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ABSTRACT

The reactivation of polyomavirus BK (BKPyV) contributes to increased morbidity and
mortality rates of transplant patients, especially kidney transplant recipients (KTRs). CD4" T cells
are important immune cells active during BKPyV infection in K'TRs. This research tried to examine
the phenotype of CD4+ T cells in the stage of BKPyV activation in K'TRs.

The recipients were separated into 2 groups of BKPyV-active and nonactive K'TRs (10 patients
in each group) and were compared with 10 healthy control subjects. The viral load was evaluated
by Tag-man quantitative real-time PCR. The frequency of different CD4+ T cell subsets was
determined by analyzing markers such as CD45RO, CCR7, CD27, CD107a, perforin, and granzyme
B using flow cytometry. The gene expression levels of transcription factors, including TBX21,
GATA3, STAT3, and STATO, contributing to CD4* T cell activation, were also assessed.

A significantly higher proportion in CCR7*CD27*CD45RO-CD4* T cell (naive Tcell) subsets
was detected in BKPyV-active KTRs compared to nonactive ones. A significant increase was
detected in the frequency of CD107a", perforin®, and granzyme B* CD4* T cells in the BKPyV-
active group compared to the nonactive group. In CD4* T cells of KTRs, the mRNA expression
of TBX21 and GATA3 was significantly increased in KTRs without BKPyV reactivation compared
to BKPyV-active ones.

This investigation focused on the CD4* T cell as an immunodominant T cell type with potential
cytotoxicity. Based on these results, BKPyV may have a direct influence on the repertoire of CD4*
T cell subsets. Particulatly, cytotoxic CD4* T cells need further investigation to be considered as a
therapeutic approach for BKPyV infection.

Keywords: CD4 positive T lymphocytes; Cytotoxic; Human polyomavirus BK; Kidney
transplantations; T-lymphocytes
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humans. It is a small, nonenveloped virus.? BKPyV is
considered an opportunistic infection that poses a
significant challenge for kidney transplant recipients
(KTRs) and is one of the key factors contributing to late
renal graft loss and failure.®

The genome of BKPyV consists of 3 functional
genetic components: coding regions, including large T
antigen (T-Ag), small t antigen (t-Ag), and 4 late genes
(capsid proteins VP1, VP2, VP3, agnoprotein [agna],
and a pre-microRNA resulting in miRNA-5p and -3p).
Among these, VP1 is the major capsid protein,
prominently displayed on the virus surface, and
contains a small groove that potentially binds to host
cell molecules serving as receptors.*®> Additionally, the
noncoding control region encompasses the origin of
viral DNA replication, ori.>® Research on cellular
immunity has established that VVP1 is the primary target
for CD4* T cells and BKPyV-specific cytotoxic T
lymphocytes.”8

Previous research has established that BKPyV
infection poses a substantial challenge for KTRs,*%* and
BKPyV-associated  nephropathy  (PVAN) can
potentially lead to graft rejection.!**? Currently, the
adjustment of immunosuppressive drugs is the
recommended treatment approach for PVAN since there
is currently no proven effective antiviral drug available
for the treatment of these patients.®

The development of BK virus nephropathy (BKVN)
is significantly influenced by the adaptive immune
response. In healthy individuals, both subtypes of CD4*
T lymphocytes, including cytotoxic and helper T cells,
play a crucial role in effectively combating BKPyV
infection.®!4 However, BKPyV-specific CD8* T cells
are scarcely detected in cases of BK virus infection.*
Therefore, further exploration of CD4* T cells in the
context of BKPyV patients is warranted.

Weist et al. have described the critical role of
BKPyV-specific cytotoxic and helper CD4* T cells as
important immune cells in KTRs, leading to the
prevention of viral infection development.® cytotoxic
CD4* T lymphocytes exert a suppressive effect on
BKPyV replication, which is mediated through various
proinflammatory cytokines such as interferon-gamma
(IFN-y) and tumor necrosis factor-alpha (TNF-a).167

Moreover, the assessment of cytotoxic markers, such
as CD107a, perforin, and granzyme B, on CD4* T cells
is crucial for evaluating their functional capacity. 8
Therefore, investigating the frequency of different
subsets of CD4* T cells can be informative in detecting
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immune effector mechanisms against BKPyV
infection.® When exposed to antigens and cytokine
signaling, CD4* helper T cells differentiate into specific
effector subtypes, providing tailored responses to
different infectious agents. This differentiation process
is regulated by transcription factors, including T-box
transcription factor TBX21 (T-bet), signal transducer,
and activator of transcription 3 (STAT3), STATS6, and
GATA binding protein 3 (GATA3).2° To gain further
insight into the impact of BK infection on the
development of CD4* T cells, the expressions of
TBX21, STAT3, STAT6, and GATAS3 were assessed in
helper T cell development.

In this study, we examined the functional
characteristics of CD4* T cell subsets in KTRs with
BKPyV infection. We specifically evaluated the
frequency of cytotoxic effector markers, including
CD107a, perforin, and granzyme B. Our research aimed
to determine whether the functional subtypes of CD4* T
cells alone could serve as indicators of cytolytic effector
activity in patients undergoing intensive
immunosuppressive treatments.

MATERIALS AND METHODS

Donor Cells and Preparation

Human peripheral blood mononuclear cells (PBMCs)
were isolated from 20 mL of ethylenediaminetetraacetic
acid (EDTA)-treated blood obtained from 10 adult
BKPyV active KTRs, 10 KTRs without BKPyV
reactivation, and 10 healthy controls with no history of
other infectious diseases such as hepatitis C virus,
hepatitis B virus,  cytomegalovirus, human
immunodeficiency virus (HIV), or adenovirus. The
samples were collected between March 2018 and
December 2020 at Abu Ali Sina Transplant Hospital in
Shiraz, Iran.

The KTRs included in this study were admitted to
the hospital with elevated serum creatinine levels and
blood urea nitrogen levels and exhibited clinical
manifestations such as diarrhea, fever, abdominal pain,
and fatigue. BKPyV active infection was determined
using Tag-man real-time polymerase chain reaction
(PCR), with a viral load of more than 10,000 copies/mL
considered a positive result for viral infection.

The standard treatment regimen for KTRs consisted
of cyclosporine, initially administered at a dose of 5
mg/kg, followed by a maintenance dose of 3.0 mg/kg per
day. Prednisolone was administered at an initial dose of
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120 mg/day, which was then reduced to a maintenance
dose of 10 mg/day. Additionally, mycophenolate mofetil
capsules were administered twice daily as per the
recommended dose. The blood samples for research
were collected after discontinuing the BKPyV
prevention and treatment regimen for at least 6 months.
Participants who experienced rejection during the
sampling process were excluded from the study.

Determining Antibody Titer Against BKPyV

The plasma of the samples was used to determine the
BKPyV serostatus by specific immunoglobulin (1g) G
serum antibody titers against BKPyV using direct
enzyme-linked  immunosorbent  assay  (ELISA;
MyBioSource, United States), according to the
manufacturer’s instructions.

CD4* T Cell Isolation from PBMC

PBMCs and plasma were isolated from KTRs and
healthy controls to collect CD4* T cells. In brief, 3 mL
of fresh Ficoll Paque (Lymphodex, inno-train, Spain)
was slowly added to a 50-mL centrifuge sterile tube,
followed by adding 11 mL of the diluted blood sample.
All samples were centrifuged for 20 minutes at 22°C and
350g. The enriched mononuclear cells in the interface
between the Ficoll and plasma layer were harvested by
careful pipetting into a new tube. The cells were washed
twice in a sterile phosphate-buffered saline solution.

CD4* T cells were separated from collected PBMCs
by using a commercial column-based method called
magnetic cell sorting protocols based on negative
selection (CD4* T Cell Isolation Kit, Miltenyi Biotec,
Bergisch Gladbach, Germany) to acquire highly purified
CDA4* T cell subsets. The harvested cells were collected,
washed, and counted with a conventional
hemocytometer and then added to the culture media. The
purpose of using cell culture was to keep the cells fresh
before flow cytometry and immunotyping and to
increase the percentage of cell viability. The culture
medium was compromised of Roswell Park Memorial
Institute (RPMI) 1640 medium (Gibco Laboratories,
Grand Island, NY, USA) supplemented with 2 mM L-
glutamine, 10% fetal bovine serum (Gibco Laboratories,
Grand lIsland, NY, USA), and 1% penicillin and
streptomycin (5 mg/mL).

Purity Assessment of Isolated Samples

The purified T cells were treated with a cocktail
containing antihuman monoclonal antibodies specific
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for CD3 and antihuman monoclonal antibodies specific
for CD4 to determine the proportion of T cells
representing CD8* T cell contamination. Forward and
side scatter (FSC and SSC) gating were utilized to detect
differences in lymphocyte cell debris counts.

Antibodies and Immunofluorescence Detection

The cell surface staining was performed with the
following panel of mouse monoclonal antibodies
against: PerCP/Cyanine5.5 antihuman CD3 Antibody
(300429, Biolegend, USA), PE antihuman CD4
Antibody (317409, Biolegend, USA), PE antihuman
CD27 Antibody (356405, Biolegend, USA), PerCPCY
antihuman CD45RO Antibody (304221, Biolegend,
USA), FITC antihuman CCR7 Antibody (353215,
Biolegend, USA), and to detect the cytotoxicity of cells,
including PE antihuman Perforin Antibody (353303,
Biolegend, USA), FITC antihuman/mouse Granzyme B
Recombinant Antibody (372205, Biolegend, USA), and
PerCP/Cyanine5.5 antihuman CD107a (LAMP-1)
Antibody (328615, Biolegend, USA) were used. The
blocking step was done for nonspecific antibody binding
with 10% heat-inactivated bovine serum albumin.

Isotype control antibodies were used as a negative
control to characterize the antibody’s nonspecific
binding, including PerCP/Cyanine5.5 Mouse 1gG2a,
kappa Isotype Ctrl (400251, Biolegend, USA), PE
Mouse 1gG1, kappa Isotype Ctrl (400113, Biolegend,
USA), PE Mouse 1gG2b, kappa Isotype Ctrl (400313,
Biolegend, USA), PerCP/Cyanine5.5 Mouse 1gG1,
kappa Isotype Ctrl (400149, Biolegend, USA), 1gG2a, k-
FITC lIsotype Ctrl (400209, Biolegend, USA), FITC
Mouse 1Ggl kappa Isotype Ctrl (400137, Biolegend,
USA) The cell suspension was stained in a staining
buffer, and 20,000 events were obtained per sample
using a BD fluorescence-activated cell sorting (FACS)
flow cytometer.

Fluorochrome Standard Beads

The standard fluorescent microspheres were colored
beads with conjugated antibodies to either PE, FITC, or
PerCP/Cyanine5.5. After staining, the bead dilution
buffer was provided with the beads in a buffer before
assay on BD FACSCalibur (per tube obtaining a single-
color standard). This approach supports establishing
spectral overlap and exact compensation corrections of
any  combination of  fluorochrome-conjugated
antibodies.
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Gene Expression

The relative mRNA levels of the STAT6, STAT3,
GATAS3, and TBX21 were evaluated in the isolated
CD4*T cells using SYBR Green real-time PCR
protocols. A TRIzol reagent was used to extract total
human RNA from CD4" T cells. The PrimeScript
Reverse Transcription Reagent Kit (Takara, Japan) was
used to perform first-strand cDNA synthesis.?!’ PCR
reactions were prepared in triplicates at a final volume
of 20 pL using ABI StepOnePlus (Applied Biosystems,
USA). Protocol for the SYBR Green real-time PCR
program, reaction mixtures. Primer sequences can be
found in Supplementary Table.

Statistical and Analysis
The data description was presented as the

mean+SEM. The student’s independent t-test, Kruskal-
Wallis, and analysis of variance (ANOVA) tests were
used for analysis and according to the bivariate
normality assumption confirmed by the Pearson and
D’Agostino omnibus tests. GraphPad Prism software
version 7.0 was used for statistical analysis and
visualization. Significant differences in the means
between the groups are represented by *p<0.05,
**p<0.01, and ***p<0.001.

RESULTS

The demographic data and clinical characteristics of
both KTRs and healthy individuals are briefly
summarized in Table 1. BKPyV active KTRs had a mean
peak of viral load value above 10,000 copies per mL.

Table 1. Demographic and descriptive characteristics of KTRs and healthy controls

BKPyV active KTRs KTRs without BKPyV Healthy control
reactivation
Total number of patients 10 10 10
Gender Male =5 Male = 5 Male =7
Female =5 Female =5 Female =3
Mean age (years) 534 48.9 38.1
Blood groups Oo*=4 Oo*=4 0"=3
A*=3 A*=3 A*=5
AB*=1 B*=3 B*=2
B*=2
Type of transplantation
Cadaver donor 100% 100%
Living donor 0% 0%
Underlying disease
Hypertension and diabetes 5 7
Only hypertension 2 1
Others 3 3

KTRs: kidney transplant recipients

The gating strategy was used on isolated CD4* T
cells (based on live, SSC, and FSC gating). The
following gating strategy was used to evaluate the
percentage of CCR7* and CD27* T cells expressing
CD4* with the presence or absence of the CD45RO
surface marker.

Different subpopulations of CD4* T cells were
determined as follows: CCR7*CD27*CD45ROCD4* T
cells (naive T cells), CCR7*CD27*CD45RO*CD4* T

382/ Iran J Allergy Asthma Immunol

central memory cells (TCM), and CCR7, CD27
CD45RO* CD4* T effector memory cells (TEM)
(Figures 1A, 1B, and 1C). Cytotoxic CD4* T cells were
evaluated based on intracellular markers, including
CD107a, perforin, and granzyme B (Figures 1D, 1E, and
1F).

Vol. 22, No. 4, August 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Cytotoxic CD4+ T Cells in Kidney Transplant Recipients

10K - 4
A ) BIO a3 Q2 10K - e o
15 545 c 0 0
00 = 4
i 10° 5 CD27-CCR7+CDA-T cells -
00 — «D4+ T Cells CD27+CCR7+CD4- T cells U
T W ow-
ﬁ . 854 B 2- LA a
; ,,“A,'f - 5 10
“00 - [¥) E 40 =
1
200 — 10
o —r — —r 1o®
° PR - -8 S ST e
10° 10! 10 10° 10
FSC CcD27
1ok =~ ] 4 4
D ek £ 10 o3 o2 1.0K 1ot @2
3s2 2as E 0
800 = h
800 =
10" PERF-GB+CD4+ T cells ]

© CD4+T cells
600 . 911

GB

SsSC

40~ -

3

3 "mgerrlamcm* Tcells
K

b
L5

"=

200 =

%29 - PERF+GB-CD4+ T cells

los
1593

o
o082

T e
800 800 1.0K »

2 CD107a+CD4+ T cells
3 Q3
941

CD107a

Figure 1. The gating strategy used for CD4* T cells. A and D: CD4* T cells were gated according to FSC/SSC. B: CCR7/CD27
were gated on the CD4* T cells dot plot. C: CD45RO/SSC cells were gated based on the CCR7 and CD27 dot plot. E: Perforin
and granzyme B were gated on the CD4* T cells dot plot. F: CD107a* cells were gated on perforin and granzyme B dot plot.

FSC: forward scatter; SSC: side scatter.

Analysis of Naive T Cells, TCM, and CD4" TEM
Cells

CD4* T cells coexpressing CCR7, CD27, and
CD45R0 were counted to determine the frequency of 3
phenotypically different subpopulations: naive T cells,
TCM, and TEM CD4"* T cells (Figure 2).

The percentage of CCR7*CD27*CD45ROCD4* T
cell (naive T cell) subpopulation was nonsignificantly
increased in patients with active BKPyV compared to
KTRs without BKPyV reactivation. Moreover, BKPyV-
active KTRs had similar levels of naive T cells as
healthy controls, while KTRs without BKPyV
reactivation had significantly lower levels (p=0.0186;
mean difference=15.52) (Figure 2A).

After analyzing the CCR7*CD27*CD45RO*CD4* T
cell subset (TCM), we found that BKPyV-active KTRs
had a nonsignificantly decreased frequency compared to
healthy controls, and BKPyV-active KTRs had a lower
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frequency than Individuals KTRs without BKPyV
reactivation. KTRs without BKPyV reactivation
exhibited a relatively increased TCM frequency
compared to healthy controls; however, this disparity
did not reach statistical significance (Figure 2B).

BKPyV-active KTRs had a higher percentage of
TEM (CCR7-CD27-CD45R0O*CD4* T cells) than both
KTRs without BKPyV reactivation and healthy controls,
but the difference was not significant. Similarly, there
was no significant difference in TEM frequency between
KTRs without BKPyV reactivation and healthy controls
(Figure 2C).

Analysis of CD107a/LAMP-1,
Granzyme B in CD4* T Cells
When the cytotoxic activity was assessed in BKPyV
active subjects, the percentage of CD107A/LAMP-1*,
perforin® granzyme B* CD4" T cells was significantly

Perforin, and
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less than KTRs without BKPyV reactivation (p=0.0262,
mean difference=15.95%; Figure 2D). In healthy
people, the number of the CD107A/LAMP-1* Perforin*
Granzyme B* CD4* T cell subset was significantly lower
than KTRs without BKPyV reactivation (p=0.0177;
mean difference=10.94%; Figure 2D). Furthermore,
there were no statistically significant differences
between the percentage of CD107A/LAMP-1* perforin*
granzyme B* CD4* T cells in BKPyV-active KTRs
compared to healthy individuals.

Analysis of mMRNA Expression Levels of Studied
Genes in Isolated CD4* T Cells

We found that BKPyV-active KTRs had lower levels
of TBX21 mRNA, a gene that regulates immune cells,
than healthy people (p=0.0216, mean difference=5.24%)
(Figure 4A). Moreover, BKPyV-active KTRs had much
lower TBX21 mRNA levels than KTRs who did not
have  BKPyV  reactivation  (p=0.0003, mean
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difference=7.25%).

GATA3 mRNA expression level was significantly
decreased in BKPyV-active KTRs compared to both
KTRs without BKPyV reactivation ones and healthy
controls, respectively (p=0.0097, mean
difference=1.9%; p=0.0136, mean difference=4.97%;
Figure 4B). As presented in Figures 4A and 4B, the
analysis of TBX21 and GATA3 mRNA demonstrated
significantly reduced expression levels of these genes in
BKPyV-active KTRs in comparison with KTRs without
BKPyV reactivation; however, this finding resembles
the healthy group.

A significant correlation was detected between
GATAS3 expression with both STAT6 and STAT3 mRNA
levels (with 0.743 and 0.675 coefficient ranges,
respectively). Furthermore, there is a significant
correlation between STAT3 and STAT6 with a 0.655
coefficient range among BKPyV-active KTRs (Figure 3).

Central memory T cells

NS

% CD4T Cells
¥

Figure 2. Analyzing the expression patterns of distinct CD4* T cell subsets within 3 different experimental categories: 10
BKPyV-active KTRs, 10 KTRs without BKPyV reactivation, and 10 healthy controls; A: CCR7*CD27*CD45ROCD4* T cells
(naive T cell); B: CD27*CD45RO*CD4* T Cells (central memory cells); C: CCR7-CD27-CD45RO*CD4* T cells (Effector
memory cells); D: CD107a*perforin*granzyme B*CD4* T cells (cytotoxic activity). The mean frequency of all subpopulations
of CD4+ T cells among BKPyV-active and KTRs without BKPyV reactivation has been analyzed. Significant consequences:
*p<0.05; **p<0.01; ***p<0.001. The data are expressed as meanstSEM.

KTRs: kidney transplant recipients, BKPyV+: BKPyV-active KTRs, BKPyV-: KTRs without BKPyV reactivation.

384/ Iran J Allergy Asthma Immunol

Vol. 22, No. 4, August 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Cytotoxic CD4+ T Cells in Kidney Transplant Recipients

1.0
TBX21
0.8
STAT6
0.6
STAT3
0.4
GATA3

TBX21 STAT6  STAT3  GATAS

Figure 3. Matrix heatmap using Spearman rank correlation analysis between gene expression levels of CD4* T cells among
BKPyV-active KTRs. Significant positive (red) and negative (blue) correlations are shown in the figure. Dark red segments
displayed self-to-self correlation analysis for data on monitoring gene expression. The correlation coefficients range from +1 to
-1.
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Figure 4. The charts depicting CD4+ T cell behavior in BKPyV-infected KTRs highlight variations in the levels of TBX21,
GATAS3, STAT3, and STAT6 mRNA expression. A: Outcomes presented a significantly higher frequency of TBX21 mRNA
expression in KTRs without BKPyV reactivation compared to active ones; however, this level of mMRNA expression is very
similar to healthy controls. B: The mRNA expression level of GATA3 in BKPyV-active KTRs is significantly less than healthy
controls and KTRs without BKPyV reactivation. Healthy controls have significant upregulation of TBX21 and GATA3
expression compared to both groups of KTRs. C and D: The results of STAT3 and STAT6 gene expression levels are not
significant among BKPyV-active KTRs, KTRs without BKPyV reactivation, and healthy controls. The healthy control group
is used for normalizing the studied genes. The results are displayed as mean+SEM of 3 independent cultures (*p < 0.05; **p <
0.01 and ****p < 0.0001).

KTRs: kidney transplant recipients, BKPyV+:BKPyV-active KTRs, BKPyV-: KTRs without BKPyV reactivation.
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DISCUSSION

Cellular immunity plays a crucial role in preventing
BKPyV replication, which can ultimately lead to
allograft failure. 22 Previous studies have highlighted
the significance of T cells in protecting against BKPyV
infection.®?! Despite significant progress in the
management of BKPyV infection, the clearance of
viremia varies among patients, ranging from a few
weeks to several years. 2

The available evidence suggests that CD4* T cells
have a substantial role in eliminating BKPyV-infected
cells in KTRs. However, this function is compromised
by the administration of prednisolone and calcineurin
inhibitors. Additionally, studies have demonstrated the
importance of cytotoxic CD4* T cells in other infections,
such as Epstein-Barr virus and HIV. 2425

BK virus-specific CD4* T cell lines exhibit a helper
effector cell phenotype in vitro, which can be rapidly
stimulated to exert cytotoxicity through the secretion of
granzyme B.° Recent studies have demonstrated that
CD4* T cells, similar to CD8" T cells, possess cytotoxic
potential by exhibiting the degranulation marker
CD107a and releasing cytotoxic effector molecules such
as granzyme B.2 In the present investigation, a
significant ~ decrease in  the  expression  of
CD107a/LAMP-1, perforin, and granzyme B was
observed in CD4* T cells from BKPyV-active KTRs
compared to KTRs without BKPyV reactivation.
Conversely, CD4* T cells from KTRs without BKPyV
reactivation exhibited stronger cytotoxic responses
against BKPyV, as evidenced by the upregulation of
CD107a/LAMP-1, perforin, and granzyme B, which
potentially contributes to the control of BKPyV
reactivation. It is noteworthy that in BKPyV-infected
KTRs, a significant proportion of the CD4* T-cell
population is involved in lysing infected cells through
the secretion of perforin and granzyme B, particularly in
high-risk immunocompromised individuals such as
patients with chronic kidney disease.?®

This finding suggests that the granzyme B/perforin
pathway, which leads to the lysis of target cells, is a
crucial immunological mechanism employed by
BKPyV-specific CD4* T lymphocytes for the direct
killing of infected cells. 2" Additionally, the activation of
cytotoxic memory CD4* T cells also plays an important
role in reducing viral replication.?®

It is important to note that the induction of adaptive
immune responses is influenced by CD4* T cell signals.
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These signals enable antigen-presenting cells to
stimulate naive CD8" T cells, leading to the generation
of a large population of cytotoxic T lymphocytes.
Furthermore, CD4* T cells assist in the differentiation of
B cells into plasma cells that secrete immunoglobulins.
Therefore, the generation of cytolytic CD8* T cells and
antibody-secreting plasma cells for protection against
chronic viral infections relies on the assistance of CD4*
T cells. A high count of CD4* T cells contributes to the
development of memory CD8" T cells and facilitates
their independent recognition of target cells.?®2°

We observed a nonsignificant increase in the T naive
subset of CD4* cells in BKPyV active- KTRs compared
to KTRs without BKPyV reactivation. However, this
difference would likely become significant with a larger
sample size. Furthermore, TCM CD4* T cells showed a
nonsignificant decrease in BKPyV-active KTRs
compared to KTRs without BKPyV reactivation. Espada
et al. reported that the majority of CD4* T cells in
BKPyV-infected KTRs were TCM and T naive cells.
Conversely, very few CD8* cells with naive or TCM
phenotypes were found during BKPyV activation
following allogeneic hematopoietic cell
transplantation.®

The observed results align with logical expectations,
as an increase in the naive phenotype and a decrease in
the TCM phenotype were observed in the BKPyV-active
population. Conversely, the KTRs without BKPyV
reactivation exhibited the opposite pattern. This finding
suggests that TCM cells play a crucial role in preventing
BKPyV active infection. Additionally, TEM CD4* T
cells showed a nonsignificant enhancement in BKPyV-
active KTRs compared to both the KTRs without
BKPyV reactivation and the healthy control groups.
This could indicate a delayed recovery of TEM CD4* T
cells, which may contribute to the increased
susceptibility to BKPyV activation. A study by Menter
et al. observed that BKPyV-specific CD4* helper T
lymphocytes predominantly consisted of TEM cells.
Furthermore, the TCM cell population, which
constituted a minority of memory T cells, significantly
increased after the clearance of severe BKPyV
infection.*°

Transcription factors also play a significant role in
this context, as studies have demonstrated the critical
involvement of transcription factors such as TBX21,
STAT3, STAT6, and GATAS in the differentiation of
various memory and effector subsets.3-% In vitro studies
have revealed that BKPyV-specific T cells from KTR
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patients often exhibit reduced expression levels of key
transcriptional regulators, including TBX21. However,
ex vivo stimulation of T cells with BKPyV epitopes
selectively increased the expression of TBX21 .1°
Consistent with these findings, our results showed
significant downregulation of TBX21 in BKPyV-active
KTRs compared to both KTRs without BKPyV
reactivation and the control group.

Yoshida et al. demonstrated that BKPyV-specific T
cells expressing STAT3 are crucial in generating an
immune response in renal transplant recipients.® In our
study, we observed lower expressions of STAT3 in
CD4* T cells from patients with active BKPyV
compared to KTRs without BKPyV reactivation and
healthy controls, although the difference was not
statistically significant. Besides STAT3, STAT6 plays a
vital role in renal fibrosis and has a cell-protective effect
against kidney cell apoptosis.®” Although not
statistically significant, we also observed decreased
MRNA levels of STAT6 in BKPyV active KTRs
compared to KTRs without BKPyV reactivation and
healthy controls.

Another crucial transcription factor is GATAS,
which plays a regulatory role in the differentiation of
naive CD4* T cells into the T helper type 2 (Th2) cell
lineages.® In vitro, the coexpression of GATA3 and
TBX21 has been observed in Thl cells, suggesting their
involvement in the plasticity of effector T-cell
subtypes.3%4

Our findings demonstrated a significant reduction in
GATAZ3 expression in BKPyV-active KTRs compared
to the other groups studied. This observation indicates
that the expression of both TBX21 and GATA3 markers
decreases in CD4* T cells following viral activation.
Consequently, the deficiency of TBX21 and GATA3
expression may contribute to BKPyV activation.

These results highlight the importance of efficient
CD4* T cell activation as a protective factor against
BKPyV infection and its impact on defining the clinical
course of viral proliferation and infection. These
significant findings may have implications for the
monitoring and treatment of BKPyV infection and
nephropathy, as well as the development of immune cell
therapy targeted against human BKPyV infection. We
should take into consideration the limitations of our
study, specifically the lack of interval times between our
assessments due to the unavailability of our study
groups.

Vol. 22, No. 4, August 2023

Based on the findings of this study, we suggest that
monitoring the levels of perforin, CD107a, and
granzyme B as indicators of cytotoxic activation could
serve as important markers with high sensitivity for
assessing the functionality of CD4* T cells in BKPyV-
infected KTRs. Consequently, cytotoxic CD4* T cells
may be considered a potential target for therapeutic
strategies in the management of BKVVAN.

STATEMENT OF ETHICS

The Research Ethics Committee of Shiraz University
of Medical Sciences approved the project (Reference
number: IR.SUMS.REC. 1396.5835).

FUNDING

This study was financially supported by Shiraz
University of Medical Sciences (Grant N0.12968).

CONFLICT OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGEMENTS

The authors thank the Abu Ali Sina Hospital, Shiraz,
Iran, and the participants for sample collection.

REFERENCES

1. Moens U, Calvignac-Spencer S, Lauber C, Ramqyvist T,
Feltkamp MC, Daugherty MD, et al. ICTV virus
taxonomy profile: Polyomaviridae. J General Virol.
2017;98(6):1159-60.

2. Kariminik A, Yaghobi R, Dabiri S. CXCL9 expression
and polyomavirus BK infectivity in renal transplant
patients  with  nephropathy. Cell Mol Biol.
2016;62(1):104-8.

3. Cohen-Bucay A, Ramirez S, Gordon CE, Francis JM,
Chitalia V. Advances in BK Virus Complications in
Organ Transplantation and Beyond. Kidney Medicine.
2020.

4. Ledford RM, Patel NR, Demenczuk TM, Watanyar A,
Herbertz T, Collett MS, et al. VP1 sequencing of all
human rhinovirus serotypes: insights into genus
phylogeny and susceptibility to antiviral capsid-binding
compounds. J Virol. 2004;78(7):3663-74.

Iran J Allergy Asthma Immunol/ 387

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

17.

N. Noshadi, et al.

Funahashi Y. BK Virus-Associated Nephropathy after
Renal Transplantation. Pathogens. 2021;10(2):150.
Foroudi MR, Yaghobi R, Afshari A, Roozbeh J,
Miresmaeili SM, Javid A. The effect of BK polyomavirus
large T antigen on CD4 and CD8 T cells in kidney
transplant recipients. Transplant Immunol.
2022;74:101655.

Krymskaya L, Sharma MC, Martinez J, Haq W, Huang
EC, Limaye AP, et al. Cross-reactivity of T lymphocytes
recognizing a human cytotoxic T-lymphocyte epitope
within BK and JC virus VP1 polypeptides. J Virol.
2005;79(17):11170-8.

Bohl DL, Brennan DC. BK virus nephropathy and kidney
transplantation. Clin  J Am Society Nephrol.
2007;2(Supplement 1):S36-S46.

Weist B, Schmueck M, Fuehrer H, Sattler A, Reinke P,
Babel N. The role of CD4+ T cells in BKV-specific T cell
immunity. Med Microbiol Immunol. 2014;203(6):395-
408.

Dakroub F, Touzé A, Akl H, Brochot E. Pre-
transplantation assessment of BK virus serostatus:
significance, current methods, and obstacles. Viruses.
2019;11(10):945.

Azar MM, Assi R, Valika AK, Banach DB, Hall IE,
Landry M-L, et al. Graft loss among renal-transplant
recipients with early reduction of immunosuppression for
BK viremia. World J Transplant. 2017;7(5):269.
Cukuranovic J, Ugrenovic S, Jovanovic I, Visnjic M,

Stefanovic V. Viral infection in renal transplant
recipients. Sci World J. 2012;2012.

Bruminhent J, Srisala S, Klinmalai C, Pinsai S,
Watcharananan SP, Kantachuvesiri S, et al. BK

Polyomavirus-specific T cell immune responses in kidney
transplant recipients diagnosed with BK Polyomavirus-
associated nephropathy. BMC Infect Dis. 2019;19(1):1-8.
Rahimi Z, Yaghobi R, Afshari A, Roozbeh J, Mokhtari
MJ, Hosseini AM. The effect of BKV reactivation on
cytokines behavior in kidney transplanted patients. BMC
nephrol. 2022;23(1):1-11.

Espada E, Cheng MP, Kim HT, Woolley AE, Avigan JI,
Forcade E, et al. BK virus—specific T-cell immune
reconstitution after allogeneic hematopoietic cell
transplantation. Blood advances. 2020;4(9):1881-93.
Rahimi Z, Yaghobi R, Afshari A, Roozbeh J, Mokhtari
MJ, Hosseini AM. The effect of BKV reactivation on
cytokines behavior in kidney transplanted patients. BMC
nephrol. 2022;23(1):20.

Ambalathingal GR, Francis RS, Smyth MJ, Smith C,
Khanna R. BK polyomavirus: clinical aspects, immune

388/ Iran J Allergy Asthma Immunol

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

regulation, and emerging therapies. Clin Microbiol Rev.
2017;30(2):503-28.

Dillon SM, Mickens KL, Thompson TA, Cooper EH,
Nesladek S, Christians AJ, et al. Granzyme B+ CD4 T
cells accumulate in the colon during chronic HIV-1
infection. Gut Microbes. 2022;14(1):2045852.
Ambalathingal GR, Francis RS, Corvino D, Srihari S,
Aftab BT, Smith C, et al. Proteome-wide analysis of T-
cell response to BK polyomavirus in healthy virus carriers
and Kkidney transplant recipients reveals a unique
transcriptional and functional profile. Clin Trans
Immunol. 2020;9(1):e01102.

Kanhere A, Hertweck A, Bhatia U, Gokmen MR, Perucha
E, Jackson I, et al. T-bet and GATA3 orchestrate Thl and
Th2 differentiation through lineage-specific targeting of
distal regulatory elements. Nat Communications.
2012;3(1):1-12.

Kariminik A, Yaghobi R, Dabiri S. Innate immunity and
BK virus: prospective strategies. Viral Immunol.
2016;29(2):74-82.

Zareei N, Miri HR, Karimi MH, Afshari A, Geramizadeh
B, Roozbeh J, et al. Increasing of the interferon-y gene
expression during polyomavirus BK infection in kidney
transplant patients. Microbial pathogenesis.
2019;129:187-94.

Stervbo U, Nienen M, Weist BJ, Kuchenbecker L, Hecht
J, Wehler P, et al. BKV clearance time correlates with
exhaustion state and T-cell receptor repertoire shape of
BKV-specific T-cells in renal transplant patients. Front
Immunol. 2019;10:767.

Zaunders JJ, Dyer WB, Wang B, Munier ML, Miranda-
Saksena M, Newton R, et al. Identification of circulating
antigen-specific CD4+ T lymphocytes with a CCR5+,
cytotoxic  phenotype in an HIV-1 long-term
nonprogressor and in CMV infection. Blood.
2004;103(6):2238-47.

Appay V, Zaunders JJ, Papagno L, Sutton J, Jaramillo A,
Waters A, et al. Characterization of CD4+ CTLs ex vivo.
J Immunol. 2002;168(11):5954-8.

Zhou W, Sharma M, Martinez J, Srivastava T, Diamond
DJ, Knowles W, et al. Functional characterization of BK
virus-specific CD4+ T cells with cytotoxic potential in
seropositive adults. Viral Immunol. 2007;20(3):379-88.
Comoli P, Schilham MW, Basso S, Van Vreeswijk T,
Bernardo ME, Maccario R, et al. T-cell lines specific for
peptides of adenovirus hexon protein and devoid of
alloreactivity against recipient cells can be obtained from
HLA-haploidentical ~ donors. J  Immunotherapy.
2008;31(6):529-36.

Vol. 22, No. 4, August 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Cytotoxic CD4+ T Cells in Kidney Transplant Recipients

Binggeli S, Egli A, Schaub S, Binet I, Mayr M, Steiger J,
et al. Polyomavirus BK-specific cellular immune
response to VP1 and large T-antigen in kidney transplant
recipients. Am J Transplantation. 2007;7(5):1131-9.
Ahrends T, Busselaar J, Severson TM, Babata N, de Vries
E, Bovens A, et al. CD4+ T cell help creates memory
CD8+ T cells with innate and help-independent recall
capacities. Nat Communications. 2019;10(1):5531.
Menter T, Mayr M, Schaub S, Mihatsch M, Hirsch H,
Hopfer H. Pathology of resolving polyomavirus-
associated nephropathy. Am J  Transplant.
2013;13(6):1474-83.

Intlekofer AM, Takemoto N, Wherry EJ, Longworth SA,
Northrup JT, Palanivel VR, et al. Effector and memory
CD8+ T cell fate coupled by T-bet and eomesodermin.
Nat Immunol. 2005;6(12):1236-44.

Ho I-C, Tai T-S, Pai S-Y. GATAS3 and the T-cell lineage:
essential functions before and after T-helper-2-cell
differentiation. Nat Rev Immunol. 2009;9(2):125-35.
Siegel A, Heimall J, Freeman A, Hsu A, Brittain E,
Brenchley J, et al. A critical role for STATS3 transcription
factor signaling in the development and maintenance of
human T cell memory. Immunity. 2011;35(5):806-18.
King S, Knorn AM, Ohnmacht C, Voehringer D.
Accumulation of effector CD4 T cells during type 2
immune responses is negatively regulated by Stat6. J
Immunol. 2008;180(2):754-63.

Kao C, Oestreich KJ, Paley MA, Crawford A,
Angelosanto JM, Ali M-AA, et al. Transcription factor T-
bet represses expression of the inhibitory receptor PD-1
and sustains virus-specific CD8+ T cell responses during
chronic infection. Nat Immunol. 2011;12(7):663-71.
Yoshida N, He F, Kyttaris VC. T cell-specific STAT3
deficiency  abrogates  lupus  nephritis.  Lupus.
2019;28(12):1468-72.

Yukawa K, Kishino M, Goda M, Liang X-M, Kimura A,
Tanaka T, et al. STAT6 deficiency inhibits
tubulointerstitial fibrosis in obstructive nephropathy. Int J
Mol Med. 2005;15(2):225-30.

Yagi R, Junttila 1S, Wei G, Urban Jr JF, Zhao K, Paul
WE, et al. The transcription factor GATA3 actively
represses RUNX3 protein-regulated production of
interferon-y. Immunity. 2010;32(4):507-17.

Messi M, Giacchetto I, Nagata K, Lanzavecchia A, Natoli
G, Sallusto F. Memory and flexibility of cytokine gene
expression as separable properties of human Th 1 and Th
2 lymphocytes. Nat Immunol. 2003;4(1):78-86.

Vol. 22, No. 4, August 2023

40. O’Shea JJ, Paul WE. Mechanisms underlying lineage

commitment and plasticity of helper CD4+ T cells.
Science. 2010;327(5969):1098-102.

41. Sundrud MS, Grill SM, Ni D, Nagata K, Alkan SS,

Subramaniam A, et al. Genetic reprogramming of primary
human T cells reveals functional plasticity in Th cell
differentiation. J Immunol. 2003;171(7):3542-9.

Iran J Allergy Asthma Immunol/ 389

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

