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A B S T R A C T

Tumor necrosis factor-α (TNF-α) is a key cytokine in inflammation and a driving force for leukocyte migration
and recruitment. However, it may exert contrasting effects on the immune responses depend on its differential
binding to its receptors (TNFR1 or TNFR2). The expression of TNF receptors by lymphocytes in the tumor
draining lymph nodes (TDLNs) has not been thoroughly investigated. Herein, the expression of TNFRs on
lymphocytes in the breast TDLNs was assessed. 40 axillary LN samples were obtained from breast cancer pa-
tients. Mononuclear cells were isolated using Ficoll-Hypaque gradient centrifugation and stained with anti-CD3,
CD4, CD8, CD19, TNFR1 and TNFR2 and subjected to flow cytometry. Results showed that TNFR2 was detected
on unstimulated B or T cells in the breast TDLNs while TNFR1 was nearly absent on these cells. Short or long
term activation did not increase the expression of TNFR1. The percentage of TNFR2+ cells was significantly
higher in CD4+ compared to CD19+ or CD8+ cells. No significant association was observed between the per-
centage of TNFR2 expressing T cells and prognostic indicators. However, the percentage of TNFR2+ B cells in the
metastatic LNs had negative associations with tumor grade and the number of involved LNs (P= 0.009 and
P=0.04, respectively). Collectively, TNFR2 was the main TNFR expressed by unstimulated B or T lymphocytes
in the breast TDLNs and the frequency of TNFR2+ B cells was connected to good prognosticators. The effects of
TNFR2 expression by lymphocytes of breast TDLNs on their functions requires more functional studies.

1. Introduction

Cytokines, as the major mediators of inflammation and immune
responses, have important roles in the orchestrating of the immune
responses in the tumor microenvironment and tumor draining lymph
nodes (TDLNs) [1]. Tumor necrosis factor alpha (TNF-α) is a pleotropic
cytokine with diverse and opposing functions including cell survival,
proliferation, differentiation and cell death [2]. The complexity of TNF-
α, somehow originates from having two forms–transmembrane (mTNF-
α) and soluble (sTNF-α), and two receptors– TNF receptor 1 (TNFR1)
and TNF receptor 2 (TNFR2)– each of which has several distinct func-
tions [3].

TNFR1 (CD120a) and TNFR2 (CD120b) are 55 and 75 kDa type I
transmembrane proteins belonging to the large family of TNF receptor
superfamily. The extracellular domains of TNFR1 & 2 which bind to
TNF-α share extreme homology [4]; however, their intracellular do-
mains are not homologue, causing activation of different signaling

pathways and distinct functions [5]. TNFRs can have soluble isoforms
as they can be cleaved by TACE (TNF-α converting enzyme) from the
cell surface before or after ligand binding. The soluble form is still able
to interact with its ligands acting as a decoy mechanism to remove the
ligand and counter balance the TNF-induced effects [6,7]. It has been
reported that TNFR1 have ubiquitous expression on most cell types
except erythrocytes [5]; however, there are studies which showed that
TNFR1 was near absent or expressed at very low level on unstimulated
B or T lymphocytes [8,9]. TNFR1 binds to both soluble and trans-
membrane forms of TNF-α. TNF-α-TNFR1 interaction results in the
activation of the pathways mediated by its cytoplasmic death-domain
and promoting several effects including inflammation, cytotoxicity and
apoptosis [6]. In comparison to TNFR1, TNFR2 is expressed on limited
cell types such as lymphocytes, endothelial cells, neurons [3] and he-
matopoietic cells [10]. TNFR2 is preferentially stimulated by mTNF-α,
however it can also bind to the soluble form of this cytokine [11]. As
the death-domain motifs are absent in the intracellular portion of
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TNFR2, it is not capable of directly inducing programmed cell death
[3]. mTNF-α /TNFR2 interaction can promote lymphocyte activation
and proliferation but the exact signaling pathways and biological
functions of the receptor has not been completely understood [12]. It
was shown that TNFR2 have a co-stimulatory functions in both B and T
cells and induce the production of both inflammatory and suppressive
cytokines [8,13,14]. Besides, it is expressed by regulatory T cells
(Tregs). Data on the effects of TNFR2 stimulation on Foxp3 expression
and suppressive activities of Tregs are controversial and both pro-
moting and inhibitory effects have been reported [6,15–18].

There are limited data on the expression of TNFRs by the lympho-
cytes in TDLNs, therefore in the present study the expression of TNFRs
on lymphocytes of breast TDLNs was assessed and its associations with
disease parameters were investigated.

2. Materials and methods

2.1. Patients

Axillary Lymph Node (LN) samples were taken from 40 breast
cancer patients (one LN from each patient) who underwent axillary
lymph node dissection (ALND) or modified radical mastectomy (MRM).
The collaborating pathologist randomly select one dissected axillary LN
while sentinel LNs and small axillary LNs were excluded because they
should totally undergo pathological examination. Breast cancer was
confirmed in all patients according to pathological reports. Patients
who received chemo- or radiotherapy at any time before surgery were
excluded from our study. Patients were informed about aims and pro-
cess of the study and all signed written informed consents. The study
was approved by the Ethics Committee of Shiraz University of Medical
Sciences. A fresh part of each LN was obtained and transferred to
complete culture medium [RPMI-1640 with 10% FBS and 1%
Penicillin/Streptomycin (CM10), all from Gibco, Life Technologies,
USA] and a part, remained for routine pathological examination.

2.2. Preparation of mononuclear cells

To obtain homogenous cell suspension, fresh LNs were mechanically
crushed into very small pieces in complete culture medium and filtered
through a 40 μm cell strainer (SPL LIFE SCIENCES, South Korea). In
order to isolate mononuclear cells, cell suspension was centrifuged over
a Ficoll-Hypaque (Lymphedex, inno-train Diagnostik GmbH, Germany)
gradient. After that, cells were re-suspended in a complete culture
medium. To assess the expression of TNFR1 and TNFR2, unstimulated
cells were used. However, for the evaluation of the effect of stimulation
on TNFR1 expression, lymphocytes of three samples were stimulated
with Phorbol 12-myristate 13-acetate (PMA) (50 ng/ml, Sigma-Aldrich,
Germany) and Ionomycine (1 μg/ml, Sigma-Aldrich) for 5 h and in two
samples with Phytohemagglutinin (PHA) (1 μl/ml and 2 μl/ml, Gibco)
for 24 h.

2.3. Flow cytometry analysis

2.3.1. Antibodies
We used Fluorescein isothiocyanate (FITC)‒conjugated anti-human

CD3 (Clone: UCHT1), FITC anti-human CD16 (Clone: 3G8),
Phycoerythrin (PE)‒conjugated anti-human TNFR2 (CD120b, Clone:
3G7A02), PE anti-human TNFR1 (CD120a, Clone: W15099A), PerCP/
Cy5.5 anti-human CD19 (Clone: HIB19), PerCP/Cy5.5 anti-human CD4
(Clone: RPA-T4), PerCP/Cy5.5 anti-human CD8a (Clone: HIT8a) and
PerCP anti-human CD3 (Clone: SK7) antibodies and their associated
isotype controls, all purchased from Biolegend, USA. FITC anti-human
CD14 (Clone: MQP6) and its isotype control was obtained from BD
Biosciences, USA.

2.3.2. Cell staining
Unstimulated or stimulated cells were washed and re-suspended in

staining buffer (PBS containing 2% FBS) and surface staining was done
using anti-TNFR1, anti-TNFR2, anti-CD3, anti-CD4, anti-CD8 and anti-
CD19 or their respective isotype controls. After 30min of incubation,
cells were washed with staining buffer, re-suspended in PBS and sub-
jected to flow cytometry (Four-color FACSCalibur, BD Biosciences,
USA).

For the detection of TNFR1 on leukocytes of human peripheral
blood, 3 samples were prepared in EDTA. In each sample, appropriate
amounts of anti-TNFR1, anti-CD3, anti-CD4, anti-CD8, anti-CD19, anti-
CD16 and anti-CD14 antibodies or their associated isotype control an-
tibodies were added and incubated for 30min at room temperature.
After that, 1 ml of FACS lysing solution (1X, BD Biosciences, USA) was
added into each tube. Tubes were incubated for 10–12min at room
temperature. Then, they were centrifuged and supernatant was dis-
carded. Finally, cells were twice washed and acquired on flow cyt-
ometer.

2.3.3. Flow cytometry data analysis
For the analysis of TDLNs, lymphocytes were gated according to

their forward and side scatters. Next, CD19+, CD4+, CD8+ and CD3+

cells were determined in lymphocytes gate and the expression of TNFR1
& 2 were assessed in these gates.

For the analysis of peripheral blood samples, granulocytes, mono-
cytes and lymphocytes were gated based on their forward and side
scatters. CD14+ cells were determined in monocytes gate and CD4+,
CD8+, CD19+ and CD16+ cells were gated in lymphocytes population.
The frequencies of TNFR1 expressing cells were assessed in granulo-
cytes, CD14+, CD4+, CD8+, CD19+ and CD16+ gates.

2.4. Statistical analysis

Results were analyzed using SPSS (version 16, SPSS Inc, USA).
Nonparametric Mann–Whitney U and Kruskal‒Wallis H tests were ap-
plied to compare cell subsets in two or multiple groups, respectively.
Dunn’s post-test was used to compare all pairs in multiple groups.
Correlations between the frequency of different lymphocyte subsets and
the tumor size or the number of involved lymph nodes were determined
using Spearman rank’s correlation test. P values less than 0.05 were
considered as statistically significant. GraphPad Prism 6 software
(GraphPad Software, Inc., USA) was used for preparing the Graphs.

3. Results

3.1. Clinico-pathological characteristics of breast cancer patients

40 patients with pathologically confirmed breast cancer were en-
rolled in this study. The mean age of patients was 50.8 ± 11.9 years
(31–79). Among the examined LNs, 18 (45%) of them were involved by
the tumor (metastatic lymph nodes, MLNs) while 22 (55%) of them
were tumor free (non-metastatic lymph nodes, nMLNs). All patients
except 3, were node positive with at least one metastatic lymph node.
Invasive ductal carcinoma was the most common tumor type among
patients with the frequency of 80% (32 out of 40 cases). For TNM
staging, patients were categorized according to 7th edition of AJCC
(American Joint Committee on cancer Classification and stage group).
50% of the patients were in stage II, and 45% were in stage III. More
details about clinical and pathological characteristics of the patients are
classified in Table 1.

3.2. TNFR2 expression by B and T lymphocytes in the TDLNs of breast
cancer patients

The percentages of CD3+, CD4+, CD8+, CD8+CD3+ and CD19+

lymphocytes and their TNFR2 expressing subsets were assessed
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(Table 2, Fig. 1). Comparison of the frequencies of TNFR2+ T and B
cells showed that the frequency of TNFR2+ cells was significantly
higher among CD4+ T cells in comparison with CD19+ and CD8+

lymphocytes (P= 0.0002 and P= 0.030, respectively, Fig. 2).

3.3. TNFR2 expressing B or T cell subsets in the MLNs and nMLNs of breast
cancer patients

The percentages of CD3+, CD4+, CD8+, CD8+CD3+ and CD19+

lymphocytes were determined in the breast TDLNs. Analysis revealed
that the frequency of CD19+ cells had a reverse correlation with the
percentages of CD4+ and CD3+ cells (R = ‒0.8, P < 0.001). In ad-
dition, CD4+ and CD3+ lymphocytes were significantly higher in the
nMLNs (P=0.021 and P= 0.040, respectively, Fig. 3A). There were no
significant changes in the frequencies of CD8+, CD8+CD3+ and CD19+

lymphocytes in the MLNs compared to nMLNs. More analysis revealed
that CD4+/CD8+ T cell ratio was significantly lower in the MLNs
(P= 0.022) while CD19+/CD4+ cell ratio had a trend toward increase
in these nodes (P=0.069.). Next, the frequencies of TNFR2 expressing
subsets were determined in the lymphocytes’ gate which showed no
significant differences in the MLNs and nMLNs (Fig. 3B).

3.4. TNFR2 expressing B or T cells in different breast cancer stages

Analysis of the frequencies of different cell subsets in patients with
stage II and III showed that CD4+ and CD3+ T cells have significant
higher frequencies in stage II as compared with stage III (P= 0.024 and
P= 0.013, respectively, Fig. 4A), while the frequencies of
CD8+,CD8+CD3+ and CD19+ lymphocytes have no significant
changes. Both CD19+/CD8+ and CD19+/CD4+ cell ratios were sig-
nificantly higher in stage III (P= 0.041 and P=0.033, respectively).
The percentages of CD3+TNFR2+, CD4+TNFR2+, CD8+TNFR2+,
CD8+CD3+TNFR2+ and CD19+TNFR2+ were not significantly dif-
ferent in patients with stage II in comparison with stage III (Fig. 4B).

3.5. TNFR2 expressing lymphocyte subsets and tumor size or grade

Analysis revealed that neither the frequencies of lymphocyte subsets
nor the percentages of their TNFR2 expressing subpopulations were
significantly different in the patients with tumor sizes ≤2 cm and pa-
tients with tumor sizes> 2 cm (data not shown).

Likewise, the percentages of T / B cells or their TNFR2+ subsets did
not show significant associations with tumor grade (Data not shown).
CD19+/CD8+ cell ratio was higher in grade III compared to grade
I+ II however, the difference did not reach the statistical significance
(P= 0.053). Moreover, the percentage of CD19+TNFR2+ cells showed
a non-significant increasing trend in patients with grade I+ II of the
tumor. However, when MLNs and nMLNs were separately considered,
the percentage of TNFR2+B cells was significantly higher in the MLNs
of patients with grade I+ II (P=0.009, Fig. 5). The frequencies of
other TNFR2 expressing subsets showed no significant association with
tumor grade in the MLNs and nMLNs.

3.6. Association of the TNFR2 expressing lymphocytes subsets with the
number of involved LNs

There were only 3 node negative patients in our study, therefore,
the analysis was focused on node positive ones with different numbers
of involved LNs (from N1 to N3). The CD4+ and CD3+ lymphocytes
frequencies significantly decreased in TDLNs of patients with> 9 in-
volved LNs (N3) compared to patients with 1–3 involved LNs (N1)
(P= 0.007, Fig. 6A). Besides, CD19+/CD4+ cell ratio was significantly
higher in N3 group in comparison with N1 (P=0.007). There were no
significant differences in the percentages of CD3+TNFR2+,
CD4+TNFR2, CD8+TNFR2+, CD8+CD3+TNFR2+ and CD19+TNFR2+

lymphocytes between N1, N2 and N3 group (Fig. 6B).
Moreover, the percentages of CD3+ and CD4+ populations re-

versely correlated with the number of involved LNs (R= ‒0.3,
P= 0.04, and R= ‒0.3, P=0.02, respectively). In the MLNs, a sig-
nificant negative correlation was seen between the percentage of
CD19+TNFR2+ subset and the number of involved LNs (R = ‒0.5,

Table 1
Clinico-pathological characteristics of breast cancer patients.

Characteristics Value

Age (years) 50.8 ± 11.9 (31–79)
Lymph Node (LN) Status
N0 (Free LNs) 3 (7.5%)
N1 (1–3 involved LNs) 19 (47.5%)
N2 (4–9 involved LNs) 10 (25%)
N3 (> 9 involved LNs) 8 (20%)

Tumor Size (greatest dimension, cm)
T1 (≤2) 15 (37.5%)
T2 (2-5) 22 (55%)
Tx (Unknown) 3 (7.5%)

Stage
II 20 (50%)
III 18 (45%)
Unknown 2 (5%)

Histological Grade
Well differentiated (I) 3 (7.5%)
Moderately differentiated (II) 27 (67.5%)
Poorly differentiated (III) 7 (17.5%)
Unknown 3 (7.5%)

Tumor Type
Invasive ductal carcinoma (IDC) 32 (80%)
IDC with Medullary features (IDC+M) 4 (7.5%)
Others (Lobular carcinoma, Metaplastic carcinoma) 2 (5%)
Unknown 3 (7.5%)

Her2 Expression
Positive 7 (17.5%)
Negative 26 (65%)
Equivocal 5 (12.5%)
Unknown 2 (5%)

ER Expression
Positive 32 (80%)
Negative 6 (15%)
Unknown 2 (5%)

PR Expression
Positive 29 (72.5%)
Negative 9 (22.5%)
Unknown 2 (5%)

Lymph Nodes Characteristic
MLNs 18 (45%)
nMLNs 22 (55%)

MLN: Metastatic Lymph Node, nMLN: non-Metastatic Lymph Node, ER:
Estrogen Receptor, PR: Progesterone Receptor, Her2: Human Epidermal Growth
Factor Receptor 2.

Table 2
Percentages of B or T cells in lymphocyte gate and the percentages of TNFR2
expressing cells in CD3+, CD4+, CD8+, CD8+CD3+ and CD19+ gates in the
TDLNs of breast cancer patients.

Cell subset Min Max Median Mean ± SD

CD3+ 26.4 80.7 60.1 58.5 ± 12.3
CD4+ 18.1 73 49.9 48.7 ± 12.4
CD8+ 4.9 14.8 9.4 9.6 ± 2.9
CD8+CD3+ 4.8 14.6 9.1 9.4 ± 2.9
CD19+ 14.5 63.5 34.7 35.1 ± 11
TNFR2+ cells (in lymphocytes gate) 25 69.2 41.8 43.1 ± 9.2
CD3+TNFR2+ 20.9 62 45.9 45.9 ± 10.3
CD4+TNFR2+ 25.6 71.9 48.2 49 ± 9.9
CD8+TNFR2+ 13.6 68.3 40.6 42.2 ± 13.2
CD3+CD8+TNFR2+ 12.6 68 40.1 41.6 ± 13.4
CD19+TNFR2+ 10.2 62.8 36.9 38.2 ± 11.4

TDLN: Tumor Draining Lymph Node, SD: Standard Deviation.
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P=0.04).

3.7. TNFR2 expressing lymphocyte subsets in patients with different ER/PR
or Her2 expression statues

Results of the present study indicated that there were no significant
associations between the frequencies of T and B lymphocytes or their
TNFR2+ subsets and estrogen receptor (ER)/progesterone receptor
(PR) or Her2 expression by tumors. However, the percentages of CD19+

cells was non-significantly higher in the TDLNs of Her2‒ patients
(P= 0.082).

3.8. Assessment of the TNFR1 expression by B and T lymphocytes in the
breast tumor draining LNs

TNFR1 expression was evaluated in the TDLNs of 10 breast cancer
patients (7 nMLNs and 3 MLNs). It was shown that TNFR1 expressed at
very low levels on CD3+, CD19+, CD4+ and CD8+ T cells in the TDLNs
(Fig. 7). Data revealed that the maximum percentage of TNFR1 ex-
pressing lymphocytes was about 0.6% (0.2 ± 0.2). In addition, the
frequencies of TNFR1 expressing CD3+, CD19+, CD4+ and CD8+ cells
were 0.4 ± 0.4, 0.2 ± 0.3, ≤0.1, 0.4 ± 0.4, respectively.

To see whether stimulation can up-regulate the expression of TNFR1
on lymphocytes, in 3 samples, cells were stimulated with PMA/I for 5 h.
This stimulation did not change the expression level of TNFR1 (Fig. 8A
& B). Likewise, TNFR1 was not up-regulated on the surface of lym-
phocytes after 24 h of stimulation with PHA (Fig. 8C & D).

3.9. Expression of TNFR1 by different leukocyte subsets of normal
peripheral blood

The expression of TNFR1 on lymphocytes, monocytes and granu-
locytes of peripheral blood of 3 normal individuals was assessed
(Fig. 9). Data showed that TNFR1 expressed on almost all granulocytes
in peripheral blood (≥ 98.8%) and on more than half of
CD14+monocytes (≥ 60.5%). Similar to the results mentioned for
breast TDLNs, TNFR1 expression was still low on lymphocytic subsets
in the peripheral blood, as the percentages of CD3+, CD4+, CD8+,
CD19+ and CD16+ lymphocytes expressing TNFR1 were ≤ 0.7%, ≤
1.1%, ≤ 1.5%, ≤ 4.5% and ≤ 6.1%, respectively.

4. Discussion

It has been shown that immune contexture of the tumors have
strong association with prognostic indicators and patient’s survival and

Fig. 1. Flow cytometry evaluation of the TNFR2 expression on lymphocytes subsets. A. Lymphocytes were gated according to their forward and side scatters. B.
CD3+, CD4+, CD3+CD8+ and CD19+ cells were determined in the lymphocytes gate. C. The frequency of TNFR2+ cells was assessed in each lymphocyte subset.

Fig. 2. Comparison of the frequencies of TNFR2+ cells in CD19+, CD4+ and
CD8+ gate. Data are shown as mean ± SEM, * P value<0.05, *** P
value< 0.001.
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even can be used as an independent prognosticator [19,20]. As men-
tioned before, cytokines have critical role in orchestrating the immune
responses against tumor which can be used or targeted to improve
cancer therapy [21]. One of these cytokines, TNF-α, has been shown to
have complex effects in the tumor microenvironment [6]. In this study,
we investigated the association between the expression of TNF re-
ceptors (TNFR1 & 2) by lymphocytes of the breast TDLNs and breast
cancer parameters.

Our study revealed that the frequencies of CD3+ and CD4+ T cells
were higher in the nMLNs and had negative associations with poor
prognostic indicators such as higher stage or more involved LNs. It can
be concluded that the percentage of CD4+ and CD3+ T cells might be
used as a prognostic indicator. This conclusion is supported by another
study which showed that the frequency of CD4+ T cells in the TDLNs of
breast cancer patients, had positive association with patients’ survival,
even independent of nodal invasion [20]. Besides, other studies showed
the association of the frequencies of CD4+ or CD8+ T cells with cancer
parameters. The percentage of CD3+ T cells in breast TDLNs have been
reported to have negative correlation with tumor size [22]. It has been
reported that the CD8+/CD19+ ratio in tumor infiltrating lymphocytes
of medullary carcinoma showed reverse correlation with Her2 expres-
sion and presence of LN involvement [23]. In our study CD19+/CD8+

ratio had positive association with two poor prognostic markers, higher
stage and higher tumor grade.

Our analysis showed that all lymphocytes subsets expressed TNFR2
and CD4+ T cells were the major lymphocyte subset which expressed
TNFR2. To date, there is limited data on the expression of TNFR1 or 2
by the lymphocyte subsets in the TDLNs or peripheral blood of cancer
patients. However, the expression of TNFRs by the peripheral blood
lymphocytes of normal donors was investigated which showed con-
trasting results. In one study, the TNFR2 expression was assessed in
lymphocytes of peripheral blood and bronco-alveolar lavage fluid of

sarcoidosis patients and healthy subjects. The study revealed that more
than 80% of lymphocytes expressed TNFR2 [24]. In contrast, it was
reported in another study that 3.8 ± 2.2% and 8.2 ± 5.5% of un-
stimulated peripheral blood CD4+ and CD8+ lymphocytes expressed
TNFR2, respectively. Upon 24 h of stimulation with anti-CD3 antibody,
the percentages of CD4+TNFR2+ or CD8+TNFR2+ lymphocytes in-
creased to 46.5 ± 13.3% and 35.2 ± 12.6%, respectively [9]. The
mean percentages of TNFR2 expressing CD4+ and CD8+ cells in acti-
vated state in the mentioned study, are close to the mean percentages of
TNFR2+CD4+ and CD8+ cells in our investigation. Similarly, another
study showed that TNFR2 was expressed on less than 10% of un-
stimulated peripheral blood CD19+ B cells, but the frequency of B cells
expressed TNFR2 increased to about 70% of B cells following 3 days
activation with TLR-9 agonist [8]. These studies indicates that TNFR2
expression increases following activation in both B and T cells. There-
fore, higher percentage of TNFR2+ cells in breast TDLNs in comparison
with those reported for lymphocytes in normal peripheral blood, might
be due to higher activation states of lymphocytes in the TDLNs in
comparison with normal peripheral lymphocytes. To further address
this issue, the expression of TNFR2 on lymphocytes of draining LNs of
other cancers, reactive nodes of non-cancerous patients and other
lymphoid tissues such as tonsil or spleen should be investigated.

In this study, no significant association was observed between the
percentages of TNFR2 expressing T cells and breast cancer prog-
nosticators; however, higher percentages of TNFR2+ B cells were as-
sociated to lower tumor grade and less involved LNs and both asso-
ciations were significant in the MLNs. This might imply that TNFR2
expressing B cells may have positive role in the TDLNs, this assumption,
however should be validated with larger sample size and functional
studies. It should not be ignored that different subpopulations of reg-
ulatory or effector B or T cells have been reported to express TNFR2 and
the ligation of this receptor by TNF-α can have differential effects on

Fig. 3. Comparison of the frequencies of A. CD3+, CD4+, CD8+, CD8+CD3+, CD19+ cells and B. their TNFR2 expressing subsets in metastatic (MLNs) and non-
metastatic lymph nodes (nMLNs) of breast cancer patients. Data are shown as mean ± SEM. * P value< 0.05.
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Fig. 4. Comparison of the frequencies of A. CD3+, CD4+, CD8+, CD8+CD3+, CD19+ cells and B. their TNFR2 expressing subsets in the TDLNs of breast cancer
patients with stage II and stage III. Data are shown as mean ± SEM. * P value< 0.05.

Fig. 5. Comparison of the frequencies of TNFR2 expressing cells in CD3+, CD4+, CD8+, CD8+CD3+, CD19+ gate in metastatic lymph nodes (MLNs) of breast cancer
patients according to tumor grade. Data are shown as mean ± SEM. ** P value< 0.01.
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these cells. A recent study showed that TNFR2+ B cells may or may not
be able to produce IL-10, while the majority of IL-10 producing B cells
in the peripheral blood of normal individuals were TNFR2+. When
TNFR2+ B cells were stimulated with CpG and a variant of TNF-α,
which mimicked the mTNF-α, the cells produced both IL-10 and IL-6
[8]. The role of TNF-α in induction and expansion of IL-10+ B cells
have been shown in another study as well [25]. Therefore TNF-α can
have opposing effects on B cell cytokine production and either pro-in-
flammatory or regulatory cytokines can be induced in B cells upon
TNFR2 stimulation. In addition, TNFR2 expression by both FoxP3+

Tregs and FoxP3− non-Tregs has been shown [26,27]. TNFR2 signaling
has co-stimulatory effects on effector CD4+ T cells and enhance IFN-γ
production [14]. On the other hand, both positive and negative effects
of TNFR2 stimulation on the suppressive function of Treg cells have
been shown [6]. Therefore, assessment of the expression of FoxP3, ef-
fector or regulatory molecules by TNFR2+ B and/or T cells will help
gain more complete insight to the significance of TNFR2 expression by
lymphocytes subsets in breast TDLNs.

Although it was frequently mentioned in the literature that TNFR1
is expressed on almost all cell types, results of our study showed that
TNFR1 was not expressed on the lymphocytes of TDLNs of breast cancer
patients. Short or long time stimulations with poly clonal activator did
not induce its expression. In line with this finding, there are studies
showing that TNFR1 is expressed at very low level on unstimulated
peripheral blood lymphocytes and its expression is relatively up-regu-
lated only following long-time activation. It was shown in a study that
tumor infiltrating lymphocytes including CD3+, CD4+, CD8+ and
CD56+ cells derived from melanoma, colorectal and lung cancer pa-
tients did not express the 55 KDa receptor (TNFR1), while expressed the
75KDa one [28]. In another study, 1.8 ± 2.6% of peripheral blood
CD4+ lymphocytes expressed TNFR1 in unstimulated condition. When
the cells were stimulated with plate coated anti-CD3 antibody for 24 h,
the mean frequency of TNFR1+ CD4+ cells was still lower than 10%
(9.3 ± 10.8%). The percentage of TNFR1 expressing CD8+ lympho-
cytes was 2.1 ± 2.3 and 7.7 ± 6.7 in unstimulated and stimulated
cells, respectively [9]. A study done in 2018, demonstrated that a minor

Fig. 6. Comparison of the frequencies of A. CD3+, CD4+, CD8+, CD8+CD3+, CD19+ cells and B. their TNFR2 expressing subsets in TDLNs of breast cancer patients
according to nodal status (N1: 1–3 involved LNs, N2: 4–9 involved LNs and N3:> 9 involved LNs). Data are shown as mean ± SEM. ** P value< 0.01.

Fig. 7. Assessment of the TNFR1 expression by lymphocytes subsets in the TDLNs of breast cancer patients. CD3+, CD4+, CD3+CD8+ and CD19+ cells were
determined in the lymphocyte gate. The frequency of TNFR1+ cells were assessed in each lymphocyte subset.
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Fig. 8. Assessment of the TNFR1 expression by CD3− and CD3+ lymphocytes from TDLNs of breast cancer patients. Lymphocytes were stimulated with PMA/I for 5 h
or with PHA for 24 h and after staining for CD3 and TNFR1 were subjected to flow cytometry. A. CD3+ and CD3‒ cells were gated and the frequency of TNFR1
expressing cells were determined in B & D. CD3‒ and C & E. CD3+ cells. (Part A is representative of gating strategy in a PMA/I stimulated sample, the same strategy
was followed for PHA stimulated samples.).

Fig. 9. Flow cytometry evaluation of the TNFR1 expression by leukocytes of normal peripheral blood. A. Granulocytes, monocytes and lymphocytes were gated
according to their forward and side scatters. TNFR1 expression was assessed in B. granulocytes, C. CD14+ monocytes, and C. in CD4+, CD8+, CD19+ and CD16+

lymphocytes. In part B and C dotted plots are representative of isotype controls.
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fraction of B cells isolated from peripheral blood of normal individuals
expressed TNFR1. When the cells were stimulated with CpG for 3 and 5
days, the frequencies of TNFR1+CD19+ lymphocytes remained low
[8].

Assessment of TNFR1 expression on leukocyte subsets in normal
peripheral blood revealed its expression on almost all granulocytes and
more than half of monocytes. In addition, a minor fraction of B cells and
CD16+ cells was found to express TNFR1. Controversial data exists
regarding the expression of TNFR1 on NK cells of normal peripheral
blood ranging from<3% to up to 29 ± 3.4% [29]. Variable expres-
sions of TNFR1 by peripheral blood monocytes has been reported. Gane
et al. demonstrated that the expression of TNFR1 could be observed on
1% to>90% of monocytes in peripheral blood of normal individuals
[30]. The observed difference between the expression of TNFR1 on B
cells of the TDLNs and peripheral blood remains unexplained and needs
further evaluation.

5. Conclusion

Collectively, results of this study suggested that TNFR2 was the
main TNF receptor expressed by B and T lymphocytes in the breast
TDLNs and therefore is responsible for the effects of TNF-α on these
cells. There were no significant associations between the frequencies of
TNFR2 expressing B or T cells when all TDLNs are considered.
However, the percentage of TNFR2+ B cells in MLNs was negatively
associated with tumor grade and the number of involved LNs. Our re-
sults, however requires further phenotypical and functional studies and
should be confirmed with larger sample size.
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