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Interleukin-2 administration after modified radical
mastectomy in breast cancer therapy increases
peripheral regulatory T cells
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Abstract: Background: Breast cancer (BC) deaths are a major concern worldwide, and modified radical mastectomy
(MRM) still represents a primary therapeutic strategy. Post-surgery administration of interleukin (IL)-2 for BC therapy
has been implemented in China recently. Although its impact on regulatory T cells (Tregs) has been documented
in some cancer types, such as melanoma, the IL.-2-mediated changes in the Treg composition after MRM in BC
treatment remain unknown. Methods: As registered with the Chinese Clinical Trial Registry, 34 newly diagnosed BC
patients, aged 20-65 years, were enrolled in this trial. Patients were randomized to the IL-2-treated group (n=15)
and the untreated control group (n=19). Peripheral blood mononuclear cells were isolated at time points of pre-
operation (PreOP) and post-operation Day 1 (POD1), POD3, and POD7. Cells were subjected to flow cytometric as-
says to identify CD4* CD25* Foxp3* Tregs, as well as real-time quantitative polymerase chain reaction analysis of
FOXP3 expression. Results: We found that the surgery caused a significant decrease in the percentage of Tregs on
POD1, followed by a significant increase characterized by a peak value on POD7 with a more than 18% increase
relative to the Pre-OP levels. We observed that the Treg percentages in the IL-2-treated group were significantly
greater than those in the control group on POD3 and POD7, whereas no such statistical difference was observed
on POD1. The FOXP3 expression analysis revealed consistent trends as observed by flow cytometry. Conclusions:
Post-operative administration of IL-2 amplifies the surgery-induced augmentation of both Tregs and FOXP3 expres-
sion in BC therapy.
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Introduction

Breast cancer (BC) has been recognized by the
world health organization (WHO) as one of the
leading causes of death among women
between the ages of 20 and 59 years. Although
progress has been made toward better therapy
and earlier diagnosis, the global BC incidence
has continued to increase over the past several
decades [1-4]. The most serious increase in
BC-associated mortality has been observed in
Asian countries, particularly in China [4].
Surgical excision is currently the mainstay of
BC treatment; however, post-surgery recur-
rence with increased malignancies has been
reported [5-7]. Circulating tumor cell (CTCs) of

BC has been proposed to be a main cause of
such recurrence [5, 7-11]. These CTCs are
derived from either shed BC cells in the periph-
eral blood or metastatic cells that can seed
back to the locus of the removed tumor [12,
13]. Favorable to CTC reseeding and growth,
the local and systemic release of growth factors
or cytokines [14] and suppression of cell-medi-
ated immunity [15-18] are frequently observed.
These changes in immunological conditions
largely drive the host defense toward a compro-
mised capacity of BC-specific immunity [19-21].
In support of these findings, post-surgery
changes in the numbers and proportions of
peripheral natural killer (NK) cells, cytotoxic T
lymphocytes, dendritic cells, and T-helper cells
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are frequently reported [21-23]. Another cell
type, regulatory T cells (Tregs), has been fre-
quently shown to infiltrate BC tissues and par-
tially accounts for the immunosuppressive
tumor microenvironment [24-26]. Among sev-
eral known types of Tregs, CD4* CD25" Foxp3*
T cells have been most extensively investigated
and confirmed to be associated with immuno-
suppressive activity and thus to be physiologi-
cally relevant to the human immune status
[27]. Generally, Foxp3 expression in naive T
cells drives the expression of CD25 and other
Treg-associated cell-surface molecules and
cytokines, such as cytotoxic T cell-associated
antigen-4  (CTLA-4), glucocorticoid-induced
tumor necrosis factor (TNF) receptor family-
related gene/protein  (GITR), transforming
growth factor (TGF)-B, and interleukin (IL)-10,
whereas it represses the production of IL-2,
interferon (IFN)-y, and IL-4 [28]. Treg accumula-
tion has been reported to correlate with tumor
progression and poorer prognosis in numerous
cancers [6, 29-34]. This is explainable as can-
cers may try to hijack this intrinsically immuno-
suppressive mechanism to combat the tumor-
specific immunity in the human body. Although
there have been reports showing that IL-2
administration increases the systemic Treg
level in melanoma and renal cancer patients
[35], the effects of IL-2 on the change in Tregs
in the peripheral blood after radical mastecto-
my has not been addressed according to our
knowledge. Notably, the postoperative period
has been recognized as a critical window for
the minimal residual disease of BC [36]. Thus,
the evaluation of Treg-related changes after
IL-2 treatment is of potential clinical signifi-
cance for understanding the immunological
impact of current widely used BC therapeutic
practices. Thus, we performed the first random-
ized controlled trial to observe the changes in
the Treg population after modified radical mas-
tectomy and to study the effect of recombinant
human (rh) IL-2 administered postoperatively
on the Treg population. We found that IL-2
administration induced a significant increase in
the postoperative Treg composition in BC
patients.

Material and methods
Subjects and treatments

With approval from the ethics committee of
the Third Xiangya Hospital of Central South
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University (CSU), the current trial was regis-
tered with the Chinese Clinical Trial Registry
(ChiCTR-TRC-14004716). All patients provided
written informed consent for participation in
the trial. The cohort inclusion criteria included
treatment with modified radical mastectomy for
primary BC as diagnosed by micro-invasive
biopsy in the Third Xiangya Hospital of CSU and
age within 20-65 years. The cohort exclusion
criteria included previous BC surgery (except
for diagnostic biopsy), inflammatory BC, treat-
ment with chemotherapy and/or radiotherapy
prior to surgery, an American Society of
Anesthesiologists (ASA) Physical Status IlI-1V or
greater, complication with diseases of the
immune system or the endocrine system, and
long-term use of medication that impacted the
immune or endocrine system. Eligible patients
were randomly assigned to two groups: the rhlL-
2-treated group, in which patients were treated
with rhlL-2 (Shandong Quangang Pharmaceut-
ical Co., Ltd.) at 1 million international units
(MIU) per day for 5 days starting from postop-
erative day 1 (POD1), and the control group,
which received standard care without rhiL-2
administration. The surgery were performed
under general anesthesia with fentanyl, propo-
fol plasma target-controlled infusions (TCl), and
vecuronium. Some patients received chemo-
therapy on POD7 according to the results of
pathologic examination.

Peripheral blood samples were collected on the
morning of surgery (Pre-OP) as well as on POD1,
POD3, and POD7, between 7:00 and 9:00 A.M.
Blood samples were immediately delivered to
the laboratory and processed within 1 h.

Flow cytometry

Peripheral blood mononuclear cells (PBMCs)
were isolated by standard Ficoll-density-
gradient centrifugation and subjected to the
fluorescence-activated cell sorting (FACS) anal-
ysis within 4 h post-collection using a Canto Il
Flow Cytometer (BD, Shanghai, China). The
FACSDiva software version 6.1.3 (BD) was used
to analyze the FACS data. Antibodies included
fluorescein isothiocyanate (FITC)-conjugated
mouse anti-human CD4 and phycoerythrin
(PE)-Cy7-conjugated mouse anti-human CD25
monoclonal antibodies (mAbs), and fluoro-
chrome-conjugated anti-mouse 1gG was used
as an isotype control (BD). Intracellular staining
with PE-conjugated mouse anti-human Foxp3
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Table 1. Baseline characteristics of patients

Statistical analysis

Variable

Control group rhlL-2-treated group P value

Age (years) 49.4

114.6
Blood loss in operation (ml) 78

Duration of operation (min)

44.6
Body surface area (m?) 1.63 1.62
124.2
84.55

Statistical analysis was per-
formed using the SPSS stati-
stical package (version 18.0;
SPSS Inc., Chicago, IL, USA).
Continuous variables were ex-

>0.05
>0.05
>0.05
>0.05
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Figure 1. The pre- and post-surgery changes in the percentages of Tregs
among PBMCs. Cells were analyzed by FACS, and data are shown as mean
+ SD. *P<0.01, compared with the PreOP group; **P<0.05, compared with

control group.

mAb (BD) was performed according to the man-
ufacturer’s instructions.

Real-time qPCR analysis on FOXP3 expression

Total RNA was extracted by using Trizol (Life
Technologies, USA).The specific primer sequ-
ences for the target genes were as follows:
FOXP3, 5-CTGACCAAGGCTTCATCTGTG-3’ (for-
ward), 5'-GAACTCTGGGAATGTGCTGTT-3’ (rever-
se); B-actin, 5-ACCGAGCGCGGCTACAG-3’ (for-
ward), 5'-CTTAATGTCACGCACGATTTCC-3’ (rever-
se).

Synthesis of cDNAs was controlled by perform-
ing fluorescence quantitative (FQ)-polymerase
chain reaction (PCR) using the B-actin primers.
The procedure were performed by using
PrimeScript RT reagent Kit with gDNA Eraser
(TAKARA) with Maxima SYBR Green/ROX qPCR
Master Mix (Thermo Scientific) following the
manufacturer’s protocol. The values of the
sample copies were obtained after quantitative
amplification and normalized to B-actin levels.
The relative levels of gene expression were rep-
resented as ACt=Ct, -Ct___ . and the fold
change in gene expression was calculated by
the 2-AACt method.
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pressed as mean * SD. All sta-
tistical analyses were perform-
ed using repeated measures
analysis of variance (ANOVA)
with intro-group comparison
among 4 time points by
Bonferroni’'s post hoc testing,
and inter-group comparison by
unpaired t-tests with Bonfer-
roni’'s correction. P<0.05 was
considered statistically signifi-
cant.

3 control group
IL-2 group

Results

Patient enrollment and clinical
characteristics

A total of 40 patients met the

initial inclusion and not the
exclusion criteria and were enrolled into the
control group (n=20) and the rhiL-2-treated
group (n=20). One patient in the control group
was excluded post-surgery due to dexametha-
sone inhalation, and five patients in the rhlL-
2-treated group were excluded post-operative-
ly, including 4 cases of rhIL-2 toxicity with fever
and 1 case of hypotension. Nineteen and fif-
teen subjects in the control and the rhiL-2-treat-
ed group, respectively, completed the trial.
Their clinical characteristics are shown in Table
1. We observed no significant differences in
the listed clinical variables between the two
groups (Table 1).

Impact of surgery on PBMC Tregs and FOXP3
expression

Upon comparing PBMC samples by FACS with
the Pre-OP in control groups, we observed that
the Treg percentage was significantly decreased
on POD1 (P<0.01; Figure 1). Such percentages
longitudinally increased in the surgical control
group and reached a peak value on POD7, with
a more than 18% increase (from the absolute
percentage of ~6.1% to ~7.2%) compared to
the Pre-OP group (P<0.01; Figure 1). The PBMC
FOXP3 expression analyses demonstrated a
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Figure 2. The pre- and post-surgery changes in FOXP3 gene expression.
RT-gPCR results for FOXP3 expression normalized to ACTB expression.
Data are shown as mean + SD. *P<0.01, compared with the PreOP group;

**P<0.01, compared with the control group.

similar trend to the FACS results, with a signifi-
cant decrease on POD1 (P<0.01) and signifi-
cant increases until POD7, with approximately
2-fold up-regulation compared with the Pre-OP
group (P<0.01; Figure 2).

Effect of rhiL-2 treatment on PBMC Tregs and
FOXP3 expression

No significant Treg-related differences, either in
PBMC Treg composition (Figure 1) or FOXP3
expression (Figure 2), were observed at POD1
between the control group and the rhiL-2-treat-
ed group. The Tregs reached a similarly low
level after surgery with and without rhiL-2 treat-
ment. However, according to the FACS results,
the Treg percentage in the rhiL-2-treated group
was significantly greater than that in the con-
trol group on POD3 (~20% relative increase,
P<0.01) and POD7 (~19% relative increase,
P<0.05; Figure 1).

Such changes in Treg percentages were consis-
tent with the results of FOXP3 expression anal-
ysis (Figure 2). rhiL-2 treatment significantly
promoted FOXP3 expression on POD3 and
POD7 (P<0.01; Figure 2).

Discussion

We here report, for the first time, that post-
operative administration of rhlL-2 amplifies the
surgery-induced augmentation of both the Treg
composition and FOXP3 expression in BC ther-
apy with modified radical mastectomy. One of
the major roles of IL-2 is to unselectively pro-
mote the proliferation of activated CD4* T cells.
These cells include both tumor antigen-specific
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[J control group
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T cells, which represent a
minor T-cell population and
may not be activated, and
Tregs, which are found more
abundantly in the peripheral
blood and at an activated
state. Our findings indicate
that IL-2 treatment increased
the Treg population significant-
ly (@ >1% absolute percentage
in CD4* T cells). It is of clinical
significance that the IL-2-
induced changes in Treg com-
position have a potentially gen-
eral suppressive effect on the
adaptive immunity that may
compensate the gain of anti-
tumor immunity, referred to as the compensa-
tion hypothesis hereafter. This is in agreement
with the results of numerous reports, which
have proposed that the increase in Tregs leads
to cellular immunosuppression and promotes
post-surgery recurrence and metastasis in
numerous cancer types [5, 7, 8, 10]. Hence,
larger scale cohort studies of the correlation
between IL-2 application and post-surgery prog-
nosis for BC are warranted.

To our knowledge, information regarding how
surgery influences Treg status is limited.
Wicherek et al found the Treg population
decreases in the peripheral blood of patients
on POD5 in ovarian cancer and reached a con-
clusion that solid tumor removal may help to
restore the immune response [37]. However,
they ignored stress on Tregs due to surgical
trauma and other causes. Based on the results
shown in this study, we propose that prolonged
observation may lead to a different conclusion.
In support of this hypothesis, Saito et al showed
that the Treg subpopulations are significantly
higher on POD6 in patients who underwent
massively invasive surgeries, including pancre-
atoduodenectomy, distal pancreatectomy, seg-
mentectomy, liver resection, and gastrectomy
[38]. Indeed, both studies described above pro-
vide support for our results, which showed a
decrease in the Treg population on POD1 and
rebound on POD3 and POD7 after surgical
treatment of BC. We reason that such a trend
reflects the initial pro-inflammatory response to
injury on POD1 and the systemically anti-inflam-
matory responses evoked on POD3 and POD7
[23, 39].
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Numerous reports do not recommend the use
of IL-2 alone, and combined treatment with
famotidine, vaccines, and chemotherapy is
preferable [40-43]. For example, Dillman et al
reported that IL-2 administration alone does
not benefit patients with distant metastatic
melanomas [44], which is in agreement with
our compensation hypothesis. Furthermore,
the same group confirmed that high-dose IL-2,
in combination with active specific immuno-
therapy, is associated with better survival than
IL-2 treatment alone in melanoma therapy [43].
Thus, physicians should exercise caution when
using rhiL-2 alone in post-surgery treatment for
BC patients.
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