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Abstract

Introduction: In patients with cancer, Treg lymphocytes seem to play an important role in promoting 
tumour growth. The number of circulating Treg cells has been associated with poor survival among pa-
tients suffering from various types of cancers. The aim of the present study was to evaluate the changes 
in the percentage levels of Treg lymphocytes in the blood samples of patients with head and neck cancer 
during combined treatment with respect to the stage of the disease and the intensity of the radiation 
reaction as monitored using the Dische scale. 

Material and methods: Peripheral blood samples were collected from 20 head and neck cancer 
patients prior to the combined oncological treatment, during, and then one week after the completion 
of the therapy.

Results: A statistically significantly higher percentage of CD3+/CD4+/CD25+/FoxP3+/CD127(–/low) 
T cells within the CD3+/CD4+ T cell population was detected in patients during radiotherapy (RTH), 
chemotherapy (CTH), and chemoradiotherapy (CRT) than before the treatment began (p < 0.0001). A sta-
tistically significantly higher percentage of CD3+/CD4+/CD25+/FoxP3+/CD127(–/low) T cells within the 
CD3+/CD4+ T cell population was detected after RTH/CRT than before treatment, with respect to the 
radiation reaction as evaluated using the Dische scale (p = 0.0150). 

Conclusions: The increase in the percentage of Treg cells correlated with an increase in the intensity 
of the radiation reaction measured using the Dische scale which indicates the advance of the oral mucosi-
tis reaction to RTH. In conclusion, because the role of Treg lymphocytes in cancer patients is complex, it 
is necessary to monitor the percentages of these cells in patients during combined oncological therapies.
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Introduction
Head and neck squamous cell carcinoma is a highly 

immunosuppressive malignancy [1]. The tumour micro-
environment in patients with head and neck cancer impos-
es a strong immunosuppressive effect through soluble and 
cell-associated inhibitory mediators and the recruitment of 
host immunosuppressive cells such as Treg lymphocytes, 
which are responsible for maintaining the immune response 
[1-4]. In patients suffering from head and neck squamous 
cell carcinoma the increase in the Treg cell blood percent-

ages with a corresponding decrease in the lymphocyte level, 
without normalisation after treatment [5], as well as an in-
crease in the number of CD8+ T cells undergoing apoptosis 
have been observed [6]. Even following the completion of 
treatment, defects in signalling [7] constituted a permanent 
effect in these patients [8]. The influence of chemoradio-
therapy (CRT) on lymphocytes has been observed in pa-
tients with various types of cancer [9, 10]. Schuler et al. 
have suggested that CRT induces tissue changes that influ-
ence the survival of Treg lymphocytes and preserve their 
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suppressor function [10]. It has been shown that radiother-
apy (RTH) affects the function of the immune system and 
enhances the innate and adaptive immune response, the so-
called abscopal effect. Moreover, an increase in the number 
of Treg cells after radiation in animals and humans has been 
demonstrated in several studies [11, 12]. Such studies have 
shown that Treg cells are more resistant to irradiation than 
other lymphocytes. Additionally, a preferential RT-induced 
proliferation of Treg lymphocytes with preserved suppres-
sive function has been observed [13, 14]. Chemoradiother-
apy and RTH were observed to reduce the number of CD4+  
T cells and to increase the percentage of Treg cells in various 

studies [10]. Advanced head and neck carcinomas (stage III 
and IV) require combined oncological treatment consisting 
of surgery and CRT. The effect of such a treatment regime 
on the functioning of the immune system is especially in-
teresting. 

The aim of the present study was to evaluate the chang-
es in the percentage levels of Treg lymphocytes in the 
blood samples of patients with head and neck squamous 
cell carcinoma before, during, and after combined treat-
ment, RTH, chemotherapy (CTH), and CRT with respect 
to the stage of the disease and the intensity of the radiation 
reaction as monitored using the Dische scale [15].

Material and methods
The study included 20 patients with advanced head and 

neck squamous cell carcinoma (HPV-positive non-kerati-
nising squamous cell carcinoma) stage III and IV treated 
between 2016 and 2017 in the Lukaszczyk Oncological 
Centre, Bydgoszcz, Poland. Convenient sampling was 
performed. The patients were selected for the study from 
the group of patients treated with combined oncological 
treatment (surgery, RTH, CTH). Each patient underwent 
surgery and RTH, or RTH and CTH, or surgery, RTH, 
and CTH (Table 1). Patients were treated according to the 
accepted management standard; in all cases, this involved 
combination treatment (surgery, RTH, and CTH). Table 1 
shows the characteristics of the patient group.

The patient’s consent was obtained in each case. Addi-
tionally, approval for the research program was granted by 
the Ethical Committee of the Nicolaus Copernicus Univer-
sity Ludwig Rydygier Collegium Medicum in Bydgoszcz 
(KBET/471/2016).

The intensity of the radiation reaction was monitored 
using the Dische scale [11].

Peripheral blood samples were collected from the  
20 head and neck cancer patients prior to the combined 
oncological treatment (this involved CTH, RT, and CRT), 
during the treatment, after two weeks of therapy, and 
then one week after the completion of the treatment. The 
process of samples collection is presented graphically in  
Figure 1. 

Flow cytometry

The samples for the cytometric evaluation of the Treg 
cell population in the whole blood of head and neck cancer 
patients (luminal A type) were prepared using Becton Dick-
inson reagents, according to the manufacturer’s instruc-
tions. At first, the following antibodies for the detection 
of surface antigens were added to 100 μl peripheral blood 
collected on EDTA: 5 μl CD3 APC-Cy7, 20 μl CD4 FITC,  
20 μl CD25 APC, 5 μl CD127 PerCP-Cy5.5, and 5 μl 
CD194 PE-Cy7. After a 20-min incubation with mAbs (in 
the dark at RT), the cells were washed with 2 ml of foetal 
bovine serum (FBS) buffer and centrifuged for 10 min at 

Table 1. Characteristics of the patients with head and neck 
cancer

Characteristics n

Number of patients 20

Women 4

Men 16

Age – average 32-67

Men 48.2

Women 55.2

Localization of tumour

Oropharynx 9

Hypopharynx and larynx 11

Tumour stage according to TNM 2010

III 16

IV 4

Lymph node status

N0 3

N+ 17

Tumour grade

Grade 1 0

Grade 2 12

Grade 3 8

Type of treatment

Surgery 16

Radiotherapy 20

Adjuvant chemotherapy 11

Induction chemotherapy 6

TNM – tumour, node, metastasis.

Fig. 1. The graphically presented process of blood sample 
collection
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250 × g. The obtained cell pellet was fixed with 2 ml of 
freshly prepared 1 × buffer A (for 10 min at RT) and cen-
trifuged for 5 min at 500 × g. The cells were then washed 
with 2 ml of FBS buffer (5 min, 500 × g) and permeabilised 
with 0.5 ml of freshly prepared buffer C (for 30 min in the 
dark at RT). After two further washing steps (2 ml FBS;  
5 min, 500×g), the cells were stained with 20 μl of anti-hu-
man nuclear FoxP3 PE antibody for 30 min in the dark at 
room temperature. After two additional washing steps, the 
cells were suspended in 0.5 ml of FBS buffer and anal-
ysed using a BD FACS Canto II flow cytometer and BD 
FACS Diva Software (Becton Dickinson). In each sample, 
15,000–25,000 CD3+/4+ cells were collected and the per-
centage of Treg lymphocytes determined according to the 
gating strategy described in the additional materials in the 
article by Santegoets et al. [12]. The Treg cells were consid-
ered to be CD3+/CD4+/CD25+/FoxP3+/CD127(–/low).

Statistical analysis

The distribution of variables in the study group of the 
patients with head and neck cancer checked with the use 
of the Shapiro-Wilk test showed that each of the patients 
was different from normal. The statistically significant dif-
ferences between the groups were determined by the Krus-
kal-Wallis test, and one-way analysis of variance by ranks. 
The Mann-Whitney U test was then used as applicable. 
All statistical analyses were carried out with the Statisti-
ca 8.0 software program (StatSoft Inc., Tulsa, OK, USA). 
A p-value < 0.05 was considered indicative of a statistical-
ly significant difference.

Results
The percentage of CD3+/CD4+/CD25+/FoxP3+/

CD127(–/low) T cells within the CD3+/CD4+ T cell pop-
ulation was determined in all the examined blood sam-
ples derived from the patients with head and neck cancer 
after surgery and before RT/CRT (A), as well as during  
RT/CRT (B) and after completion of the treatment RT/
CRT (C) (Fig. 2). 

A statistically significantly higher percentage of CD3+/
CD4+/CD25+/FoxP3+/CD127(–/low) T cells within the 
CD3+/CD4+ T cell population was detected in patients 
during RTH and CRT than before the treatment began  
(p < 0.0001) (Fig. 2).

A statistically significantly higher percentage of CD3+/
CD4+/CD25+/FoxP3+/CD127(–/low) T cells within the 
CD3+/CD4+ T cell population was detected in patients 
during RTH/CRT than after the completion of the treat-
ment (p < 0.0001) (Fig. 2).

A statistically significantly higher percentage of CD3+/
CD4+/CD25+/FoxP3+/CD127(–/low) T cells within the 
CD3+/CD4+ T cell population was detected before RTH/
CRT than after treatment with respect to the radiation re-

action as evaluated using the Dische scale (p = 0.0150).  
The increase in the percentage of Treg cells correlated with 
an increase in the intensity of the radiation reaction mea-
sured using the Dische scale (in points), which indicates 
the advance of the oral mucositis reaction to RTH (Fig. 3).

We observed no statistically significant differences in 
the percentage of CD3+/CD4+/CD25+/FoxP3+/CD127(–/low) 
T cells within the CD3+/CD4+ T cell population before and 
after the treatment, or in the increase of the percentage  
of these cells during the treatment with respect to age, 
gender, stage of the disease (S), presence of lymph node 
metastases (N), tumour size (T), and lymph node status 
(N0 + N1 vs. N2). 

Discussion
In the present study a progressive statistically signif-

icant increase in the blood percentages of CD3+/CD4+/
CD25+/FoxP3+/CD127(–/low) T cells within the CD3+/
CD4+ T cell population was detected in patients during 
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Fig. 2. The percentage of CD3+/CD4+/CD25+/FoxP3+/
CD127(–/low) T cells within CD3+/CD4+ T cell population 
in blood samples derived from patients with head and neck 
cancer after surgery and before radiotherapy (RTH)/chemo-
radiotherapy (CRT) (A), as well as during RTH/CRT (B), 
and after completion of the RTH/CRT (C) treatment
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treatment (RT, CHTH, and CRT) compared to the percent-
ages of these cells before treatment. The highest Treg cell 
percentages were observed in patients after therapy. This 
observation corresponds with the results of our previous 
studies concerning patients with ovarian and endometri-
al cancers, where the percentages of CD4+CD25+FOXP3+ 
T cells were significantly lower following surgical treat-
ment than before. In the patients with breast cancer, we 
observed a significantly lower percentage of CD25+/
FoxP3+/CD127(–/low) T cells within the CD3+/CD4+  
T cell population in the blood samples taken after surgi-
cal treatment than those taken before surgery, as well as 
an increase following the completion of RTH [2, 18-20]. 
Albers et al. observed a significant increase in the blood 
percentage of CD4+CD25+ lymphocytes among TIL (tu-
mour infiltrating lymphocytes) in head and neck cancer 
patients [21]. Both elevated percentages and suppressor 
activity of Treg cells were observed in those patients who 
had suffered from head and neck squamous cell carcinoma 
but had no evident disease following CRT [22]. Untreated 
patients with active disease had a significantly higher fre-
quency of circulating Treg cells in the blood than normal 
donors, and the treatment (CTH and RTH) increased the 
frequency and function of these cells [10]. The meaning 
of the function of Treg lymphocytes in post-treatment pa-
tients is unknown [20]. Schuler et al. have suggested that 
persistent Treg cells induced by surgery and CRT in head 
and neck cancer patients result in the suppression of anti- 
tumour immune effector cells and thus promote disease 
recurrence or the development of secondary cancers [10]. 
Many authors suggest that patients might benefit from 
a combination of RT and CRT with Treg-targeting agents 
to maximise antitumor efficacy. Ma et al. studied the effect 

of the partial depletion of Treg cells using an anti-CD25 
antibody prior to radiation in mice. Because there was no 
influence on the inflammatory response, the authors con-
cluded that anti-CD25 therapy with radiation may be safe 
and well tolerated in cancer patients [23]. 

In the present study, the percentages of CD3+/CD4+/
CD25+/FoxP3+/CD127(–/low) T cells within the CD3+/
CD4+ T cell population were significantly correlated with 
the radiation reaction measured on the Dische scale, which 
confirms that an inflammatory reaction induced by radia-
tion increases the percentage of Treg cells. Dai et al. also 
reported an elevation of Treg blood percentages following 
radiochemotherapy in nasopharyngeal cancer patients with 
respect to radiation reaction [23]. Treg cells are respon-
sible for preventing excessive immune responses. They 
down-regulate pro-inflammatory responses in patients 
following RTH, which may prevent tissue damage from 
increasing as a reaction to the radiation [20].

Conclusions
In summary, because the role of Treg lymphocytes in 

cancer patients is complex and the therapeutic depletion of 
these cells requires a better understanding of their role in 
cancer, it is necessary to monitor the percentages of these 
cells in patients during combined oncological therapies.

The limitation of the study is the convenient selec-
tion of patients with advanced stages of the disease.  
The patients were selected from the group of patients treat-
ed with combined oncological treatment (surgery, RTH, 
CTH). The complex oncological treatment, in particular 
RTH and CTH, exert a radiation reaction – an excessive 
inflammatory reaction, involving the population of Treg 
cells. This might also influence the patients’ outcome. We 
aimed to evaluate the potential influence of the treatment 
on the Treg blood percentages and link them with the ra-
diation reaction measured with the Dische scale. Patients 
suffering from head and neck cancer in I and II stage of the 
disease commonly require only sole surgery or sole RTH; 
most commonly, patients who require surgery, CTH, and 
RTH represent advanced stages of the disease. As a result, 
our group of patients comprised patients with advanced 
stages of the disease.
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Fig. 3. The percentage of CD3+/CD4+/CD25+/FoxP3+/
CD127(–/low) T cells within the CD3+/CD4+ T cell popu-
lation in patients with head and neck cancer after surgery, 
before radiotherapy (RTH)/chemoradiotherapy (CRT), 
during RTH/CRT, and after the completion of the treat-
ment, with respect to radiation reaction evaluated using 
the Dische scale
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