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Abstract

Background: Infectious mononucleosis (IM), a common disease in

children, was often accompanied by excessive inflammatory

response and organ damage. This study aimed to explore the

CD26/ADA axis in the pathogenesis of acute Epstein-Barr virus



(EBV)-associated IM.

Methods: Thirty children with acute IM and thirty age-matched
controls from Children's Hospital of Soochow University were
enrolled in this study. The CD26 and adenosine deaminase (ADA)
mRNA were detected by real-time PCR in the peripheral blood.
Meanwhile, the levels of plasma interferon gamma (IFN-y),
interleukin (IL)-4 and IL-10 were measured by ELISA, and the
frequency of CD26-positive cells in CD4* T cells and CD8* T cells
was analyzed by flow cytometry.

Results: Children with acute IM had significantly higher expression
levels of CD26 mRNA and ADA mRNA than control group in
peripheral blood (P < 0.05). Plasma IL-4, IL-10 and INF-y level were
markedly elevated compared to the control group (£ < 0.05).
Furthermore, the plasma CD26 protein level was positively
correlated with ADA (r = 0.610, AJ0.01) and INF-y (r = 0.417, P =
0.022), and negatively correlated with the percentage of CD3*+ CD4+*
T cell (r = -0.446, P =0.014) and CD4* /CD8* ratio (r = -0.414, P =
0.023) in acute IM group. In addition, the frequency of CD26-positive
cells was elevated on CD8* T cells but markedly decreased on CD4*
CD39+* regulatory T cells (P < 0.05).

Conclusions: The peripheral blood CD26 and ADA mRNA levels

were elevated in acute IM. Moreover, CD26 exhibited cell-specific



alterations, being increased on CD8* T cells but reduced on CD4+*
CD39* Tregs.
Key Words: CD26, adenosine deaminase, cytokines, infectious

mononucleosis

Introduction

Epstein-Barr virus (EBV) belongs to the herpesvirus family, with
a positivity rate of antibody in serum exceeded 90% [1]. Primary EBV
infection can cause infectious mononucleosis (IM), which is typically
characterized by fever, cervical lymphadenopathy, and
pharyngotonsillitis [2]. Although acute IM is a self-limiting disease,
5-10% of pediatric patients may still progress to severe illness such
as acute hepatic failure [3] and hemophagocytic lymphohistiocytosis
(HLH), of which the mortality rate reaches as high as 50% [4].
However, the 1mmunopathogenic mechanisms underlying EBV
infection remain unclear.

Numerous previous studies have shown that the cytokines IL-4,
IL-6, IL-10 and IFN-y were significantly elevated in acute IM [5]. In
addition, the EBV-specific CD8* T-cell responses undergo significant
expansion, potentially driving immunopathological processes in
acute EBV infection [6]. During the persistent phase of infection,
EBV-specific CD8* T cells appear to be vital for controlling viral
replication. However, the immune response was excessively robust,

which can lead to the production of a large number of inflammatory



cytokines such as TNF-a and IL-6 [7], and caused organ damage. Our
previous studies [8,9] have revealed that serum adenosine
deaminase (ADA) enzymatic activity was significantly elevated in
children with EBV-IM and was positively correlated with the number
of CD8* T cells. Moreover, serum ADA also served as a biomarker

for disease severity in children with IM [10].

ADA, a key enzyme in the adenosine metabolic pathway, can bind
to CD26 and anchor on the cell surface as membrane-bound ADA,
thereby efficiently regulating adenosine concentration in the local
microenvironment. Additionally, the ADA-CD26 complex also
delivers co-stimulatory signals that activate lymmphocytes [11].CD26
is a type II transmembrane glycoprotein expressed on activated T
cells, B cells, and NK celis, with its expression level closely
correlating with cellular activation status and inflammatory
response intensity[12]. Previous research have demonstrated that
ADA/CD26 axis was involved in the pathogenesis of a variety of
immune-related diseases such as metabolic diseases, autoimmune
diseases, inflammatory infectious diseases, and tumors, and was
closely associated with disease severity, therapeutic efficacy, and
prognosis [13,14]. Notably, CD39 serves as a key marker of
functionally stable regulatory T cells (Treg cells) and exerts
immunosuppressive effects by hydrolyzing ATP to produce

adenosine [15]. Furthermore, CD39-derived adenosine can be



metabolized by ADA, while CD26-mediated co-stimulatory signals
may also influence the activity and stability of CD39* Treg cells.
However, the role of ADA/CD26 axis in the pathogenesis of EBV-IM
has not yet been explored. This study aims to investigate the
CD26/ADA axis expression in peripheral blood of children with acute
IM and its association with T cell subsets and cytokines, thereby
providing a basis for elucidating IM pathogenesis and identifying
potential biomarkers.
Materials and Methods
Participants

This prospective study was conducted at the Children’s Hospital
of Soochow University from May 2023 to August 2023. The study
population comprised childien aged >1 month to =16 years with a
confirmed diagnosis of IM. Exclusion criteria included: (1)
immunodeficiency disorders; (2) chronic or metabolic diseases; and
(3) use of immunosuppressive agents, antiviral drugs, or
immunomodulators within the preceding month. Thirty children with
acute IM were enrolled without severity stratification. There were
eighteen males and twelve females, with an average age of (5.5*2.4)
years. Thirty healthy children served as control group in the same
period, twelve males and eighteen females, with an average age of

(5.7%3.2) years. The inclusion criteria of the control group were no



history of immune system diseases, chronic diseases and infectious
diseases within the last month. There were no statistical difference
in gender and age between the two groups. This study, which was
approved by the Ethics Committee of Children’s Hospital of Soochow
University (No0.2023CS059), meets the ethical principles of the
Declaration of Helsinki. The informed consent was obtained from the
children’s parents.
Definition of IM

The criteria of IM were [16,17]: (1) the presence of at least three
clinical = manifestations: fever, cervical Ilymphadenopathy,
pharyngitis, splenomegaly, hepatomegaly and eyelid edema; (2)
presence of immunoglobulin IgM and IgG to EBV viral capsid antigen
(VCA), and without immunoglobulin IgG to EB nuclear antigen
(EBNA); and (3) exclusion of other viral infections such as
cytomegalovirus, human immunodeficiency virus, hepatotropic virus
and herpes simplex virus.
Real-time quantitative PCR (RT-qPCR) for CD26 and ADA
mRNA

2ml peripheral venous blood was collected from participants into
the EDTA tube within 24h after admission, then used the Ficoll
separation medium (Dakewei Biotechnology Co., Ltd. Guangdong,

China) to obtain peripheral blood mononuclear cells (PBMCs). Total



RNA was extracted using Trizol reagent according to the
manufacturer’s protocol. Next, using the Reverse Transcription kit
(Yisheng Biotechnology Co., Ltd, Shanghai, China) to perform
reverse transcription PCR. The qRT-PCR was performed using a
Universal Blue qPCR SYBR Master Mix kit (Applied Biosystems,
Foster City, CA, USA) and human RPS18 was used as an endogenous
control for CD26 and ADA. The reactions were performed under the
following conditions:95°C for 60s, followed by 40 cycles of 10s at
95°C and 60°C for 30s, and concluded with 1min at 60°C. The
average values of the cycle threshold (Ct) of the reactions in
triplicate were determined and use the 2-AACt method to analysis
data.

Table 1 The primers for genes

a —

Gene Upstream Primer Downstream Primer

H-ADA GGCTAACTACTCGCTCAACACA CCATAGGCTTTATAGAGCAGG
GAT TCG

H- TGGCGTGTTCAAGTGTGGAATA TCTGTAATGGTCAAGGTTGTCT

CD26 G TCTG

; S1a ESAAGCTTGTCATCAATG GAAA  TGATGACCCTTTTGGCTCCC

Enzyme-Linked Immunosorbent Assay (Elisa) assay for I1-4,

IL-10, INF-y, CD26 and ADA

Plasma was separated from venous blood, and IL-4, IL-10, INF-
y, CD26 and ADA levels were measured by enzyme-linked

immunosorbent assay kits (double antibody sandwich method,



Jiangsu Jingmei Biotechnology Co., Ltd, Jiangsu, China) in a
microplate reader.The standard diluent was used as the zero
standard.

Flow cytometry

Peripheral whole blood samples were labeled with antibodies
including anti-CD26-allophycocyanin (APC, clone BA5b, BioLegend,
Inc., San Diego, United States)[Janti-CD39-phycoerythrin (PE, clone
Al, BioLegend, Inc., San Diego, United States)[]anti-CD3-brilliant
violet (clone OKT3, BioLegend, Inc., San Diego, United States), anti-
CD4-fluorescein isothiocyanate (FITC,clonie RPA-T4, BioLegend, Inc.,
San Diego, United States) and anti-CD8-peridinin chlorophyll
protein-cyanine 5.5 (PerCP-Cyb5.5, clone SK1, BioLegend, Inc., San
Diego, United States), and then incubated in the dark for 15 min.
Afterward, 2 ml of erythrocyte lysis buffer was added and the
sample was incubated for 10 minutes. The mixture was then
centrifuged to remove the supernatant. Subsequently, PBS was
added to the pellet, followed by centrifugation and resuspension.
Data were acquired on a multi-color flow cytometer (Cytek Northern
Light 3 laser 16V-14B-8R, Shanghai, China). For each sample, a
minimum of 20,000 lymphocytes were collected. The acquisition rate
was maintained at 500-600 events per second to ensure data quality.

Data were analyzed using Flow]o software (version 10.10, Tree Star,



Ashland, OR, USA).The gating strategy was as follows: (1)
lymphocytes were identified by FSC-A vs SSC-A; (2) single cells were
selected using FSC-H vs. FSC-A; (3) CD3* T cells were identified; (4)
within CD3* cells, CD4*+ and CD8* subsets were distinguished; (5)
The percentage of CD39* cells among CD4+ T cell and CD8+* T cell
populations; (6) The percentage of CD26* cells among CD4+ T cell

and CD8* T cell populations.

Statistical analysis

The continuous variables were presented as mean = standard
deviation or interquartile ranges , and categorical variables as
percentages (%), respectively. The T-Test (normally distributed) and
Mann-Whitney U test (normaily distributed) for continuous variables.
Categorical variables were analyzed using the chi-square test.
Pearson's corre¢lation analysis was used to calculate the correlation
between two continuous variables. All statistical analyses were
conducted using IBM SPSS Statistics version 25.0 (IBM Corp., New
York, USA), and the figures were constructed using GraphPad Prism
version 9.0 (GraphPad Software, LLC, San Diego, USA). A P-value of
less than 0.05 was deemed statistically significant.
Results
Demographic and clinical characteristics of children with

acute IM



A total of 30 children with acute IM and 30 control children were
enrolled in this study. As shown in Table 2, peripheral blood white
blood cell (WBC) count, lymphocyte count, IgA, IgG, IgM, CD3+* T cell
(% and count) and CD3* CD8* T cell (% and count) in children with
acute IM were all significantly increased compared with controls (all
p < 0.05). However, the CD3* CD4* T cell (% and count) and CD4+*
/CD8* ratio was significantly decreased in acute IM group ( p < 0.05).
The expression of CD26 and ADA mRNA and plasma cytokines
levels in acute IM patients

As shown in Figures 1A and 1B, the levels of CD26 and ADA
mRNA expression were higher in children with acute IM compared
with controls (P[]0.05). As shown in Figure 2, it showed that the
plasma ADA, IL-4, 11.-10 and INF-y level were higher in acute IM
patients than control group (Z[] 0.05). However, there was no
significant difference in plasma CD26 level between the two groups

(P=0.5161).

The correlation between plasma CD26 level and other

indicators

As shown in Table 3, the CD26 was positively correlated with
ADA (r = 0.610, PJ0.01) and INF-y (r = 0.417, P = 0.022), and
negatively correlated with the percentage of CD3* CD4+ T cell (r = -

0.446, P = 0.014) and CD4* /CD8* ratio (r = -0.414, P = 0.023) in



acute IM group. However, no correlation was found between plasma
CD26 levels and other parameters, including lymphocyte count,
levels of IgA, IgG, IgM, IL-4, IL-10, and the frequencies of CD3* T
cells and CD3+* CD8* T cells (P> 0.05).
CD26 expression on lymphocyte subsets by flow cytometry
We analyzed the percentage of CD26-positive cells on
lymphocyte subsets between patients with IM and healthy controls.
First, we explored the percentage of CD26" cells in the CD3* CD4+*
T cell and CD3+ CD8™* T cell in peripheral blood between two groups
(Figure 3A and B). The frequency of CD8* CD39* T cells showed no
difference between the two groups, while the frequency of CD4+*
CD39+ T cells was markedly increased in children with acute IM (P
< 0.01) (Figure 4A). After gating on CD39-positive (CD39*) and
CD39-negative (CD39-) CD8+ T cells (Figure 3C and 3D), the
frequencies of CD26-positive (CD26") cells in these T cell subsets
were higher (P < 0.05) in the acute IM group than in the control
group (Figure 4B). After gating on CD39-positive (CD39*) and CD39-
negative (CD39-) CD4+ T cells (Figure 3E and 3F), the frequency of
CD4+ CD39* CD26* T cells and CD4+ CD39*+ CD26" T cells showed
no significant difference between the acute IM and control groups

(Figure 4C). However, the acute IM group exhibited a lower



frequency of CD4+ CD39- CD26* T cells but a higher frequency of

CD4+ CD39- CD26~ T cells compared to the control group.

Discussion

To explore the pathogenesis of EBV-infectious mononucleosis
(EBV-IM) in children, we focused on the CD26 molecule in immune
responses mediated by CD8* T cells and CD4+ T cells. Our findings
shed light on the potential significance of the further elucidating the
pathogenesis mechanisms during primary EBV infection.

Following the entry of EBV into the human body, the host
immune system played a critical role in recognizing and eliminating
EBYV infection. EBV-infected B lymphocytes undergo surface antigen
modification, prompting activated T cells to secrete inflammatory
mediators. Nevertheless, the dysregulation of immune response
contributed to the initiation and advancement of disease [5]. In this
study, the level of IgA, IgM, IgG, IL-4, IL-10 and INF-y in peripheral
blood were elevated in acute EBV-IM, which implied that humoral
and cellular immunity were activated in the acute EBV infection [8,9].
In addition, the high level of the pro-inflammatory factor such as IL-
2 and INF-y and anti-inflammatory factor IL-4 in peripheral blood
elucidated that the acute phase of EBV infection manifested as a
dynamic equilibrium between pro-inflammatory and anti-

inflammatory responses. Moreover, the peripheral blood



lymphocytes, particularly CD8* T cells, were significantly increased
in children with acute EBV-IM compared to the control group, with
an inverted CD4* /CD8* lymphocyte ratio. It was thought to be due
to excessive proliferation of CD8* T lymphocytes with a typical form,
which was crucial for eliminating EBV infection [9,18,19].

Previous studies have indicated the proliferation of effector T
cells and the production of cytokines were dependent on the activity
of ADA in malignancy-associated diseases [20]. Our previous study
demonstrated that ADA enzymatic activity was markedly elevated in
the peripheral blood of children with EBV-IM and positively
correlated with the CD8* T cell fracticn while negatively correlating
with CD4+* T lymphocytes [10]. In this study, it show that both ADA
mRNA and protein levels were significantly increased. The CD26
molecule, which is a key player in T-cell activation through its
interaction with ADA to modulate the adenosine metabolic pathway,
showed increased mRNA expression in children with EBV-IM in this
study. Concurrently, it was found that plasma CD26 protein level
correlated with ADA, CD4+ T lymphocyte percentage, CD4+ /CD8*
lymphocyte ratio and INF-y. Collectively, suggesting that CD26 and
ADA play significant roles in the immunopathogenesis of EBV-IM.
Moreover, it was demonstrated that ADA/CD26 axis can enhance

CD8* T cell function within the tumor microenvironment [21].



The ectoenzymes CD39, another pivotal enzyme in adenosine
metabolism, can degrade extracellular ATP to adenosine and have
been implicated in T-cell exhaustion [22]. Moreover, the absence of
surface CD26 along with CD39 expression can be regarded as a
useful biomarker for identifying and isolating functionally active
human Treg cells [23,24]. In contrast, CD26 was overexpressed on
most of effector T cells [25]. In this study, the proportion of CD39-
positive CD8* T cells in the peripheral blood of children with acute
IM showed no significant difference compared to healthy children.
However, the proportion of CD26-positive was significantly
increased in both CD8* CD39* T cells and CD8* CD39~ T cells. As a
crucial co-stimulatory molecule for T cell activation, CD26
synergistically potentiates CD3-mediated signaling. In CD39+CD8+
T cells, CD26 upregulation functions as a compensatory mechanism
that sustains effector function by neutralizing adenosine (ADO)-
mediated suppression via the ADA/CD26 axis[26]. Notably, even in
CD39- cells, elevated CD26 enhances microenvironmental ADO
clearance and metabolic fitness. Previous studies have demonstrated
that the CD26 positive T cells were closely associated not only with
the inflammatory progression of coronary syndrome [27] but also
with the tumor resistant microenvironment [21]. It was of note that

the proportion of CD39-expressing CD4+* T cells was markedly higher,



which indicated that regulatory CD4+ T cells were predominant
among CD4* T cells during the acute phase of EBV infection, which
may be responsible for increasing IL-10 in peripheral blood and
preventing excessive inflammation. Previous studies have
established CD4+ CD39- T cells as functionally active effector helper
T cell subsets, including Thl, Thl17, and Th2, which
characteristically express high levels of CD26 on their surface[28].
However, in infectious mononucleosis, the proportion of CD26-
expressing CD4+ CD39- T cells is significantly decreased, thereby
impairing helper T cell proliferation and inflammatory cytokine
secretion. In this study, the plasma CD26 protein exhibited no
alteration, whereas the frequency of CD26-expressing CD8*T
lymphocytes was markedly elevated and a significant decrease in
CD4+CD39* T cells in EBV-IM. This discrepancy suggests that CD26
regulation in IM may be primarily at the transcriptional level in
immune cells, with the protein remaining membrane-bound rather
than being shed into circulation. This contrasts with findings in some
autoimmune diseases. Previous research found that the serum CD26
was significantly decreased and increased CD26 expresses on
immune cells in rheumatoid arthritis, systemic lupus erythematosus
and multiple sclerosis [29-32], which suggested CD26 acted in

different ways in different diseases.



Conclusions

In acute EBV-IM, peripheral blood CD26 and ADA mRNA levels
were elevated. CD26 exhibited cell-specific alterations, being
increased on CD8* T cells but reduced on CD4+ CD39* Tregs, while
plasma CD26 protein correlated with ADA, IFN-y and CD4+ T cell
parameters.
Limitations

This study has not yet explored the CD26/ADA axis in mild versus
severe IM or its correlation with cytokine profiles. Subsequent
studies will recruit patients with severe IM for further investigation
and will single-cell RNA sequencing tc delineate the activation

pathways in which CD26 is implicated.
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IFN-y, Interferon gamma
IL-4 Interleukin-4
EBV Epstein-Barr virus
HLH Hemophagocytic
lymphohistiocytosis
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APC Allophycocyanin

PE phycoerythrin

FITC Fluorescein isothiocyanate

WBC Peripheral blood white blood
cell
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Figure 1 Comparisons of CD26 mRNA and ADA mRNA expression

between IM patients and controls. (A) CD26 mRNA in peripheral

blood; (B) ADA mRNA in peripheral blood. Statistically significant
differences (statistical t-test, *[JA]0.05, ***¥]H]0.0001).

Figure 2 The expression level of plasma CD26, ADA and cytokines

between IM patients and controls. (A) The expression level of plasma

CD26; (B) The expression level of plasma ADA; (C) The expression

level of plasma IL-4; (D) The expression level of plasma IL-10; (E)

The expression level of plasma IFN-y. ns[Jnot significant; Statistically

significant differences (statistical t-test, *[JA]0.05, **[]AJ0.01).

Figure 3 The CD26 expression in CD8*T cells and CD4* T cells.

PBMC obtained from IM and control group were stained with



relevant antibodies and analyzed by flow cytometry. (A) The
percentage of CD39-positive cells in CD3* CD8+ T cells. (B) The
percentage of CD39-positive cells in CD3* CD4+ T cells. (C) The
percentage of CD26-positive cells in CD8* CD39* T cells. (D) The
percentage of CD26-positive cells in CD8* CD39- T cells. (E) The
percentage of CD26-positive cells in CD4*+ CD39* T cells. (F) The
percentage of CD26-positive cells in CD4*+ CD39-T cells.

Figure 4 Comparison of the frequency of CD26-positive cells in
CD8* T cells and CD4+T cells between IM and control group. (A)
Comparison of the frequency of CD39-positive ceils in CD8* T cells
and CD4+T cells. (B) Comparison of the frequency of CD26-positive
cells in CD8* CD39*T cells and CD8* CD39T cells. (C) Comparison
of the frequency of CD26-positive cells in CD4*+ CD39*T cells and
CD4+ CD397T cells. ns [] not significant; Statistically significant
differences (statistical Mann-Whitney U test, *[] P[] 0.05, **[] P[]

0.01,*JAJ0.001,****]AJ0.0001).
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Table2 Demographic data and clinical characteristics of children

with acute IM

Control

Parameters IM (n=30) (n=30) Pvalue
Age 5.5+2.4 5.7+3.2 0.739
(mean+SD,year) T T '
Mal
a‘e 18(60.0) 12(40.0) 0.200

(n,%)
WBC count
(mean+SD, x10%/L) 14.5+6.5 7.7+2.5 []0.01
Lym count
IgA

2.1+1.0 0.8+0.7 0.01
(mean*=SD, g/L) 1
IgG

11.7+3.3 7.8+3.4 10.01
(mean=+SD, g/L) =
IgM

2.2+1.8 1.1+0.6 0.011
(mean+SD,g/L)
L h

ymphocytes 00.01

subgroups
CD3+

81.1+£9.1 69.5+6.7 0.01
(mean=*SD,%) 1
CD3+

7944+3911 2733+957 0.01
(mean=SD, cells/uL) 1
CD3+* CD4+

16.7+4.9 52.5+6.0 0.002
(mean=SD,%)
CD3+* CD4+

1547+693 2036673 0.01
(mean=SD, cells/uL) 1
CD3+ CD8*

54.3+11.2 24.1+6.1 0.01
(mean=SD,%) 1
CD3+* CD8*

5515+3388 1021+457 0.01
(mean=SD, cells/uL) 1
CD4+/CD8+ 0.3%0.1 1.8+0.6 [0.01

Abbreviations:WBC, white blood cells; Lym, lymphocyte; IgA,
Immunoglobulin A; IgG, Immunoglobulin G; IgM, Immunoglobulin
M.



Table 3 Correlation analysis of plasma CD26 level with various

variables in acute IM

Variable r P

Lym ("~ 109/L) 0.232 0.217
IgA(g/L) -0.154 0.417
IgG(g/L) 0.160 0.398
IgM(g/L) 0.115 0.543
CD3* (%) 0.252 0.179
CD3*CD4+ (%) -0.446 0.014
CD3*CD8* (%) 0.289 0.121
CD4+/CD8* -0.414 0.023
IL-4 (ng/L) 0.253 0.177
IL-10 (ng/L) -0.041 0.831
INF-y (ng/L) 0.417 0.022
ADA (U/L) 0.610 [10.01

Abbreviations: Lym, lymphocyte; IgA, Immunoglobulin A; IgG,
Immunoglobulin G; IgM, Immunoglobulin M;IL-4, Interleukin-4;
IL-10, Interleukin-10; INF-vy, Interferon-gamma; ADA, Adenosine
Deaminase.



