activity of CD was assessed using
the Crohn’s disease activity index (CDAI). A CDAI score
of <150 indicated disease remission, 150-220 indicated
mild activity, 220-450 indicated moderate activity, and
>450 indicated severe activity. CD patients with intesti-
nal biopsy samples were divided into subgroups of mildly
active (n=10) and moderately active (n=11). In this
study, samples of the enrolled cohorts were all obtained
from the ileal mucosa. Intestinal biopsy samples from
CD patients were obtained from ileal mucosa that was
macroscopically inflamed but non-ulcerated. Intestinal
biopsy samples of healthy controls were obtained from
the ileal mucosa of subjects who underwent endoscopy
but exhibited no endoscopic abnormalities. Intestinal
biopsy samples required for the study were obtained
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from the Department of Gastroenterology, Sir Run Run
Shaw Hospital, Zhejiang University School of Medicine,
Hangzhou, China. This study was authorized by the
Ethics Committee of Sir Run Run Shaw Hospital Affili-
ated with Zhejiang University School of Medicine (No.
2022-0293). The study was conducted according to the
principles of the Declaration of Helsinki. All subjects
signed written informed consent. Age and gender ratios
did not differ significantly between the study cohorts.
The clinical characteristics of the tissue donors are sum-
marized in Table 1.

Sample acquisition and processing

Fresh intestinal mucosal tissues from CD patients and
healthy individuals were obtained during endoscopy.
The collected tissues were preserved in sterile PBS and
promptly transported to the laboratory for further pro-
cessing. Initially, the intestinal mucosal tissues were finely
minced into small pieces. After incubation in Hank’s Bal-
anced Salt Solution (HBSS) containing DTT and EDTA
for 40 min, tissues were digested with Collagenase type
IV and DNAse for 2 h on a shaker at 37 °C. The digested
cell suspension was filtered through a 70-pm nylon mesh,
and the filtrate was washed twice in sterile PBS. Finally,
we isolated mononuclear cells from the ileal mucosa,
including the intraepithelial compartment and lamina
propria.

Fluorescence-activated flow cytometry analysis

We utilized mononuclear cells derived from the ileal
mucosa to assess the phenotypic and functional traits of
CD8" y8 T cells. The cells were subjected to cell surface
staining, fixation, and permeabilization to enable intra-
cellular staining. Cell staining was performed using the
following fluorochrome-conjugated antibodies: Zombie
Red™ Fixable Viability stain (BioLegend); Brilliant Violet
510™ anti-human CD45 mAb (Biolegend, USA), FITC
anti-human CD3 mADb (Biolegend, USA), APC/Fire™ 750
anti-human CD8 mAb (Biolegend, USA), Brilliant Violet
421™ anti-human TCR y/8 mAb (Biolegend, USA), Bril-
liant Violet 650™ anti-human CD183 (CXCR3) mAb (Bio-
legend, USA), Brilliant Violet 785™ anti-human HLA-DR
mAb (Biolegend, USA), PE anti-human CD279(PD-1)
mAb (Biolegend, USA), PE anti-human Perforin mAb
(Biolegend, USA), Alexa Fluor® 700 anti-human/mouse

Table 1 Clinical characteristics of the tissue donors in the study

Page 3 of 10

Granzyme B Recombinant mAb (Biolegend, USA), PE/
Cyanine7 anti-human CD253 (TRAIL) mAb (Biolegend,
USA). Cell fluorescence intensity was determined by
the DxFLEX flow cytometer (Beckman, USA). At least
100,000 events were collected for each sample. Flow
cytometry results were analyzed by FlowJo software
(Tree Star). The gating strategy is shown in Fig. 1A. To
account for the continuous expression pattern of fluores-
cent markers on the mentioned partial antibodies (TCR
y/8, CXCR3, HLA-DR, PD-1, Perforin, Granzyme B, and
TRAIL), we employed Fluorescence Minus One (FMO)
staining. The FMO staining results are included in the
supplementary material (Fig. S1).

Statistical analysis

Data on the graphs were expressed as the meantSEM
for each group and were analyzed using GraphPad Prism
software (v.9.4.0, Inc. San Diego, CA, USA). We used
the Mann—Whitney U tests for single comparisons and
two-way ANOVAs for multiple comparisons. The diag-
nostic value of each indicator was appraised using the
receiver operation characteristic (ROC) curves. The 95%
confidence interval was utilized to calculate the sensitiv-
ity, specificity and consistency, and the cut-off value was
selected when the Jordan index was at its maximum. A
two-sided P value<0.05 was considered significant for all
tests. The statistical significance was indicated as follows:
*##4p<0.0001, **p<0.001, *p<0.01, and *p<0.05. Not
significant: ns; p>0.05.

Results

The decrease in intestinal CD8" y& T cells in active CD
patients was influenced by the severity of disease activity
The absolute count of intestinal CD8" y8 T cells in all
enrolled subjects was analyzed by flow cytometry. The
results revealed that the absolute count of intestinal
CD8* y8 T cells was significantly decreased in active CD
patients compared to HCs (Fig. 1B). We then assessed the
frequency of intestinal CD8* y8 T cells in HCs and active
CD patients. Our findings demonstrated a significant
decrease in the frequency of intestinal CD8" y8 T cells in
active CD patients compared with HCs (Fig. 1C). These
data strongly indicate a reduction of intestinal CD8* y8 T
cells in active CD patients.

Group HC Mild CD Moderate CD
Case 21 10 11

Sex (male/female) 12/9 8/2 6/5

Age (years) 43(16-73) 32(21-61) 25(15-44)

CDAl score ND 189.7(161-214) 300.1(261.8-409.9)

Data are shown as median and range

ND: Not determined, HC: Healthy control, CD: Crohn’s Disease, CDAI: Crohn’s Disease Activity Index
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Fig. 1 The decrease in intestinal CD8* y& T cells in active CD patients was influenced by the severity of disease activity. (A) A full gating of flow cytometry
plots of the enrolled cohorts. (B) Pooled data compared the absolute count of CD8* y§ T cells (CD3 +TCR y&+CD8+) in the intestinal mucosa of HCs and
active CD patients. (C) Pooled data compared the frequency of CD8* y& T cells in the intestinal mucosa of HCs and active CD patients. (D) Pooled data
compared the absolute count of CD8* y& T cells in the intestinal mucosa from HCs, mildly active CD patients, and moderately active CD patients. (E)
Pooled data compared the frequency of CD8* y& T cells in the intestinal mucosa from HCs, mildly active CD patients, and moderately active CD patients.
(F) Pooled data compared the CXCR3 expression on CD8* y& T cells in the intestinal mucosa of HCs and active CD patients. (G) Pooled data compared
the CXCR3 expression on CD8* y8 T cells in the intestinal mucosa from HCs, mildly active CD patients, and moderately active CD patients. HCs: healthy

controls, CD: Crohn’s disease, CXCR3: chemokine receptor marker. Data are mean+SEM. *, P<0.05; **, P<0.01; ***, P<0.001; ****, p <0.0001

To further understand the relationship between the
decreased level of intestinal CD8" y8 T cells in active
CD patients and the varying degrees of disease activity in
patients, we further investigated the absolute count and
frequency of intestinal CD8* y8 T cells in CD patients of
varying degrees of disease activity. The results revealed
that compared with HCs, the absolute count of intestinal
CD8* y8 T cells decreased only in moderately active CD
patients and not in mildly active CD patients (Fig. 1D).
Compared with HCs, the frequency of intestinal CD8*
v¥8 T cells in mildly and moderately active CD patients
decreased. Furthermore, the decrease was more signifi-
cant in moderately active CD patients (Fig. 1E). These
data suggested that the reduction of intestinal CD8" y§
T cells was more pronounced in moderately active CD
patients as the degree of disease activity increased.

To understand the reason for the decrease in intesti-
nal CD8* y8 T cells of active CD patients, we analyzed
the expression of the chemokine receptor CXCR3 on
these cells. The purpose of this investigation was to

assess the migratory potential of intestinal CD8+yd T
cells. We found no significant difference in the expres-
sion of CXCR3 on intestinal CD8* y8 T cells in active CD
patients compared with HCs (Fig. 1F). In addition, there
was no significant difference in the expression of CXCR3
on intestinal CD8" y8 T cells among active CD patients
with varying degrees of disease activity (Fig. 1G), sug-
gesting that the migratory potential of intestinal CD8" y8
T cells was unaltered in active CD patients regardless of
disease activity.

Immune activation of intestinal CD8" y&T cells in active CD
patients was affected by the varying degrees of disease
activity

We assessed whether the immune status of intestinal
CD8" y8 T cells in active CD patients was activated or
suppressed by detecting the activation marker HLA-DR
and the immunosuppressive molecule PD-1. Compared
with HCs, we found that HLA-DR expression increased
in intestinal CD8* y8 T cells in active CD patients
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(Fig. 2A). Furthermore, there was no significant differ-
ence in the PD-1 expression in intestinal CD8* y8 T cells
in active CD patients compared with HCs (Fig. 2B). These
findings suggest that intestinal CD8* y8 T cells in active
CD patients exhibited an immune activation status.

To gain a more comprehensive understanding of the
association between the immune status of intestinal
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CD8" y8 T cells in patients with active CD and the
severity of disease activity, we conducted further inves-
tigations into the immune status of intestinal CD8* y8
T cells in CD patients with varying degrees of disease
activity. The results showed that HLA-DR expression was
upregulated on intestinal CD8* y8T in mildly and mod-
erately active CD patients compared with HCs. However,
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Fig. 2 Immune activation of intestinal CD8" y&T cells in active CD patients was affected by the varying degrees of disease activity. (A) Pooled data com-
pared the HLA-DR expression on CD8* y& T cells in the intestinal mucosa of HCs and active CD patients. (B) Pooled data compared the PD-1 expression
on CD8* y& T cells in the intestinal mucosa of HCs and active CD patients. (C) Pooled data compared the HLA-DR expression on CD8* y8 T cells in the
intestinal mucosa from HCs, mildly active CD patients, and moderately active CD patients. (D) Pooled data compared the PD-1 expression on CD8* vy T
cells in the intestinal mucosa from HCs, mildly active and moderately active CD patients. HLA-DR: activation marker, PD-1: immunosuppressive molecule.

Data are mean +SEM. *, P<0.05; **, P<0.01; ***, P<0.001; ****, p<0.0001
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compared with mildly active CD patients, the expression
of HLA-DR decreased on intestinal CD8" y8T in moder-
ately active CD patients (Fig. 2C). In addition, we found
no significant difference in the PD-1 expression on intes-
tinal CD8" y8 T cells in three groups (Fig. 2D). These
data indicate that although intestinal CD8* y§ T cells
were highly activated in mildly and moderately active CD
patients compared with HCs, their activation was more
pronounced in mildly active CD patients. As disease
activity increased, activation of intestinal CD8* y8 T cells
in moderately active CD patients weakened compared
with that of mildly active CD patients.

Enhanced cytotoxicity of intestinal CD8* y&T cells in active
CD patients was associated with disease activity degrees

To further understand the immune function of CD8"
y8T cells in active CD patients, we examined the expres-
sion of cytotoxic molecules (Perforin, Granzyme B,
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and TRAIL) in CD8* y8T to examine the cytotoxicity
of CD8* y8T cells. The results showed that the expres-
sion of cytotoxic molecules (Perforin and Granzyme
B) was significantly increased in intestinal CD8" y8T
cells in active CD patients compared with HCs (Fig. 3A,
B). Furthermore, we found no significant difference in
the TRAIL on intestinal CD8* y8 T cells in active CD
patients compared to HCs (Fig. 3C). These results suggest
the enhanced cytotoxicity of intestinal CD8" y8 T cells in
active CD patients.

To understand the relationship between the immune
function of intestinal CD8% y8 T cells in active CD
patients and the different degrees of disease activity in
patients, we further investigated the immune function of
intestinal CD8" y8 T in CD patients of varying degrees
of disease activity. We found that the expression of cyto-
toxic molecules (Perforin and Granzyme B) was signifi-
cantly increased in intestinal CD8* y8 T cells in mildly
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Fig. 3 Enhanced cytotoxicity of intestinal CD8" y&T cells in active CD patients was associated with disease activity degrees. (A-C) Pooled data compared
the expression of cytotoxic molecules (Perforin, Granzyme B, and TRAIL) on CD8" yS T cells in the intestinal mucosa of HCs and active CD patients. (D-F)
Pooled data compared the expression of cytotoxic molecules (Perforin, Granzyme B, and TRAIL) on CD8" y§ T cells in the intestinal mucosa from HCs,
mildly active CD patients, and moderately active CD patients. Perforin, Granzyme B, and TRAIL: cytotoxic molecules. Data are mean +SEM. *, P<0.05; **,

P<0.01; *** P<0.001; **** p<0.0001
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Fig. 4 ROC curve analysis of CD8" y& T cells in active CD patients. (A) To distinguish between healthy controls and active CD cases. HLA-DR* CD8" yST
cell ratio (AUC, 0.886), CD8* y6T ratio (AUC, 0.819), and CD8* y&T count (AUC, 0.776) showed the best predictive value for active CD. (B) To distinguish
between mildly active CD cases and moderately-severely active CD cases. Granzyme B CD8" y&T cell ratio (AUC, 0.846) and Perforin® CD8* y&T cell ratio
(AUC, 0.755) showed a good value to predict the moderately-severely active CD cases. AUC is an area under the curve

Table 2 Receiver operation characteristic curve parameters for active CD diagnosis

Parameters AUC P

Cut-off value

95% Cl Jordan index sensitivity speci-
ficity
HLA-DR*CD8*y8T 0.886 <0.0001 0.7886-0.9823  >21.90 0.6191 66.67% 95.24%
CD8*y8T ratio 0.819 0.0004 0.6847-0.9525 <1.325 0.6667 66.67% 100%
CD8*Y&T count 0.776 0.0022 0.6234-0.9276  <0.08073 0619 66.67% 95.24%
Granzyme B*CD8*y8T¢ 0.846 0.0075 0.6544-1.000  <14.75 0.7091 90.91% 80%
Perforin*CDS”yGTc 0.755 0.0486 0.5325-0.9766 <8.015 0.6091 90.91% 70%

HLA-DR* CD8*y8T,CD8* y8T ratio, and CD8* y8T count refer to the ability of HLA-DR* CD8* y&T cell ratio, CD8* y8T ratio, and CD8™ y&T count to distinguish between
healthy controls and active CD cases. Granzyme B* CD8* ySTC and Perforin® CD8" ySTC refer to the ability of Granzyme B* CD8" y&T cell ratio and Perforin* CD8*
y&T cell ratio to distinguish between mildly active CD cases and moderately-severely active CD cases.AUC, area under the curve; 95% Cl, 95% confidence interval

active CD patients compared with HCs. However, the
expression did not differ significantly in moderately
active CD patients. Compared with mildly active CD
patients, the expressions of cytotoxic molecules (Perforin
and Granzyme B) in intestinal CD8* y8T cells of mod-
erately active CD patients were significantly decreased
(Fig. 3D, E). In addition, we found no significant differ-
ence in the expression of TRAIL on intestinal CD8" y§
T cells in three groups (Fig. 3F). These data imply that
intestinal CD8* y8 T cells had enhanced cytotoxicity only
in mildly active CD patients.

ROC curve analysis of CD8" y6 T cells in active CD patients

Based on ROC curve analysis, we found that HLA-DR*
CD8* y8T cell ratio (AUC, 0.886), CD8* y8T ratio (AUC,
0.819), and CD8" y8T count (AUC, 0.776) exhibited

remarkable predictive value for identifying active CD
cases, with the high specificity of 95.24%, 100%, and
95.24% and sensitivity of 66.67%, 66.67%, and 66.67%,
respectively (Fig. 4A). We utilized parameters that exhib-
ited distinct expression levels in intestinal CD8" y8T
cells among patients with varying degrees of disease
activity to predict the disease activity in patients with
active CD. The results showed that Granzyme B* CD8*
y8T cell ratio(AUC, 0.846) and Perforin* CD8" y8T cell
ratio (AUC, 0.755) showed a good value to predict the
moderately-severely active CD cases with the specific-
ity of 80% and 70% and sensitivity of 90.91% and 90.91%,
respectively (Fig. 4B). Meanwhile, other parameters were
not statistically significant. (Detailed data are listed in
Table 2).
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Discussion

Previous studies have established a significant correla-
tion between the dysregulation of the intestinal immune
environment and the aberrant intestinal inflammatory
response observed in patients with CD. Most prior stud-
ies have primarily emphasized the role of conventional T
cells in the context of CD. Recently, studies have found
that unconventional yOT cells also play a role in the
pathogenesis and progression of CD [22]. Moreover,
CD8* y8T is the main population of intestinal y8T cells,
and its immune characteristics in the intestinal tract of
CD patients and its correlation with disease activity are
still unclear. Therefore, we focused on the immune char-
acteristics of CD8" y8T cells in the intestinal tract of CD
patients and their correlation with the degree of disease
activity in this study.

We first assessed the absolute count and frequency
of CD8" y8 T cells in the gut of active CD patients. The
results showed that the absolute count and frequency
of CD8* y8 T cells in the gut of active CD patients were
reduced, with a more pronounced reduction as the dis-
ease activity degrees increased. Previous research has
also shown that the frequency of intestinal CD8" y§ T
cells in active IBD patients was significantly lower com-
pared with HCs, correlated negatively with the degree
of disease activity, and increased to normal levels as a
result of anti-TNF-a therapy [23]. The y8 T cells express
the CXCR3 receptor on their surface, which binds to
local cell-produced chemokines in inflammatory lesions,
thereby recruiting CXCR3* y8 T cells to inflammatory
lesions [24]. Similarly, our research found that CD8* y§
T cells express CXCR3 receptors on the surface. To com-
prehend the underlying cause of the decrease in intesti-
nal CD8* y8 T cells among patients with active CD, we
investigated the expression of the chemokine receptor
CXCR3 on CD8"* y8 T cells. This analysis aimed to assess
the migratory potential of intestinal CD8* y8 T cells. We
found that the migratory potential of intestinal CD8" y§
T cells was not altered in patients with active CD regard-
less of disease activity, so the decrease in CD8* y8 T cells
was not due to migratory behavior but could be due to
other causes. For example, as the intestinal inflammatory
environment worsened, cell death increased and cell pro-
liferation decreased.

We then assessed whether the immune status of intesti-
nal CD8" y8 T cells in active CD patients was activated or
suppressed by examining the activation marker HLA-DR
and the immunosuppressive molecule PD-1. We found
intestinal CD8* y8 T cells were in a state of immune
activation in active CD patients. Additionally, we found
that although intestinal CD8" y8 T cells were highly acti-
vated in mildly and moderately active CD patients com-
pared with HCs, intestinal CD8" y8 T cell activation was
relatively attenuated in moderately active CD patients
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compared with mildly active CD patients. The reason
may be that in patients with low disease activity, the
intestinal immune environment is not yet imbalanced,
CD8" y8 T cells can still exert anti-inflammatory effects,
and the cells remain active. As disease activity continues
to increase, the patient’s intestinal inflammatory environ-
ment becomes more and more serious. Imbalance in the
intestinal immune environment leads to weakened acti-
vation of CD8" y8 T cells.

One study reported that aggravation of intestinal
inflammation by depletion/deficiency of gammadelta
T cells in different types of IBD animal models [25].
Another study reported CD8" y8 T cells showed nega-
tive correlation with disease activity [23]. These data
collectively suggest that CD8" y8 T cells play an anti-
inflammatory role in the human intestinal mucosa. Con-
ventional CD8" af T cells constitute the major cytotoxic
T cell population in vivo, whereas y§ T cells have been
proven cytotoxic [26]. Recent discoveries have demon-
strated the cytotoxic nature of CD8* y8 T cells, imply-
ing their potential anti-inflammatory role in eliminating
infected cells, tumor cells, or cells experiencing stress
due to various factors, including inflammation [23]. Fur-
thermore, lymphocytes may upregulate their cytotoxic
potential in situations requiring greater cytotoxicity in
the gut, i.e., infection, tumor, or inflammation. Cellular
cytotoxicity plays a role in inducing epithelial cell apop-
tosis and maintaining homeostasis. So how exactly do
highly activated CD8" y8 T cells in the intestine of active
CD patients play an “anti-inflammatory” role? We fur-
ther investigated the cytotoxicity of intestinal CD8" y8
T cells in active CD patients by examining the expres-
sion of cytotoxic molecules (Perforin, Granzyme B, and
TRAIL) in intestinal CD8" y8 T cells. We found intesti-
nal CD8" y8 T cells in active CD patients had enhanced
cytotoxicity compared with HCs. We further studied the
relationship between the cytotoxicity of intestinal CD8*
¥8 T cells in active CD patients and the different degrees
of disease activity. We found that intestinal CD8" y8 T
cells had enhanced cytotoxicity only in mildly active CD
patients. As disease activity increased, the cytotoxicity
of intestinal CD8* y8 T cells in moderately active CD
patients decreased relatively compared with mildly active
CD patients. These findings have allowed us to identify
the disparities in immune characteristics of intestinal
CD8" y8 T cells between healthy individuals and those
with CD. Furthermore, we have also delineated the varia-
tions in immune characteristics of intestinal CD8* y8§ T
cells among CD patients with varying degrees of disease
activity. These insights offer a valuable theoretical foun-
dation for the precise diagnosis of active CD and the
timely and effective prediction of disease activity levels.

At present, clinicians cannot accurately diagnose based
on existing laboratory indicators. Although pathological
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diagnosis is the gold standard, diagnosis takes too long
(about one week). We still need to find diagnostic meth-
ods that are accurate, convenient and time-consuming
to gain critical treatment time for patients. It only takes
about 6 h to obtain results using flow cytometry detec-
tion of biological markers in cells in this study. In addi-
tion, it does not require a separate invasion to obtain
the specimen, but a small piece of biopsy tissue can be
obtained during the necessary pathological biopsy, so it
is feasible. Therefore, we further analyzed the ROC curve
and found that HLA-DR* CD8* y8T cell ratio (AUC,
0.886; Sp, 95.24%; Se, 66.67%), CD8" y8T ratio (AUC,
0.819; Sp, 100%; Se, 66.67%) and CD8* y8T count (AUC,
0.776; Sp, 95.24%; Se, 66.67%) exhibited a good value for
assisting diagnosis of active CD. In addition, we found
that Granzyme B* CD8* y8T cell ratio (AUC, 0.846;
Sp, 80%; Se, 90.91%) and Perforin* CD8" y8T cell ratio
(AUC, 0.755; Sp, 70%; Se, 90.91%) are valuable indicators
to help distinguish mildly-moderately active CD cases.

In conclusion, this study found that intestinal CD8*
y8T was reduced in active CD patients, but their acti-
vation and cytotoxicity were enhanced. Further evalua-
tion revealed that the intestinal CD8" y8T cells in mildly
active CD patients decreased, and their activation and
cytotoxicity were enhanced, which might demonstrate
the positive anti-inflammatory effects of CD8* y8T cells
in mildly active CD patients. However, as the disease
activity levels increased, we observed a more pronounced
reduction in intestinal CD8% y§ T cells among moder-
ately active CD patients compared to those with mild
disease activity. Meanwhile, their activation and cyto-
toxicity were relatively attenuated. This characterization
reveals that the anti-inflammatory effects of CD8" y8T
cells might be impaired with increasing disease activity of
CD patients. In addition, we found that HLA-DR* CD8"
y8T cell ratio, CD8" y8T ratio, and CD8* y8T count had
a good value for assisting diagnosis of active CD, whereas
the ratios of Granzyme B* CD8* y8T cell and Perforin*
CD8* y8T cell were valuable indicators to help distin-
guish mildly-moderately active CD cases. These findings
may provide a new perspective and theoretical basis for
CD patients’ clinical diagnosis and immunotherapy.
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