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AbstrAct
T helper (Th) 22 cells play important roles in the pathogenesis of autoimmune and 

inflammatory diseases, and their function in tumors remains uncertain. In the current 
study, we investigated the alternations and clinical significance of circulating Th22 cells 
in patients with B-cell non-Hodgkin’s lymphoma (B-NHL). We found that the frequency 
of Th22 cells was significantly elevated in peripheral blood of newly-diagnosed B-NHL 
patients, and returned to normal level after chemotherapy. In consistent with increased 
Th22 frequency, plasma IL-22 and IL-6 levels in B-NHL patients were remarkably 
increased. Moreover, the increased Th22 frequency was associated with the older age 
(> 60 yr) and a poorer response to therapy in B-NHL patients. In addition, there existed 
a statistically positive correlation between circulating Th22 and Th17 frequencies in 
B-NHL patients. Our data demonstrated that circulating Th22 frequency was associated 
with the clinical outcome and prognosis of B-NHL patients, indicating that Th22 immune 
response might play an important role in the development and progression of B-NHL.

INtrODUctION

Non-Hodgkin’s lymphoma (NHL) is a 
heterogeneous group of malignancies originating in 
lymphatic hematopoietic tissue. According to the type of 
lymphoid cell, NHL is classified into B-cell lymphoma 
and T-cell lymphoma. The pathogenesis and development 
of lymphoma is complicated, and the detail mechanisms 
remain unclear.

Abundant evidences have demonstrated that T 
helper (Th) cells including Th1, Th2 and Th17 cells 
participate in the development and progression of different 
tumors [1–4]. Th22 cells are a newly identified Th subset, 
which is characterized by secretion of IL-22 and TNF-α, 
but not IFN-γ (Th1 marker) or IL-17 (Th17 marker) [5, 6]. 
The naive CD4+ T cells can differentiate toward the Th22 
phenotype in the presence of IL-6 and tumor necrosis 
factors (TNF)-α with the aid of plasmacytoid dendritic cells 
[6]. IL-22 is the main effector cytokine of Th22 subset, 
which belongs to the IL-10 cytokine family [7, 8]. IL-22 
binds to a heterodimeric receptor complex that consists 
of IL-22 receptor (R) 1 and IL-10R2. Therefore, IL-22 
functions as a signaling mediator between the immune 
system and non-hematological environment [9–11].  

And it can activate a number of intracellular signaling 
pathways including JAK-STAT3 and MAPK pathway 
[12–14].

Th22 cells have been revealed to play critical roles 
in the pathogenesis of inflammatory and autoimmunity 
diseases [15–18]. Based on the present understandings 
of IL-22 biology, it is believed that IL-22 is important 
in enhancing innate immunity response, tissue damage 
protection and tissue repair [19]. However, the role of 
Th22 cells in tumor immunity remains uncertain. A few 
reports showed that Th22 cells were associated with the 
progression and development in hepatocellular carcinoma 
[20], gastric cancer [21, 22] and cervical cancer [23]. Up 
to now, no previous study has shown evidence regarding 
the role of Th22 subset and its related cytokines in the 
progression and development of B-NHL.

Therefore, in order to identify and describe the 
possible roles of Th22 in B-NHL, we investigated the 
frequency of Th22 (CD4+IFN-γ−IL-17−IL-22+) cells in 
the peripheral blood, and the concentrations of plasma 
IL-22, IL-6 and TNF-α in patients with B-NHL. We 
also evaluated the relevance between Th22 frequency 
and clinical characteristics or disease’s development in 
this study.
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rEsULts

circulating th22 frequency was elevated in 
newly-diagnosed non-Hodgkin’s lymphoma 
rather than Hodgkin’s lymphoma

The typical dot plots of Th22 cells in representative 
lymphoma patients and normal controls were shown in 
Figure 1A–1F. Compared with normal controls (median, 
0.656% of CD4+IFN-γ− T cells; range, 0.286–2.640%; 
n = 39), the frequency of circulating Th22 cells was 
significantly elevated in newly-diagnosed patients with 
lymphoma (1.350%; 0.124–5.230%; n = 47; P = 0.0053) 
(Figure 2A). Furthermore, those lymphoma patients were 
divided into three groups, B-cell non-Hodgkin’s lymphoma 
(B-NHL), T-cell non-Hodgkin’s lymphoma (T-NHL) and 
Hodgkin’s lymphoma (HL). A remarkable increase of Th22 
frequency was found in B-NHL (1.390%; 0.124–3.01%;  
n = 26; P = 0.0147) and T-NHL (1.250%; 0.537–
5.230%; n = 11; P = 0.0204) rather than in HL (1.235%;  
0.321–2.69%; n = 10; P = 0.1464), compared with 
those in controls (Figure 2B). Meanwhile, there was no 
significant difference of circulating Th22 frequencies 
between B-NHL and T-NHL with HL group (P = 0.7727; 
P = 0.3224). Additionally, no significant difference of Th22 
distribution was found in subtypes of B-NHL and T-NHL 
(Supplementary Figure S1A and S1B).

Plasma IL-22 level was up-regulated in newly-
diagnosed b-NHL patients, accompanied with 
elevated IL-6 and normal TNF-α

The levels of IL-22, IL-6 and TNF-α in peripheral 
blood were measured by ELISA. Compared with normal 
controls (5 samples undetectable; 16.27 ± 2.245 pg/ml; 
n = 29), plasma IL-22 level was significantly increased in 
newly-diagnosed B-NHL patients ( 23.61 ± 2.304 pg/ml; 
n = 22; P = 0.0292) rather than in T-NHL patients (14.84 
± 1.859 pg/ml; n = 8; P = 0.7961) (Figure 3A). And IL-22  
concentration in B-NHL was even higher than that in 
T-NHL (P = 0.0374) (Figure 3A). Meanwhile, we detected 
plasma IL-6 concentration and found a dramatic increase 
in B-NHL patients (1 sample undetectable; undetectable 
to 13.55 pg/ml; n = 15) compared with normal controls 
(16 samples undetectable; undetectable to 2.65 pg/ml; 
n = 27; P < 0.0001) (Figure 3B).

Moreover, no correlation was identified between 
plasma IL-22 and IL-6 levels with circulating Th22 
frequency in newly-diagnosed B-NHL patients. 
Interestingly, plasma IL-22 was positively correlated 
with plasma TNF-α in newly-diagnosed B-NHL patients 
(r = 0.7422; P = 0.0015) (Figure 3C), while TNF-α level 
was unchangeable (P = 0.8996) (Figure 3D). 

the correlation of circulating th22 cells with the 
clinical characteristics of patients with b-NHL

The relationship between circulating Th22 cells and 
the clinical characteristics across the study population 
were shown in Table 1. Here, B-NHL patients with older 
age (> 60 yr) exhibited profoundly increased frequency 
of circulating Th22 cells (1.713 ± 0.2380%, n = 10) 
compared to patients with younger age (≤ 60 yr) (1.039 
± 0.1402%, n = 16, P = 0.0152). However, there was no 
relationship between Th22 frequency and patient gender, 
serum lactate dehydrogenase (LDH) level or Ann Arbor 
staging classification.

the correlation of circulating th22 cells with the 
development of b-NHL patients

We detected the frequency of circulating Th22 
cells of 10 patients with B-NHL after one or two cycles 
of chemotherapeutic treatment. Th22 frequency in treated 
patients was significantly lower than that before any 
chemotherapy (P = 0.0195) (Figure 4A). And elevated 
circulating Th22 frequency was recovered to normal 
level after chemotherapeutic treatment (P = 0.5059) 
(Figure 4B). Meanwhile, we further analyzed the frequency 
of Th22 cells in other 9 relapsed B-NHL patients and 
found a remarkable increase in relapsed patients (1.81%;  
1.05–4.62%; n = 9; P = 0 .0434, P = 0.0004) compared with 
newly-diagnosed patients and normal controls (Figure 4C).

The typical dot plots of Th22 cells in 
representative treated and relapsed patients were shown 
in Figure 1G and 1H.

the correlation of circulating th22 cells with the 
therapy response of b-NHL patients

For assessment of response, we used the 
International Workshop Response Criteria or its revised 
version [24, 25]. In our research, 20 of 26 newly-diagnosed 
B-NHL patients were treated with chemotherapy. After 
completed four cycles of chemotherapy, 13 patients 
(13/20, 65%) obtained a complete remission (CR), 4 
patients a partial remission (PR) (4/20, 20%) and the 
remaining 3 patients (3/20, 15%) had a stable disease 
(SD). And we found that the frequency of circulating Th22 
cells in newly-diagnosed B-NHL patients who achieved 
CRs was lower than that in the others (P = 0.0596) 
(Figure 5A). Furthermore, according to Th22 frequency 
in the total 26 newly-diagnosed B-NHL patients, low and 
high Th22 group was segregated by using median cut-off 
point. And the CR rate of low Th22 group (8/10, 80%) was 
higher than that of high Th22 group (5/10, 50%) after four 
cycles of chemotherapy.
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th22 frequency showed a positive correlation 
with th17 in newly-diagnosed b-NHL patients

Our previous study have showed that the frequency 
of circulating Th17 cells was lower in B-NHL patients 
compared with normal controls while circulating Th1 
frequency was increased [26]. Interestingly, Th22 
frequency showed a significantly positive correlation with 
Th17 in newly-diagnosed B-NHL patients (r = 0.4036; 
P = 0.0454) (Figure 5B). However, Th1 frequency failed 
to show a significant correlation with Th22 in B-NHL 
(r = 0.1952; P = 0.3497) (Figure 5C).

DIscUssION

Recently, understanding how the immune system 
influences tumor development and progression remains 
one of the most challenging questions in oncology. 

Th22 cells are now defined as CD4+IFN-γ−IL-
17−IL-22+ cells, which is a newly-identified and an 
independent Th subset compared with well-known Th1 
and Th17 subset [5, 6, 27]. Many studies have reported 
that Th22 cells play important roles in tumors. In this 
study, we found the notably elevated frequency of Th22 
cells in peripheral blood of B-NHL patients compared 
with healthy individuals. Moreover, Th22 frequency 
was significantly decreased and returned to normal level 
after one or two cycles of chemotherapy. Consistently, 
Wang et al. also detected that the increased Th22 cells 
in multiple myeloma (MM) patients were remarkably 
reduced after chemotherapy [28]. Our previous studies 
also revealed that aberrant Th22 cells population 
was recovered after treatment or complete remission 
in chronic and acute myeloid leukemia [29, 30]. 
Furthermore, another study focused on MM showed 
that the percentage of IL-22+IL-17−IL-13+ T cells was 
increased in relapsed/refractory patients compared with 

Figure 1: circulating frequencies of th22 cells in representative patients and normal controls. (A) Lymphocytes were 
gated in R1. (b) CD4+IFN-γ− T cells were gated in R2. (c–F) Representative FACS dot plots of Th22 (CD4+IFN-γ−IL-17−IL-22+) cells as a 
proportion of CD4+IFN-γ− T cells from newly-diagnosed (ND) B-NHL, T-NHL, HL patients and normal controls (NC). (G) Representative 
FACS dot plots of Th22 cells in treated B-NHL patients. (H) Representative FACS dot plots of Th22 cells in relapsed B-NHL patients.
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Figure 2: results of circulating th22 cells. (A) The frequency of circulating Th22 cells was significantly higher in lymphoma 
patients than normal controls. (b) Circulating Th22 frequencies were remarkably increased in B-NHL patients and T-NHL patients rather 
than HL patients compared with those in controls. *P < 0.05; **P < 0.01; ns, non-significant.

Figure 3: concentrations of th22 cells related cytokines. (A) Concentration of plasma IL-22 in B-NHL patients was significantly 
elevated than that in T-NHL patients and healthy controls. (b) Concentration of plasma IL-6 in B-NHL patients was significantly increased 
than that in healthy controls. (c) A positive correlation was found between plasma IL-22 and TNF-α in B-NHL. (D) Concentration of 
plasma TNF-α level in B-NHL patients was similar to that in normal individuals. *P < 0.05; ***P < 0.001; ns, non-significant.
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Figure 4: the frequency of circulating th22 cells in patients after treatment. (A) The frequency of Th22 cells in treated 
patients was significantly decreased compared with that before any chemotherapy. (b) Circulating Th22 frequency was normalized after 
treatment in B-NHL. (c) Circulating Th22 cells were dramatically elevated in relapsed patients (RL B-NHL) compared with newly-
diagnosed B-NHL patients (ND B-NHL) and normal individuals (NC). *P < 0.05; ***P < 0.001; ns, non-significant.

table 1: the correlations of th22 frequency with clinical characteristics of b-NHL patients
characteristics N th22 (%)

Age/year*
 ≤ 60 y 16 1.039 ± 0.1402
 > 60 y 10 1.713 ± 0.2380
 P value 0.0152
Gender
 Male 16 1.323 ± 0.1524
 Female 10 1.258 ± 0.2790
 P value 0.8255
serum LDH level
 ≤ Normal 14 1.265 ± 0.2210
 > Normal 12 1.336±0.1671
 P value 0.8039
Ann Arbor staging 
 I + II 10 1.375 ± 0.2069
 III + IV 16 1.250 ± 0.1899
 P value 0.6717

The frequency of Th22 cells is presented as mean ± SEM.
LDH, lactate dehydrogenase;  *P < 0.05.
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stage I/II patients [31]. Similarly, we found a significant 
increase of Th22 frequency in relapsed B-NHL patients 
compared with newly-diagnosed patients and normal 
controls. These findings collectively suggested that Th22 
cells may participate in the development of B-NHL 
and measurement of Th22 frequency could be used in 
evaluating therapeutic effect. 

Subsequently, our results also showed that Th22 
frequency in older B-NHL patients (> 60 yr) was 
significantly higher than that in younger patients (≤ 60 yr). 
Although there are many clinically important prognostic 
factors in B-cell non-Hodgkin’s lymphoma, advancing age 
was proven to be associated with shorter survival in many 
studies [32, 33]. In gastric and pancreatic cancer, increased 
intratumoral IL-22 producing CD4+ T cells correlated 
with disease’s progression and predicted poor patient 
survival [22, 34]. Circulating Th22 cells were elevated and 
associated with lymph node metastases in cervical cancer 
[23]. Similarly, we found an increased frequency of Th22 
cells correlated with a poorer response to chemotherapy 
in B-NHL patients. Above all, circulating Th22 frequency 

might be considered as a predicting factor for clinical 
outcome and prognosis of B-NHL patients.

In consistent with increased circulating Th22 
frequency, significantly elevated plasma IL-22 
concentration was observed in newly-diagnosed B-NHL 
patients, without correlating with Th22 frequency. IL-22  
was produced by activated CD4+ T cells, CD8+ T cells, NKT 
cells, lymphoid tissue inducer and so on [19], implying 
that the plasma IL-22 level in B-NHL patients may not 
be determined by Th22 cells alone. Besides, plasma IL-22 
was positively correlated with plasma TNF-α in B-NHL, 
accompanied with normal TNF-α level. Previous studies 
have demonstrated that Th22 cells can produce IL-22 and 
TNF-α [5, 6], however TNF-α is produced from various 
kinds of cells such as lymphoid cells, endothelial cells, 
mast cells and so on [35]. These may explain that plasma 
TNF-α level in B-NHL patients was comparable with that 
in healthy individuals. Additionally, a positive correlation 
(r = 0.5692; P = 0.0057) between plasma IL-22 and 
TNF-α was found in normal individuals (Supplementary 
Figure S1C). And the correlation in B-NHL patients was 

Figure 5: (A) A significant increase of Th22 frequency was found in newly-diagnosed B-NHL patients who achieved complete remission 
(CR) than others (non-CR). (b) A positive correlation was found between circulating Th22 and Th17 in B-NHL. (c) There was no correlation 
between circulating Th22 and Th1 in B-NHL.
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more relevant than that in normal individuals, indicating 
that the synergistic role between IL-22 and TNF-α may be 
more important in B-NHL. 

In our current study, there existed a positive 
correlation between Th22 and Th17 cells in peripheral 
blood of newly-diagnosed B-NHL patients, implying that 
differentiation of Th22 and Th17 subset might be driven 
in an influential manner in B-NHL. This is consistent 
with several results found in rheumatoid arthritis, 
immune thrombocytopenia, cervical cancer and acute 
lymphoblastic leukemia [17, 23, 36, 37]. Furthermore, 
we observed a significantly decreased frequency of 
peripheral Th17 cells in B-NHL patients compared 
with healthy individuals and Th17 cells normalized 
after one or two cycles of chemotherapy [26]. Recently, 
several studies suggested that tumor microenvironments 
might selectively recruit Th17 cells and promote them 
trafficking from the periphery into tumor sites [4]. 
However, no previous study has shown data about this 
phenomenon in B-NHL. Thus, we hypothesized that 
tumor microenvironments in B-NHL might promote Th17 
cells trafficking from the periphery into tumor sites. In 
order to investigate this hypothesis, the frequencies of 
intratumoral Th22 and Th17 cells in B-NHL should be 
measured in further research.

In conclusion, our study revealed elevated frequency 
of circulating Th22 cells in newly-diagnosed B-NHL 
patients for the first time. Moreover, Th22 cells were 
associated with B-NHL patients’ ages and responses to 

chemotherapy. In addition, elevated Th22 cells were 
recovered after chemotherapy. Collectively, our data 
demonstrated that circulating Th22 frequency was 
associated with the clinical outcome and prognosis of 
B-NHL patients, indicating that Th22 immune response 
might be play an important role in the development and 
progression of B-NHL.

MAtErIALs AND MEtHODs

Patients and controls

In this study, a total of 56 patients with lymphoma 
were collected from January 2013 to December 2013 at the 
Department of Hematology, Qilu Hospital, Jinan, China. 
All cases were consistent with lymphoma diagnostic 
criteria. The sources of patient-derived material and data 
are summarized in Tables 2 and 3. Thirty-nine healthy 
controls (25 females and 14 males, age range 20–67 years 
old, median 35 years old) were included. Ethical approval 
for the study was obtained from the Medical Ethical 
Committee of Qilu Hospital, Shandong University. Written 
informed consent was obtained from all participants.

treatment regimens and samples collection

All patients with lymphoma were treated with a 
standard induction chemotherapy based on newly NCCN 
guideline. All treated patients and relapsed patients that 

Table 2: The classification information of patients with lymphoma in this study

Patients types subtypes Numbers

Newly Diagnosed B-NHL 26

Diffuse large B-cell lymphoma 16

Follicular cell lymphoma (I/II grade) 5

Mantle cell lymphoma 1

Chronic lymphocytic leukemia/small lymphocytic lymphoma 2
Marginal zone B-cell lymphomas 2

T-NHL 11
Anaplastic large cell lymphoma 4

Angioimmunoblastic T-cell lymphoma 7
HL 10

Nodular sclerosis classical HL 7
Mixed cellularity classical HL 3

Relapsed B-NHL 9
Diffuse large B-cell lymphoma 6

Follicular cell lymphoma 1
Mantle cell lymphoma 2

Total 56

B-NHL, B-cell non-Hodgkin’s lymphoma; T-NHL, T-cell non-Hodgkin’s lymphoma; HL, Hodgkin’s lymphoma.
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were mentioned in our study were treated with CHOP 
(cyclophosphamide, doxorubicin, vincristine, prednisone) 
regimen with or without rituximab. In order to avoid 
the drugs influence on the distribution of Th subset, we 
collected peripheral blood samples from newly diagnosed 
patients before any treatment. And the collection of blood 
samples from treated and relapsed patients took place after 
at least two weeks when they received chemotherapy.

Flow cytometric analysis

Flow cytometry was used to study membrane 
makers and intracellular cytokines to identify the cytokine-
producing cells. Briefly, heparinized peripheral blood 
with an equal volume of 1640 medium (Hyclone, USA) 
was incubated for 4 h at 37°C, 5% CO2 in the presence 
of 25 ng/ml of phorbol myristate acetate (PMA), 1 μg/ml 
of ionomycin, and 1.7 μg/ml monensin (all from Alexis 

Biochemicals, USA). After incubation, the cells were 
stained with Alexa Fluor® 647 or PerCP/Cy 5.5 anti-CD4 
monoclonal antibody at room temperature in the dark for 
20 min. After surface staining, the cells were next stained 
with FITC anti-IFN-γ, PerCP/Cy 5.5 or PE anti-IL-17 and 
PE or Alexa Fluor® 660 anti-IL-22 monoclonal antibodies 
after fixation and permeabilization. All the antibodies 
were purchased from Biolegend and eBioscience 
(California, USA). Fixation and permeabilizaton reagents 
were purchased from eBioscience (California, USA). 
Isotype controls were given to enable correct compensation 
and confirm antibody specificity. Stained cells were 
analyzed by flow cytometric analysis using a FACS 
Calibur cytometer equipped with CellQuest software 
(BD Bioscience PharMingen, USA). For analysis, we 
first gated lymphocytes, then gated CD4+IFN-γ− T cells in 
lymphocytes, and analyzed the percentages of CD4+IFN-γ−

IL-17−IL-22+ (Th22) cells in CD4+IFN-γ− T cells.

table 3: clinical characteristics of newly-diagnosed patients with lymphoma in this study
Variable b-NHL t-NHL HL

Age, yr 52 (12) 53 (17) 27.5 (18.2)

Gender
 Male 16 (61.5) 7 (63.6) 7 (70)
 Female 10 (38.5) 4 (36.4) 3 (30)
Hemoglobin, g/L
 ≥ 120 19 (73.1) 6 (54.5) 7 (70)
 < 120 7 (26.9) 5 (45.5) 3 (30)
ESR, mm/h
 Normal 11 (42.3) 2 (18.2) 3 (30)
 > Normal 10 (38.5) 7 (63.6) 5 (50)
 Unknown 5 (19.2) 2 (18.2) 2 (20)
Serum LDH, U/L
 Normal 14 (53.8) 5 (45.5) 7 (70)
 > Normal 12 (46.2) 6 (54.5) 3 (30)
Ann Arbor staging
 I + II 10 (38.5) 4 (36.4) 4 (40)
 III + IV 16 (61.5) 7 (63.6) 6 (60)
Bone marrow involvement
 (–) 21 (80.8) 10 (91.9) 9 (90)

 (+) 5 (19.2) 1 (9.1) 1 (10)
B symptoms

 (–) 20 (76.9) 4 (36.4) 6 (60)

 (+) 6 (23.1) 7 (63.6) 4 (40)

Ages are presented as median (SD) and the other characteristics are presented as n (%). B-NHL, B-cell non-Hodgkin’s 
lymphoma; T-NHL, T-cell non-Hodgkin’s lymphoma; HL, Hodgkin’s lymphoma.
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Enzyme-Linked Immunosorbent Assay (ELIsA)

Peripheral blood was collected into heparin-
anticoagulant vacutainer tubes. All plasma specimens were 
obtained from all subjects by centrifugation and stored at 
−80°C for determination of cytokines. The concentrations 
of IL-22, IL-6 and TNF-α in each group were determined 
with a quantitative sandwich enzyme immunoassay 
technique in accordance with the manufacturer’s 
recommendations (eBioscience, USA). The concentrations 
were calculated from a standard curve according to the 
manufacturer’s protocol. Sensitive concentration of IL-22,  
IL-6 and TNF-α ELISA kit is 5 pg/ml, 0.92 pg/ml and 
2.3 pg/ml respectively.

statistical analysis

The results were expressed as median range. Student 
t-test, Wilcoxon signed rank test, Mann-Whitney U test or 
Kruskal-Wallis test was applied to determine significant 
differences between groups. All tests were performed 
by GraphPad Prism 5.0 system. In these analyses, two-
sided P-values < 0.05 were considered to be statistically 
significant.
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