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Article Info Abstract

IL-21 is a cytokine with versatile antitumor and pro-tumorigenic activities. It is mainly produced by CD4* T
cells and B cells are one of its pivotal targets. In this study, we assessed and compared the expression of 1L-
21 by CD4* T cells and the IL-21 receptor (IL-21R) on B cells in the peripheral blood of women with breast
cancer and healthy individuals. Blood samples were taken from both patients and controls. Mononuclear cells
were seperated using Ficoll-Hypaque density gradient centrifugation. These isolated cells were then stained
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Received: August 21, 2023 with either anti-CD19/anti-IL-21R or anti-CD4/anti-IL-21 antibodies and analyzed using flow cytometry. The
Accepted: February 26, 2024 results showed that there was no significant difference in the percentage of IL-21R* B cells and IL-21*CD4*
Published: April 30, 2024 T cells between patients and controls. However, the percentage of CD4" T cells decreased significantly in

patients with breast cancer (P=0.003). This decline was observed from the early stage and before lymph node
(LN) involvement. In comparison to the control group, IL-21R" B cells were relatively lower in patients with
stages [+1I and those with fewer than 4 involved LNs. The intensity of IL-21 expression in T cells was associa-
ted with HER2 expression (P=0.029). Furthermore, we found that the majority of IL-21R* B cells exhibited a
naive phenotype and most of IL-21"CD4" T cells did not produce IFN-y or IL-17. In conclusion, breast cancer
from the early stages leads to a significant reduction in the proportion of peripheral CD4+ T cells. However,
we did not find a significant change in IL-21 and its receptor expression during disease progression.
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1. Introduction CDA40, enhances the proliferation of human and murine B

Breast cancer is the most common cancer among wo-  cells. In contrast, IL-21 inhibits the proliferation of B cells
men in both developed and developing countries. Deve-  stimulated with anti-IgM and IL-4 [6, 7]. .Furthermore, IL-
loping new immunotherapies requires an understanding 21, in combination with anti-B cell receptor (BCR), pro-
of the interaction between the immune system and tumors  motes Granzyme B production in B cells. However, CD40
[1]. Furthermore, cancer is a systemic disorder and the stimulation blocks Granzyme B production in B cells and
cellular components and concentration of soluble factors further enhances antibody production [8]. Similar to its
change in the peripheral blood during cancer progression various effects on B cells, IL-21 shapes T cells’ responses
[2]. One of these soluble factors is cytokines which play in different ways including promoting Th17 generation
an important role in immune activation and regulation [3].  [9], inhibiting T regulatory (Treg) cell expansion [10], or
Interleukin (IL)-21 belongs to the common gamma chain  inducing IL-10 production by T regulatory (Tr)1 cells [11].
cytokine family [3] and is primarily produced by NKT and Opposing roles have been reported for IL-21 in can-
activated CD4"* T cells including T helper (Th)1, Th17 and cer immunity. Overexpression of IL-21 in intestinal tis-
T follicular helper (Tfh) cells [4]. IL-21 exerts its effects sues has been associated with a poor prognosis in patients
by binding to the IL-21 receptor (IL-21R) which is predo-  with ulcerative colitis (UC) or UC-associated colorectal
minantly expressed by B, T, NK and myeloid cells. Among  cancer (CRC) due to its inhibitory effects on Tregs [12,
these, B cells have the highest level of IL-21R expression  13]. Additionally, IL-21 induces regulatory yd T cells and
[5]. its presence in fresh breast cancer tissues has been linked

IL-21 has both positive and negative effects on B cells  to a poor prognosis [14]. On the other hand, the absence
depending on the presence or absence of other (co)stimu- of IL-21 reduces T cell infiltration, activation and memo-
latory signals [6]. IL-21, along with anti-IgM, and anti- ry formation but increases the accumulation of myeloid-
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derived suppressor cells (MDSCs) in an IL-21R” mouse
model of hepatocellular carcinoma (HCC).[15] Moreover,
IL-21 attenuates the proliferation, invasion and migration
of A549 cells [16].

Given the important role of IL-21 in cellular and hu-
moral immunity, we investigated the expressions of IL-21
and IL-21R in peripheral CD4'T and B cells, respectively,
and determined their changes during the course of breast
cancer.

2. Materials and methods
2.1. Subjects

We collected blood samples from 53 and 41 women
with pathologically confirmed breast cancer for the assess-
ment of [L-21R* B and IL-21"CD4"* T cells, respectively.

Table 1. The age information of study groups.

In addition, 23 age- and sex-matched healthy controls were
included (Table 1). Blood samples were collected in tubes
containing heparin as an anticoagulant. Patients did not
have a previous history of chemo- or radiotherapy. Writ-
ten informed consents were obtained from all patients and
controls, and the study was approved by the Ethics Com-
mittee of Shiraz University of Medical Sciences (Ethics
code: IR.SUMS.REC.1399.1127). Clinicopathological
characteristics of the patients are presented in Table 2.

2.2. Isolation and activation of mononuclear cells:

Peripheral Blood Mononuclear Cells (PBMCs) were
isolated from whole blood using density gradient centrifu-
gation over Ficoll-Hypaque (Lymphodex,inno-train Dia-
gnostik

Stud Age (years)
udy group Median (min-max) Mean+ SD
Patients (IL-21R) (n=53) 46 (29-74) 47.4+10.4
Patients (IL-21) (n=41) 45.5 (29-73) 46.8+10.5
Control (n=23) 47 (34-64) 47.448.3
Table 2. Clinico-pathological characteristics of breast cancer patients.
Characteristics Value
Nodal Status
NO (Free LNs) 27 (59.9%)
N1 ( 1-3 involved LNs) 18 (34%)
N2 (4-9 involved LNs) 4 (7.5%)
N3 (>9 involved LNs) 4 (7.5%)
Tumor Size (greatest dimension, cm)
Tl (£2) 29 (54.7%)
T2 (2-5) 21 (39.6%)
T3 1 (1.9%)
Tx (Unknown) 2 (3.8%)
Stage*
I 16 (30.2%)
11 27 (50.9%)
I 8 (15.1%)
Unknown 2 (3.8%)
Histological Grade
Well differentiated (I) 3 (5.7%)
Moderately differentiated (II) 42 (79.2%)
Poorly differentiated (IIT) 6 (11.3%)
Unknown 2 (3.8%)
Tumor Type
Infiltrating ductal carcinoma (IDC) 46 (86.8%)
IDC with medullary features (IDC+M) 5 (9.4%)
Others (Lobular carcinoma, Metaplastic Carcinoma) )
Unknown 2 (3.8%)
HER?2 Expression
Positive 8 (15.1%)
Negative 29 (54.7%)
Equivocal 6 (11.3%)
Unknown 10 (18.9%)
ER Expression
Positive 32 (60.4%)
Negative 11 (20.8%)
Unknown 10 (18.9%)
PR Expression
Positive 25 (47.2%)
Negative 16 (30.2%)
Unknown 12 (22.6%)

ER: Estrogen Receptor, PR: Progesterone Receptor, HER2: Human Epidermal Growth Factor Receptor 2, *
according to the American Joint Committee on Cancer Classification and Stage Group (AJCC, 7" edition).
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GmbH, Germany). The cells were then resuspended in
complete culture medium (RPMI-1640 containing 10%
FBS and 1% Penicillin/ Streptomycin, all from Gibco,
Life Technologies, USA) and added to a cell culture flask
and were placed in the incubator overnight to exclude mo-
nocytes and macrophages.

The expression of IL-21R on B cells was investigated
in unstimulated lymphocytes. For the assessment of 1L-21
expression by CD4'T cells, lymphocytes (2x10° cells/ml)
were activated with PMA (50 ng/ml, Sigma, Germany)
and Tonomycine (1pg/ml, Sigma) in the presence of Bre-
feldin (1pl/ml, Biolegend, USA) for 6 hours.

2.3. Surface and intracellular staining

We washed lymphocytes with staining buffer (PBS+
10% FBS) and stained them with APC-conjugated anti-
CD19 (clone: HIB19), PE-conjugated anti-IL-21R (Clone:
17A12) and/or PE Mouse IgGl1, & isotype control antibo-
dies (Clone: MOPC-21, all from Biolegend).

To assess IL-21 production by CD4" T cells, stimula-
ted cells were harvested, washed with staining buffer and
after fixation with 1% Paraformaldehyde (Sigma-Aldrich)
and permeabilization with 1X Wash buffer (Biolegend),
stained with PerCP-cy 5.5 anti-CD-4 (Clone: RPA-T4)
and PE-conjugated anti-IL-21 and/or PE Mouse 1gG1, «
isotype control antibodies, all purchased from Biolegend.
After surface or intracellular staining, cells were washed
and subjected to flow cytometry.

2.4. Flow cytometry data acquisition and analysis

Data was acquired on a four-color FACSCalibur flow
cytometer (BD Biosciences, USA). The Flow cytometry
data was analyzed using FlowJo software (Version 10.1,
Ashland, OR, USA). First lymphocytes were gated based
on their forward and side scatters. Then, CD19" and CD4*
cells were gated as B and T lymphocytes, respectively.
The frequencies of IL-21R-expressing B cells and IL-21
expressing T cells were assessed using fluorescence minus
one (FMO) tubes. The Geometric Mean Fluorescence In-
tensity (gMFI) of IL-21 was used as a standard for its per
cell production. The gMFIs were normalized using nega-
tive populations in each test.

2.5. Statistical analysis

We utilized SPSS 16 software (SPSS GmbH Software,
Germany) and conducted non-parametric tests such as
Mann-Whitney U, Kruskal-Wallis H, Dunn’s posttest and
Spearman’s ranks correlation to compare the frequencies
of various cell subsets in two or more groups, compare all
pairs in multiple groups and determine their correlation
with the tumor size or the number of involved LNs, res-
pectively. We considered P values < 0.05 as significant and
created graphs using GraphPad Prism 6 software (Inc: San
Diego CA, USA).

3. Results
3.1. IL-21R-expressing B cells and IL-21"CD4* T cells
in peripheral blood of patients and controls

We assessed the frequencies of CD19* B and CD4* T
cells and determined the percentage of IL-21R- and IL-
21-expressing cells in B and CD4* T cells, respectively (Fi-
gure 1A & Table 3). The results showed that the frequency
of B cells was not significantly different in the peripheral
blood of patients and controls, but the frequency of CD4*

T cells was significantly lower in patients compared with
controls (P=0.003). We found no significant difference in
the frequencies of IL-21R" B and IL-21*CD4" T cells in
patients and controls (Figure 1B).

3.2. Comparison of the frequencies of IL-21R" B cells
and IL-21" CD4" T cells in the peripheral blood of pa-
tients with different breast cancer stages

There were no significant differences in the frequen-
cies of the mentioned cell subsets among patients with dif-
ferent stages of breast cancer. Additionally, no significant
differences were found between controls and patients with
stages I, II, and III (Figure 2A). When comparing patients
in stages I+1I and stage III with controls, the frequency
of CD4" T cells was significantly lower in patients with
stages I+II and slightly lower in stage III compared to
controls (P=0.031 and 0.063, respectively, Figure 2B).
Interestingly, the percentage of IL-21R+ B cells showed a
relative decrease in stages [+II compared to controls while
this trend was not observed in stage I1I (Figure 2B).

3.3. Association of the frequencies of IL-21R* B cells
and IL-21" CD4" T cells with lymph node involvement
in patients with breast cancer

The analysis revealed that lymph node involvement did
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Fig. 1. A. Representative flow cytometry plots show IL-21R*CD19*
B cells and IL-21"CD4"T cells in the peripheral blood of patients with
breast cancer and healthy controls. Lymphocytes were gated based
on their forward and side scatters followed by determining CD4* and
CD19" cells within the lymphocyte gate. The frequency of IL-21R*
and IL-21" expressing cells was assessed in CD19" B and CD4" T cell
gates, respectively using FMO. B. Comparison of the frequencies of
CD19%, IL-21R"CD19*, CD4", and IL-21"CD4" cells, as well as gMFI
of IL-21 in CD4" T cells in the peripheral blood of patients with breast
cancer and healthy individuals. Data are presented as Mean + SEM.
** P value < 0.01. FMO: Florescence Minus One, gMFI: geometric
mean fluorescence intensity, SEM: standard error of the mean.
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Table 3. The percentages of B, CD4" T, IL-21R-expressing B cells and IL-21°CD4" T cells in the peripheral blood of patients with breast cancer

and controls.

Cell subset Min Max Median Mean=SD
€7 subsem C P C P _C Pt _C Pt
CD19" cells (in lymphocytes’ gate) 4.2 4.1 16.7 30.1 8.3 9.2 8.6+2.8 9.6+4.2
CD4" cells (in lymphocytes’ gate) 48.6 37.1 78.3 67.6 54.7 48.5 56.7£7.2 49.6+7.8
IL-21R" cells (in B cells’ gate) 31.9 23.5 89 88.1 68.6 65.1 67.8+14.9  62.5+14.3
IL-21" CD4" cells (in CD4+ T cells’ gate) 1 9 8.1 11 3.7 4.3 3.8+1.8 4.3+2.6
C: control, Pt: Patients.
A w T cells in patients with tumor size<2cm (T1) and patients
w o . with tumor size>2 ¢cm (T2). Among the analyzed cell sub-
'g £, et sets only the frequency of CD4" T cells was significantly
£ g, " decreased in T1 and showed a trend toward reduction in T2
32 £ patients compared with controls (P=0.030 and P=0.091,
o . respectively, Figure 4A).
B T The percentages of B cells, IL-21R* B cells, CD4"
. S cells, and IL-21"CD4" T cells did not show a significant
" oL, i, = stage association with tumor grade. In addition, the frequencies
i : g , o of these cells did not significantly differ in patients with
% ' ﬂ < grade [ or II compared to controls, except for the frequen-
"l - _— cy of CD4" T cells which was significantly lower in pa-
" I ° N tients with grade II tumors in comparison with controls
& ¢ & & N

Fig. 2. Comparison of the frequencies of CD19*, IL-21R*CD19",
CD4" and IL-21"CD4" cells, as well as gMFI of IL-21 in CD4" T
cells in the peripheral blood of patients with A. stage I, II and III
with controls and B. in stages [+l and III with healthy women. Data
are shown as Mean + SEM. * P value < 0.05, gMFI: geometric mean
fluorescence intensity, SEM: standard error of the mean.

not significantly affect the frequencies of B cells, CD4* T
cells, IL-21R* B and IL-21"CD4" T cells in the periphe-
ral blood of patients with breast cancer. In addition, there
were no significant differences in the frequencies of B,
IL-21R* B and IL-21" CD4" T cells between patients with
and without LN involvement (LN+ and LN—, respectively)
compared with controls. However, the frequency of CD4"
T cells decreased in both LN— and LN+ patients compared
with controls (P=0.030 and P=0.023, respectively, Figure
3A).

Moreover, the frequencies of B, IL-21R* B, CD4" and
IL-21"CD4" T cells did not show any significant diffe-
rences between patients with different nodal statuses (NO
to N3) and controls (Figure 3B). However, the frequency
of IL-21R" B cells showed a trend toward reduction in
NO+N1 patients compared to N2+N3. In addition, com-
pared to controls, the frequencies of CD19* B, IL-21R" B
and IL-21" CD4" T cells were not significantly different
in (NO+N1) or N2+N3 whereas CD4" T cell frequency
decreased in both NO+N1 and N2+N3 groups, although
the P value in the latter was not significant (P=0.025 and
P=0.056, respectively, Figure 3C). Furthermore, there was
a nonsignificant direct correlation between the frequency
of IL-21R* B cells and the number of involved LNs (R=0.2
and P=0.086).

3.4. The relationship between the frequencies of IL-
21R" B cells and IL-21*CD4* T cells and tumor size and
grade in patients with breast cancer

There were no significant differences in the frequencies
of B cells, IL-21R* B cells, CD4* cells, and 1L-21"CD4"*

(P=0.011, Figure 4B).

3.5. Association between the frequencies of IL-21R* B
cells and IL-21"CD4" T cells and the status of ER, PR
and HER2 expression

The analysis revealed that frequencies of B cells, IL-
21R" B cells and IL-21"CD4" T cells did not show a si-
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Fig. 3. A. The frequencies of CD19%, IL-21R*CD19*, CD4" and IL-
21°CD4" cells as well as gMFT of IL-21 in CD4" T cells in the peri-
pheral blood of patients with and without LN involvement (LN+ and
LN-, respectively) were compared with controls. B. The frequencies
of the aforementioned subsets were compared in patients with dif-
ferent nodal statuses and healthy controls. C. The same comparisons
were done between NO+N1(less than 4 involved LNs), N2+N3 (with
more than 4 involved LNs) and control groups. Data are shown as
Mean = SEM. * P value < 0.05. . ** P value < 0.01. gMFI: geometric
mean fluorescent intensity, SEM: standard error of the mean.
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Fig. 4. Comparison of the frequencies of CD19*, IL-21R*CD19",
CD4" and IL-21*CD4" cells, as well as gMFI of IL-21 in CD4" T cells
in the peripheral blood of patients A. with tumor size < 2cm (T1) and
tumor size > 2cm (T2), and healthy individuals. B. with different tu-
mor grades compared with controls. Data are shown as Mean + SEM.
* P value < 0.05, gMFI: geometric mean fluorescent intensity, SEM:
standard error of the mean.

gnificant association with the ER/PR status of the tumor.
However, the percentage of CD4* T cells was significant-
ly lower in patients with ER+ or PR+ tumors compared
to controls (P=0.006 and P=0.023, respectively, Figure
5A&B). It should be noted that the decrease in CD4* cell
frequency was observed in ER— or PR— patients compa-
red to controls however the P values did not reach statisti-
cal significance (P=0.1 and P=0.062, respectively, Figure
5A&B). In addition, frequencies of B cells, IL-2IR" B
cells and IL-21"CD4" T cells did not show significant
differences in patients with HER2+ compared to HER2—
tumors. However, the gMFI of IL-21 in CD4" T cells was
higher in the HER2+ compared to the HER2— group and
controls, however in the latter the P value just bordered
statistical significance (P=0.029 and P=0.051, respecti-
vely, Figure 6A). Moreover, the frequency of CD4" T cells
significantly decreased in both HER2+ and HER2— groups
compared to controls (P=0.015 and P=0.024, respectively,
Figure 6A). When HER2+ patients with ER+ or PR+ tu-
mors were compared with HER2— patients with ER+ or
PR+ tumors, the same results were obtained and only the
gMFI of IL-21 in CD4" T cells was significantly higher
in the HER2+ compared to the HER2— group (P=0.029,
Figure 6B).

3.6. Phenotypic characterization of IL-21R*CD19* B
cells and IL-21*CD4* T cells

We assessed the expression of CD27, the surface mar-
ker for memory and activated B cells, in IL-21R" B cells
from 10 samples (5 from patients and 5 from controls),
(Figure 7A). The analysis revealed that 12.2+7% and
7.5+2.6% of IL-21R" B cells expressed CD27 in the peri-
pheral blood of patients and controls, respectively. Thus,
the majority of IL-21R* B cells did not express CD27 and
exhibited a naive phenotype.

We also evaluated the expression of [FN-y (Th1 cyto-
kine) and IL-17 (Thl7 cytokine) in IL-21"CD4* T cells
in the peripheral blood of 5 patients and 5 controls (Fi-

gure 7B). Our analysis revealed that 27.4+10.7% and
18.4£6.6% of IL-21"CD4"* T cells produced IFN-y in pa-
tients and controls, respectively. In addition, 11.9+4.5%
and 7.4£2.6% of IL-21°CD4" T cells expressed IL-17 in
patients and controls, respectively. Therefore, the majority
of IL-21"CD4" T cells were not categorized into Thl and
Th17 cell subsets in the peripheral blood of patients and
controls.

4. Discussion

Re-educating and redirecting immune responses
against tumors through immunotherapeutic approaches
have shown promising results [17]. Numerous studies
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Fig. 5. Comparison of the frequencies of CD19", IL-21R*CD19",
CD4" and IL-21"CD4" cells, as well as the gMFI of IL-21 in CD4" T
cells in the peripheral blood of patients according to A. ER, and B. PR
expression compared to controls. Data are shown as Mean = SEM. *
P value < 0.05. ** P value < 0.01. ER: estrogen receptor, PR: proges-
terone receptor, gMFI: geometric mean fluorescent intensity, SEM:
standard error of the mean.
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Fig. 6. Comparison of the frequencies of CD19+, IL-21R+CD19+,
CD4+ and IL-21+CD4+ cells, as well as the gMFI of IL-21 in CD4+
T cells in the peripheral blood of patients with HER2+ and HER2— tu-
mors with healthy controls. B. the same comparisons were conducted
between HER2+ patients with ER+ and/or PR+ and HER2—- patients
with ER+ and/or PR+ tumors. Data is presented as Mean = SEM. *
P value < 0.05. gMFI: geometric mean fluorescent intensity, SEM:

standard error of the mean.
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Fig. 7. A. Representative flow cytometry plots show the assessment
of CD27 expression by IL-21R" B cells in the peripheral blood of
patients and healthy individuals. IL-21R" B cells were identified and
the percentage of CD27-expressing cells was determined within the
CD19'IL-21R" population. B. Representative flow cytometry plots
display the assessment of IFN-y and IL-17 expression by IL-21*CD4*
T cells derived from the peripheral blood of patients and healthy indi-
viduals. IL-21* cells were determined within the CD4" gate and the
frequencies of IFN-y- and IL-17-expressing cells were assessed wit-
hin the CD4'IL-21" gate.

have focused on determining immune profiles in the tumor
site, tumor-draining lymph nodes and peripheral blood of
cancer patients to increase knowledge about the molecules
and pathways involved in tumor suppression or progres-
sion [18, 19]. In this context, we investigated changes in
the expressions of IL-21 and its receptor in CD4" T and
CD19* B cells in the peripheral blood of patients with
breast cancer during cancer progression and compared
them with healthy individuals.

Our results revealed that breast cancer development
causes a significant reduction in the frequency of CD4"
T cells in the peripheral blood. This reduction appears to
occur from the beginning of breast cancer, as a decreased
frequency of CD4" T cells was observed in T1, LN-
and lower stages of breast cancer when compared with
controls [20]. It is suggested that CD4* lymphopenia and
especially severe CD4" lymphopenia (CD4* T cells count
<200 cells/ul), can be a better prognostic factor compared
to CD8*, CD19", and CD56" lymphopenia for predicting
patients’ survival in breast cancer. This may be attributed
to the critical role of CD4" T cells in anti-tumor immunity
[21].

In contrast to the decreased frequency of CD4* T cells
in patients with breast cancer, the frequency of CD19"B
cells did not show a significant difference in patients com-
pared to healthy controls. Similar to this study, it has been
reported that in patients with various solid malignancies
such as colon cancer, malignant melanoma, pancreatic and
prostate cancer, the frequency of peripheral B cells did not
change compared to healthy controls [22]. Another study
showed that the frequency of CD19* B cells was not dif-
ferent in the peripheral blood of patients with breast cancer
and their age-matched healthy controls [23]. In contrast to
these studies, a group showed that the frequency of CD19*
B cells- the majority of which were memory B cells- in-
creased in patients with breast cancer [24].

This study revealed that the frequency of peripheral IL-
21R*CD19" B cells was not different between patients and

healthy controls. However, an interesting pattern emerged
in the frequency of B cells expressing IL-21R during can-
cer progression. The frequency of these cells decreased
in the peripheral blood of patients with no or fewer than
4 involved LNs and in the early stages of breast cancer.
But the frequency gradually increased with breast cancer
progression to stage III and involvement of more than 4
LNs. Indeed the reasons behind the decrease in periphe-
ral IL-21R-expressing B cells with cancer initiation needs
more investigation. However, several explanations can be
proposed. Phenotypic characterization revealed that the
majority of IL-21R" B cells were naive and not active or
memory B cells. It can be suggested that the decrease in
the frequency of IL-21R" B cells in the peripheral blood
may be a reflection of decreased naive B cells at the onset
of cancer. At the onset of cancer, the immune system is
still intact and naive B cells are recruited to the tumor site
and TDLNSs. Supporting this idea, Carpenter et al. demons-
trated that the frequency of memory B cells decreased in
the peripheral blood of patients with advanced melanoma
and other solid tumors like breast, glioma and pancreatic
cancer compared to healthy individuals. Additionally, the
ratio of naive to memory B cells was significantly higher
in the peripheral blood of patients compared to controls
[25].

Furthermore, this study showed that the frequency of
IL-21*CD4" T cells was not significantly different between
patients and controls and their percentage was almost
equal to what was seen in the draining LNs [26]. It has
been shown that the frequency of IL-21°CD4" T cells in
the breast tumor-draining LNs did not show an association
with disease parameters and was only slightly higher in the
higher tumor grade. However, the gMFI of IL-21 was as-
sociated with a lower stage and fewer LNs involvement. In
contrast, in peripheral blood, the gMFI of IL-21 in CD4" T
cells was positively associated with HER2 expression - a
poor prognostic factor in breast cancer.

Phenotyping of IL-21"CD4" T cells revealed that the
majority of IL-21-expressing CD4* T cells were not Th1 or
Th17, indicating other sources of IL-21 in the peripheral
blood. Previous studies have identified Th17, Tth and Thl
cells as the main producers of [L-21 [4]. However, Zhao et
al. recently introduced a subset of CD4" tumor infiltrating
lymphocytes (TILs) that are influenced by inflammation in
head and neck cancer and produce IL-21. Further analysis
showed that most of these cells are Foxp3  with approxi-
mately 50% producing IFN-y but rarely IL-4 and IL-17
[27]. The frequency of IL-21"CD4" T cells was higher in
tumors than adjacent normal tissues in patients with head
and neck squamous cell carcinoma (HNSCC) and was as-
sociated with lower survival rates [27].

5. Conclusion

This study revealed that most of B cells expressed IL-
21R while only a small portion of CD4" T cells produced
IL-21 in the peripheral blood of both control subjects and
patients with breast cancer. The percentage of CD4" T
cells decreased in patients compared to controls and this
decline was not influenced by LN involvement or cancer
stage. The expression of IL-21 and IL-21R in peripheral T
and B lymphocytes remained relatively stable throughout
the progression of breast cancer. Ultimately, the findings
of this study should be validated with a larger sample size
and more functional and phenotypical analyses.
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