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Abstract. The most specific biomarker on the surface of 
regulatory T cells (Tregs) is the forkhead/wingeded‑helix 
protein 3 (Foxp3). In contrast, the expression of interleukin‑7 
receptor  (IL‑7R) is low or negative in Tregs. The present 
study aimed to investigate the expression of Foxp3 and 
IL‑7R in diffuse large B‑cell lymphoma (DLBCL), and to 
analyse the clinicopathological characteristics of patients 
with DLBCL and their association with overall survival (OS). 
Immunohistochemistry was performed to detect the expres-
sion of Foxp3 and IL‑7R on routinely processed formalin‑fixed 
and paraffin‑embedded specimens. The χ2 test was used to 
analyse the association between the expression of Foxp3 and 
IL‑7R and the clinicopathological characteristics of patients 
with DLBCL. Survival curves were used to investigate the 
effect of Foxp3 and IL‑7R on patient prognosis. The results 
demonstrated that high Foxp3 expression in tissue was asso-
ciated with non‑ germinal centre B‑cell (GCB)‑type disease 
(P=0.012), International Prognostic Index score >0 (P=0.012), 
stage 3 or 4 tumour (P=0.045) and disease progression and 
stabilization period (P=0.032). In addition, IL‑7R expression 
was associated with non‑GCB‑type disease (P=0.001) and 
extranodal lymphoma (P=0.008). Furthermore, expression 
of Foxp3 and IL‑7R was not associated with OS (P=0.447 
and P=0.201, respectively). Foxp3 and IL‑7R expression in 
non‑GCB‑type lymphoma was significantly higher compared 
with that in GCB lymphoma. The expression of Foxp3 and 
IL‑7R may therefore help the development of individualized 
treatment, prognostic prediction and therapy stratification.

Introduction

Diffuse large B‑cell lymphoma (DLBCL) is the most common 
lymphoid haematopoietic malignancy, accounting for 30‑40% 
cases of non‑Hodgkin's lymphoma (NHL) in developed 
countries (1). The occurrence of DLBCL is even higher in 
developing countries. The incidence is generally greater than 
40% (2,3). The age range of patients with DLBCL is relatively 
wide, and the individual differences regarding the prognosis 
are clear; the median age is 60‑70 years. According to the 
International Prognostic Index (IPI), those older than 60 years 
are considered to have poor prognostic factors. DLBCL is 
a highly invasive disease with a high incidence rate  (4,5). 
DLBCL can be divided into two subgroups, germinal centre 
B‑cell‑like (GCB) lymphoma and non‑GCB lymphoma, which 
have direct implications on the prognosis of patients. The 
5‑year overall survival (OS) rate of the GCB type was 76%, 
and the 5‑year OS rate of the non‑GCB type was 34% (6). The 
IPI (7) is usually used to predict the prognosis of patients with 
DLBCL, and has greatly helped clinical decision‑making. 
Changes in the expression of certain genes in the tumour 
microenvironment will affect the development of tumours 
and patient prognosis. E.g. CD10, BCL6, IRF4, FOXP1 and 
GCET1. The IPI presents certain limitations. The IPI score 
depends on the patient's age, general condition score, clinical 
stage, number of sites outside the lymph nodes, and whether 
lactate dehydrogenase is normal. With the development of 
molecular pathology, gene rearrangements such as MYC have 
also become a characteristic genetic change of lymphoma. It 
is therefore crucial to investigate the pathogenesis of DLBCL 
and identify some prognostic factors of DLBCL.

The transcription factor forkhead/wingeded‑helix 
protein 3 (Foxp3) is the most specific biological marker of 
regulatory T‑cells (Tregs) (8). Foxp3 serves a crucial role in the 
differentiation of Tregs, which maintain the body's immune 
homeostasis and possess immunosuppressive functions (9,10). 
Tregs express high levels of CD4 and CD25 and specifically 
express Foxp3; however, the expression of interleukin‑7 
receptor (IL‑7R), also known as CD127, in Tregs is low or 
negative  (11). IL‑7R is a specific receptor for IL‑7. Foxp3 
and IL‑7R can regulate the expression of downstream target 
genes by directly binding to the target gene promoter region 
or synergizing with other transcription factors. Foxp3 and 
IL‑7R participate in multiple biological functions, including 
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tumour cell proliferation, apoptosis, invasion, metastasis and 
peripheral angiogenesis (12).

The purpose of this study was to investigate the prognostic 
value of Foxp3 and IL‑7R protein expression in DLBCL 
tumour tissues; their association with clinicopathological 
characteristics, short‑term efficacy and long‑term survival of 
patients with DLBCL was determined. The findings from the 
present study may provide new bases for the clinical treatment 
decision‑making and determination of patients' prognosis.

Materials and methods

Clinical data. Clinicopathological data were selected from 
208 patients with DLBCL, who did not receive any treatment 
prior to surgery (surgical tumour resection and biopsy) at the 
Department of Pathology, First Affiliated Hospital of Xinjiang 
Medical University between January 2005 and December 2012. 
All patients were diagnosed and classified by two senior 
pathologists (Dr Wenli Cui and Mr. Zhiyin Feng; Department 
of Pathology, Τhe First Affiliated Hospital, Xinjiang Medical 
University, Xinjiang, China) according to the 2008 version of 
the World Health Organization ‘Pathology and Genetics of 
Hematopoietic and Lymphoid Tissue Neoplasms’ (13). The 
clinicopathological characteristics of patients, including age, 
sex, tumour site, mass, size, type, clinical stage, IPI, perfor-
mance status (PS), B symptoms (includes fever, night sweats, 
and weight loss), extra‑ectopic sites, serum lactate dehydroge-
nase (LDH) level, treatment status, treatment efficiency and 
follow‑up results were collected. The longest follow‑up period 
was 91 months. This study was approved by the Medical 
Ethics Committee of the First Affiliated Hospital of Xinjiang 
Medical University. Written informed consent was obtained 
from each participant prior to biopsy.

Tissue microarray. HE sections of all patients were stored in 
the hospital. First, the patient cases and pathology numbers 
were retrieved from the HIS system. The corresponding slices 
and wax blocks were subsequently collected. The tissues were 
formalin‑fixed and paraffin‑embedded (FFPE). One TMA 
contained sections from 60 patients. All HE sections were 
analysed by two senior pathologists who were blinded. Two 
representative regions were selected for each tissue and were 
marked at the same position in the corresponding wax block. 
The tissue of the target wax block was punched out vertically 
by using a Beecher Tissue Arrayer (Beecher Instruments) 
and embedded in an acceptor wax block to prepare an array 
containing 120 tissues.

IHC. The EnVision two‑step method was used to detect the 
expression of Foxp3 and IL‑7R proteins in tissue microar-
rays. Samples from the microarray were serially sliced at a 
thickness of 4 µm and mounted on slides. The slides were 
placed in a baking oven at 37˚C overnight, dewaxed with 
xylene (for 20 min, twice), dehydrated with ethanol gradient 
(concentrations: 100, 100, 95, 80 and 70%) and washed with 
tap water and distilled water. The slides were subsequently 
incubated with 0.3%  H2O2 for 10 at room temperature to 
eliminate endogenous peroxidase activity. Antigen retrieval 
was performed using citrate repair buffer (pH 6.0) in a 100˚C 
oven for 20 min. After cooling, the tissue chips were covered 

in goat serum (OriGene Technologies, Inc.) and incubated at 
37˚C for 20 min. The sections were incubated with primary 
antibodies against Foxp3 (cat. no. ab4728; 1:100; Abcam) and 
IL‑7R (cat. no. TA327014; 1:50; OriGene Technologies, Inc.), 
which were added dropwise according to the manufacturer's 
protocol, overnight at 4˚C. The tissue chips were washed 
with PBS and incubated with a secondary antibody that was 
added dropwise (universal kit, PV‑6000, undiluted; OriGene 
Technologies, Inc.) for 30 at 37˚C. The sections were incubated 
with 3'‑diaminobenzidine (Bei Jing Zhong Shan Jin Qiao) for 
5 at 23˚C to develop the staining. The reaction was stopped 
using tap water once the slides were stained thoroughly. The 
slides were counterstained using haematoxylin (14). Gradient 
ethanol (Qingdao Jisskang Biotechnology Co., Ltd.; 70, 80, 
95, 100 and 100%) was used to rapidly dehydrate the samples, 
transparent xylene was applied, and neutral resin was used to 
seal the slide. IHC staining was scored blindly by two inde-
pendent pathologists based on the proportion of positively 
stained tumour cells for Foxp3 and IL‑7R and the intensity 
of the staining. The immunoscores ranged between 0 and 3 
as follows: i) 0, no recognizable staining, referred to as nega-
tive (‑); ii) 1, slight staining, referred to as weak positive (+); 
iii) 2, moderate staining, referred to as moderate positive (++); 
and iv) 3, distinct staining, referred to as strong positive (+++)  
High expression of Foxp3 and IL‑7R was defined as moderate 
positive staining (++) and strong positive staining (+++) for 
Foxp3 and IL‑7R, whereas low expression of Foxp3 and IL‑7R 
was defined as negative (‑) and weak positive (+) staining. 
A light microscope (DM300; Leica Microsystems GmbH; 
magnifications, x4, x10 and x20) was used.

Statistical analysis. SPSS 17.0 software (SPSS, Inc.) was used 
for statistical analysis. Clininopathological data were analysed 
by the χ2 test. Correlation analysis was performed using the 
Spearman correlation method. The Kaplan‑Meier method was 
used to evaluate the association between Foxp3 and IL‑7R 
expression and other clinicopathological characteristics and 
patient prognosis. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinicopathological data. Among the 208  patients with 
DLBCL, 124 were male and 84 were female (male:female 
ratio, 1.48:1). The patient age ranged between 34 and 79 years, 
and the median age was 60 years. There were 170 cases with 
a tumour diameter ≤10 cm, 22 cases with a tumour diameter 
>10 cm and 16 cases without data on tumour diameter. A total 
of 140 and 68 patients presented with intranodal lymphoma and 
extranodal lymphoma, respectively. Among the 208 patients, 
110 patients were diagnosed with GCB‑type lymphoma, 95 
had non‑GCB‑type lymphoma, and 3  harboured deletion 
mutations. Overall, 125 patients survived, 43 patients died and 
40 patients were lost to follow‑up.

IHC staining of Foxp3 and IL‑7R. The results from IHC 
demonstrated that Foxp3 was localized in the nucleus (Fig. 1A) 
and IL‑7R was located in the cytoplasm (Fig. 1B). Detection 
of Foxp3 expression in the DLBCL tissue microarray 
revealed that scattered positively stained lymphocytes were 
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found both inside and outside of the germinal centre, and 
presented with different levels of diffuse positive nuclear 
expression  (Fig.  2). The positive staining rate was 65.7% 
(132/201 cases). The strongly positive staining rate was 14.4% 
(29/201 cases), and high expression was observed in 34.8% 
of cases (70/201 cases). Tissue samples from 7 patients were 
missing. The expression of IL‑7R in the DLBCL tissue micro-
array was detected (Fig. 3). The positive expression rate was 
94% (186/198 cases), strong positive staining was observed in 
31.31% of the cases (62/198 cases), and a high expression rate 
was observed in 68.2% of the cases (137/201 cases). Tissue 
samples from 10 patients were missing.

Association between Foxp3 and IL‑7R expression and patient 
clinicopathological characteristics. To determine the clinico-
pathological significance of Foxp3 and IL‑7R expression, the 
associations between Foxp3 and IL‑7R expression and patient 
clinicopathological characteristics, including age, size, IPI 
score, PS, B symptoms and clinical stage, were analysed using 
χ2 test. No significant association was identified between Foxp3 

expression and sex (P=0.464), age (P=0.386), tumour size 
(P=0.528), tumour site (P=0.515), PS (P=0.526), B symptoms 
(P=0.347), lymph node involvement >2 (P=0.383), LDH serum 
level (P=0.181) and treatment plan (P=0.218). However, a statis-
tically significant association was observed between Foxp3 
expression and tumour type (P=0.012), IPI score (P=0.012), 
tumour stage (P=0.045) and treatment efficacy (P=0.032; 
Table I). Furthermore, IL‑7R expression was not associated with 
sex (P=0.361), age (P=0.378), tumour size (P=0.402), IPI score 
(P=0.099), PS (P=0.37), B symptoms (P=0.088), tumour stage 
(P=0.212), lymph node involvement >2 (P=0.523), LDH serum 
level (P=0.331), treatment efficacy (P=0.552) and treatment 
regimen (P=0.059). However, IL‑7R expression was associ-
ated with tumour type (P=0.001) and tumour site (P=0.008; 
Table II). In addition, high Foxp3 expression was associated 
with non‑GCB‑type disease, IPI score >0, stage 3 and 4 disease, 
and disease progression and stage (PD+SD) (all P<0.05; 
Table I) in patients with DLBCL. High expression of IL‑7R was 
also associated with extranodal lymphoma and non‑GCB‑type 
disease (P<0.05; Table II).

Figure 2. Foxp3 protein is localized in the tumour nucleus. (A) Negative, (B) weakly positive, (C) moderately positive and (D) strongly positive expression of 
Foxp3 in tissues from patients with diffuse large B‑cell lymphoma. Magnification, x20. Foxp3, forkhead/wingeded‑helix protein 3.

Figure 1. Protein expression at high magnification (x40). (A) Foxp3. (B) IL‑7R. Foxp3, forkhead/winged‑helix protein 3; IL‑R7, interleukin‑7 receptor.
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Influence of patient clinicopathological characteristics, 
Foxp3 and IL‑7R expression on prognosis. No significant 
associations were identified between Foxp3 expression and 

the overall prognosis of patients using Kaplan‑Meier survival 
curve analysis (P=0.447; Fig. 4A). IL‑7R expression was also 
not associated with overall prognosis (P=0.201; Fig.  4B). 

Table I. Association between Foxp3 expression and clinicopathological characteristics of patients with diffused large B‑cell 
lymphoma.

	 Foxp3 expression
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristics	 Number	 High, n	 Percentage	 χ2	 P‑value

Sex
  Male	 120	 41	 34.2	 0.057	 0.464
  Female	 81	 29	 35.8
Age, years
  ≤60	 123	 41	 33.3	 0.192	 0.386
  >60	 77	 28	 36.4
Diameter, cm
  ≤10	 164	 57	 34.8	 0.022	 0.528
  >10	 22	   8	 36.4
Location
  Intranodular	 136	 47	 34.6	 0.013	 0.515
  Extranodular	 65	 23	 35.4
Subtypes
  GCB	 105	 29	 27.6	 5.857	 0.012
  Non‑GCB	 93	 41	 44.1
IPI
  0	 104	 28	 26.9	 5.857	 0.012
  >0	 82	 36	 43.9
Performance state
  ≤2 score	 165	 59	 35.8	 0.022	 0.526
  >2 score	 32	 11	 34.4
B symptom
  No	 99	 37	 37.4	 0.294	 0.347
  Yes	 98	 33	 33.7
Clinical stage
  1 and 2	 112	 33	 29.5	 3.453	 0.045
  3 and 4	 75	 32	 42.7
Extranodal sites
  ≤2	 158	 57	 36.1	 0.273	 0.383
  >2	 29	   9	 31.0
LDH, U/l
  ≤240	 103	 32	 31.1	 1.141	 0.181
  >240	 83	 32	 38.6
Therapeutic effect
  PR+CR	 90	 31	 34.4	 4.488	 0.032
  PD+SD	 20	 12	 60.0
R‑CHOP treatment
  No	 94	 37	 39.4	 0.881	 0.218
  Yes	 80	 26	 32.5

High expression was defined as moderate positive staining (++) and strong positive staining (+++) for Foxp3. GCB, germinal centre B‑cell; 
Fox3P, forkhead/winged‑helix protein 3; IPI, International Prognostic Index; LDH, lactate dehydrogenase; PD, progressive disease; SD, stable 
disease; PR, partial response; CR, complete response; R‑CHOP, rituxan, cyclophosphamide, adriamycin, vincristine, prednisone.
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Subsequently, the association between Foxp3 expression, 
IL‑7R expression and the OS (cum survival) of patients with 
GCB and non‑GCB subtypes was determined; however, 

the associations were not significant (Fig. 5). Kaplan‑Meier 
survival curve analysis demonstrated that male sex, IPI 
score >1, PS score >2, presence of B symptoms, extranodal 

Table II. Association between IL‑7R expression and clinicopathological characteristics of patients with diffused large B‑cell 
lymphoma.

	 IL‑7R expression
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristics	 Number	 High, n	 Percentage	 χ2	 P‑value

Sex
  Male	 118	 80	 67.8	 0.267	 0.361
  Female	 80	 57	 71.3
Age, years
  ≤60	 121	 85	 70.2	 0.216	 0.378
  >60	 76	 51	 67.1
Size (diameter, cm)
  ≤10	 162	 109	 67.3	 0.263	 0.402
  >10	 22	 16	 72.7
Location
  Intranodular	 134	 85	 63.4	 6.450	 0.008a

  Extranodular	 64	 52	 81.3
Subtypes
  GCB	 103	 61	 59.2	 10.558	 0.001a

  non‑GCB	 93	 75	 80.6
IPI
  0	 102	 64	 62.7	 2.088	 0.099
  >0	 81	 59	 72.8
Performance state
  ≤2 score	 163	 113	 69.3	 0.279	 0.370
  >2 score	 31	 20	 64.5
B symptom
  No	 99	 63	 63.6	 2.271	 0.088
  Yes	 95	 70	 73.7
Clinical stage
  1,2	 111	 72	 64.9	 0.925	 0.212
  3,4	 74	 53	 71.6
Extra nodal sites
  ≤2	 156	 105	 67.3	 0.031	 0.523
  >2	 29	 20	 69.0
LDH, U/l
  ≤240	 101	 66	 65.3	 0.356	 0.331
  >240	 82	 57	 69.5
Therapeutic effect
  PR+CR	 90	 57	 63.3	 0.020	 0.552
  PD+SD	 20	 13	 65.0
R‑CHOP treatment
  No	 95	 69	 72.6	 2.969	 0.059
  Yes	 78	 47	 60.3

aP<0.05. High expression was defined as moderate positive staining (++) and strong positive staining (+++) for IL‑7R. GCB, germinal centre 
B‑cell; IL‑7R, interleukin receptor 7; IPI, International Prognostic Index; LDH, lactate dehydrogenase; PD, progressive disease; SD, stable 
disease; PR, partial response; CR, complete response; R‑CHOP, rituxan, cyclophosphamide, adriamycin, vincristine, prednisone.
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involvement in >2 sites and PS+SD were associated with short 
survival time  (Fig.  4C‑H). Spearman correlation analysis 
demonstrated that expression levels of Foxp3 and IL‑7R in 
patients with DLBCL were weakly positively correlated 
(r=0.268; Table III).

Discussion

DLBCL is a lymphoid haematopoietic malignancy. The 
occurrence and development of DLBCL are closely associ-
ated with mutation or loss of regulatory factors (such as 
PI3K, AKT, P53, MYC, IRF4, BCL‑2 and BCL‑6) involved 
in the cell cycle and apoptosis  (15). Tumour cell survival 
depends on the interaction between multiple cells (including 
tumor cells, T/B lymphocytes and dendritic cells) and their 
cytokines in the tumour microenvironment  (16,17). Foxp3 
belongs to the family of forkhead/winged‑helix transcription 
factors and is a characteristic marker located at the surface 
of Tregs. Foxp3 is located on the X chromosome at Xp11.23. 
Its gene contains 11 exons and 3 non‑coding introns. Foxp3 
is associated with immune suppression and immune escape, 
and its abnormal expression can also lead to autoimmune 

diseases (such as systemic lupus erythematosus and X‑linked 
autoimmunity‑allergic dysregulation syndrome) (18). Previous 
studies have reported that Foxp3 is expressed by Tregs, as 
well as in digestive tract tumours, breast cancer, pancreatic 
cancer and nasopharyngeal carcinoma (19‑22). The number 
of genetic changes in Foxp3 is associated with the occurrence 
and development of cervical cancer, kidney cancer, lung 
adenocarcinoma (23), breast cancer (24), colorectal cancer 
and esophageal cancer (25). However, the expression of Foxp3 
in lymphoma remains unclear. Foxp3 has a dual effect, and 
can upregulate or downregulate multiple oncogenes in tumour 
cells, including ERBB2, SKP2, c‑MYC, p21, and other 
important cancer‑associated genes, leading to transcriptional 
activation or inhibition (26). Previous studies have reported 
that elevated numbers of Foxp3‑positive cells in the tumour 
microenvironment indicate a good prognosis for patients with 
DLBCL. In addition, the number of Foxp3‑positive cells in 
DLBCL is associated with patient prognosis (25,27,28). The 
results of the present study were similar. Detection of Foxp3 
in DLBCL tissue microarrays by IHC demonstrated that 
Foxp3 was not only expressed in the tumour microenviron-
ment (T lymphocytes) but also presented with diffuse positive 
expression in DLBCL tumour cells. The results of this study 
only proved that Foxp3 protein is expressed in the nucleus of 
DLBCL tumour cells. However, its expression on the surface 
of Tregs and on normal cells cannot be explained. This study 
therefore hypothesized that in DLBCL, Foxp3 may be consid-
ered as a protein involved in Treg‑independent tumour immune 
escape mechanism. Foxp3 regulates the activation of down-
stream target genes, which in turn allow tumour cells to evade 
surveillance by the immune system (29). Foxp3 may serve as 
a biological marker to predict tumour development and assess 
prognosis. Wang et al (29) reported that the tumour volume of 
the Foxp3 high expression group was significantly increased 
in a subcutaneous tumour‑bearing mouse model of pancreatic 

Table III. Spearman correlation analysis of Foxp3 and IL‑7R.

	 IL‑7R expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Foxp3 expression	 low (%)	 high (%)	 R	 P-value

low	   51 (25.9)	 76 (38.6)	 0.268	 0.000
high	 10 (5.1)	 60 (30.5)

Foxp3, forkhead/wingeded‑helix protein  3; IL‑7R, interleukin‑7 
receptor.

Figure 3. IL‑7R protein was located in the tumour cytoplasm. (A) Negative, (B) weakly positive, (C) moderately positive and (D) strongly positive expression 
of IL‑7R in tissues from patients with diffuse large B‑cell lymphoma. Magnification, x20. IL‑R7, interleukin‑7 receptor.
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Figure 4. Survival analysis. (A) Survival curves of patients according to Foxp3 expression. (B) Survival curves of patients according to IL‑7R expression. 
(C) Survival curves of patients according to IPI index. Patients with DLBCL and IPI index >1 exhibited poor overall survival time. (D) Survival curves of 
patients according to PS score. Patients with DLBCL and with PS score >2 exhibited poor OS. (E) Survival curves of patients according to B symptom. 
Patients with DLBCL and B symptom exhibited poor OS. (F) Survival curves of patients according to lymph node involvement >2. Patients with DLBCL 
and lymph node involvement >2 exhibited poor OS. (G) Survival curves of patients according to the different treatment response. Patients with DLBCL 
and PD+SD exhibited poor OS. (H) Survival curves of patients according to the sex. Men exhibited poor OS. DLBCL, diffused large B‑cell lymphoma; 
Fox3P, forkhead/winged‑helix protein 3; IL‑R7, interleukin‑7 receptor; IPI, International Prognostic Index; PD, progressive disease; PS, performance status; 
SD, stable disease; PR, partial response; CR, complete response.
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cancer, and Foxp3 directly transcriptionally activated the 
expression of the chemokine (C‑C motif) ligand 5 (CCL5) 
in tumour cells and recruited Foxp3‑positive Tregs to the 
tumour microenvironment. These phenomena subsequently 
inhibited cytotoxic T cell‑associated tumour destruction (29). 
When CCL5 inhibitors were applied, the decreased number of 
Tregs in the high‑Foxp3 expression group was more apparent, 
and the tumour inhibition rate was higher compared with the 
low‑Foxp3 expression group (29). Furthermore, a previous 
study reported that Foxp3 can upregulate the expression 
of transforming growth factor‑β in tumour cells, leading 
to the promotion of epithelial‑mesenchymal transition and 
the stimulation of tumour cell proliferation, invasion and 
metastasis (30).

In the present study, according to the Hans classification 
model (31), 208 cases of DLBCL were divided into GCB‑ and 
non‑GCB‑type cases. Foxp3 expression was detected by IHC. 
The results demonstrated that Foxp3 protein was expressed to 
different degrees in DLBCL tissues, with a positive expression 
rate of 65.7% and a strong positive expression rate of 14.4%. 
Subsequently, the association between Foxp3 expression and 
clinicopathological characteristics of patients was analysed. 
High Foxp3 expression was associated with non‑GCB‑type 
disease, IPI score >0), tumour stage 3 or 4, and PD+SD. These 

results suggested that Foxp3 expression may be associated with 
poor prognosis of patients with DLBCL. The results of the 
survival analysis demonstrated that there was no difference in 
the survival time between patients with high and low Foxp3 
expression levels. Nakayama et al (32) have reported that a 
high infiltration of FOXP3‑positive cells was associated with 
a significantly better prognosis than patients with low levels 
of FOXP3‑positive cells for OS in DLBCL. In contrast, a 
high infiltration of FOXP3/CTLA‑4 double‑positive cells was 
significantly associated with a poor prognosis compared with 
patients with low levels of FOXP3/CTLA‑4 double‑positive 
cells for OS and progression‑free survival. This result is 
inconsistent with the findings the present study; this may be 
due to the variable dilution of antibodies. Further investigation 
is therefore required to determine whether Foxp3 may directly 
disturb tumour formation or silence genes, affecting the occur-
rence, development and clinical prognosis of DLBCL.

The IL‑7R gene is located on chromosome 5q13 (33). Not 
only is it a member of the erythropoietin family, but it is also a 
specific receptor for IL‑7. IL‑R7 can stimulate haematopoietic 
cell proliferation and the development of haematological malig-
nancies, including leukaemia and lymphoma (34,35). A study 
by Sasson et al (36) demonstrated that IL‑7R was expressed on 
human pre‑B, but not mature B‑cells. Aberrant expression of 

Figure 5. Survival analysis. (A) Survival curves of patients with GCB DLBCL according to Foxp3 expression. (B) Survival curves of patients with non‑GCB 
DLBCL according to Foxp3 expression. (C) Survival curves of patients with GCB DLBCL according to IL‑7R expression. (D) Survival curves of patients with 
non‑GCB DLBCL according to IL‑7R expression DLBCL, diffused large B‑cell lymphoma; Fox3p, forkhead/winged‑helix protein 3; GCB, germinal centre 
B‑cell; IL‑7R, interleukin‑7 receptor.
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IL‑7R contributes to B‑cell oncogenesis, which is consistent with 
the results of the present study. Furthermore, tumour B‑cells 
expressed IL‑7R in DLBCL. Al‑Rawi et al (37) investigated 
the expression of IL‑7 and IL‑7R in solid tumour tissues (breast 
cancer) and reported that IL‑7R expression is positive in cancer 
tissues and that IL‑7R expression is associated with tumour 
lymph node metastasis. Once IL‑7R binds to IL‑7, new kinases 
are required to induce signalling. As the intracellular domain of 
IL‑7R lacks tyrosine kinase activity, signalling is mainly induced 
through the activation of Jak/STAT, PI3K and the Src family 
tyrosine kinases (38). The presence of IL‑7 abrogated the capacity 
of CD4+CD25+Foxp3+ regulatory T cells (Tregs) to suppress the 
proliferation of conventional T cells in response to TCR activa-
tors, including alloantigens and autoantigens. The removal of 
IL‑7 restored the suppressive function of Tregs. Preblocking 
of the IL‑7R on the Tregs also restored suppressor function, 
indicating that IL‑7/IL‑7R directly affected Tregs function (39). 
Therefore, the present study investigated the expression of Foxp3 
and IL‑7R in tumours and their impact on patient OS. To inves-
tigate the role of IL‑7R in DLBCL, paraffin‑embedded samples 
from 208 patients with DLBCL with complete clinical medical 
records were examined by IHC. The results demonstrated that 
IL‑7R was highly expressed in DLBCL tissues, which was similar 
to the results obtained by Al‑Rawi et al (37). The present study 
demonstrated that IL‑7R expression was higher in patients with 
extranodal lymphoma compared with non‑extranodal lymphoma 
(P<0.05) and higher in patients with non‑GCB‑type disease 
compared with those with GCB‑type disease (P<0.05). IL‑7R 
expression may therefore be associated with tumour metastasis. 
The results of the survival analysis demonstrated no significant 
differences in the OS between patients with high and low IL‑7R 
expression. In addition, there was no association between IL‑7R 
expression and IPI >0 score (P=0.099), B symptoms (P=0.088) 
or insensitivity to the R‑CHOP (40) protocol (P=0.059). However, 
a trend could be detected; when IPI score was high, a B symptom 
was present, the patient was not sensitive to R‑CHOP and IL‑7R 
expression was higher. These results suggested that IL‑7R may 
be involved in the poor prognosis of patients with DLBCL. 
Further investigation with increased sample size is required to 
verify these results.

Tregs express high levels of CD4 and CD25, express Foxp3 
specifically, and a low level or no IL‑7R (11). Thus, IL‑7R 
may also be a specific marker of Tregs (36). The present study 
demonstrated that Foxp3 and IL‑7R was not only expressed 
on the surface of Treg cells, but also presented with different 
degrees of positive expression in DLBCL tissues. Furthermore, 
a weak positive correlation between Foxp3 and IL‑7R expres-
sion in DLBCL tissues was identified. Foxp3 and IL‑7R may 
represent a tumour immune escape mechanism independent of 
Tregs. Foxp3 and IL‑7R regulate the activation of downstream 
target genes, leading to the escape of tumour cells from the 
surveillance of the immune system (29,38). The present study 
also analysed the association between clinicopathological 
characteristics of patients with DLBCL and their prognosis. 
Male sex, IPI index >1, PS score >2, presence of a B symptom, 
extranodal involvement in >2 sites, and PD+SD were associ-
ated with decreased survival time. This study demonstrated 
that Foxp3 and IL‑7R exhibited different degrees of positive 
expression in DLBCL tissues, and the difference was statisti-
cally significant. The establishment of an immunosuppressive 

microenvironment involving Foxp3 and IL‑7R may therefore 
represent one mechanism involved in DLBCL development. 
The results from this study may provide novel targets for the 
development of anti‑tumour immunotherapy and help clini-
cians make appropriate medication choices at an individual 
level. However, the number of cases was limited. The expres-
sion of Foxp3 and IL‑7R in DLBCL and the clinicopathological 
parameters were analysed at an in vitro tissue level. This study 
lacked the use of in vivo mouse experiments and in vitro cell 
experiments to confirm the findings.

In conclusion, the expression of Foxp3 and IL‑7R in 
DLBCL tissues was associated with tumour type. In addition, 
Foxp3 and IL‑7R expression in patients with non‑GCB‑type 
disease was significantly higher compared with patients with 
GCB‑type disease. The expression of Foxp3 and IL‑7R may 
therefore help the development of individualized treatment, 
prognostic prediction and therapy stratification.
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