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Abstract

Little is known about the clinical significance of the peripheral blood CD4* CD25% FOXP3™ regulatory T cells (Tregs) and T
helper-17 (Th17) cells in lymphoma patients. In this study, the prognostic and clinical significance of peripheral blood Tregs
and Th17 cells were evaluated in lymphoma patients during different phases. The frequency of Tregs and Th17 lymphocytes
was measured by flow cytometry method in 47 classical Hodgkin’s lymphoma (cHL) and 48 diffuse large B cell lymphoma
(DLBCL) patients. Our results showed that the frequency of Tregs and absolute Treg count was significantly reduced in
relapsed patients compared to patients at the remission phase, as well as with newly diagnosed untreated patients in both
groups. Patients who reached complete remission had elevated frequency of CD4" FOXP3" lymphocytes, Tregs, absolute
Treg count, Treg/CD4 and Treg/Th17 ratio in the cHL group and CD4* CD25* cells in DLBCL group. The frequency of
Tregs, absolute Treg count and Treg/Th17 ratio in cHL patients and CD4+* FOXP3* and CD4" CD25" cells in DLBCL
patients positively associated with survival rate. Moreover, the percentage of Tregs and absolute Treg count positively corre-
lated with white blood cell, platelet count and ESR level in cHL patients and with white blood cell count in DLBCL patients.
The initial number of Tregs/Th17 cells and also the Treg/Th17 ratio was not associated with changes in disease-free survival
(DFS) in both groups. Therefore, higher frequency of peripheral blood Tregs and Treg/Th17 ratio might be associated with
a favorable outcome in lymphoma patients, better response to chemotherapy and lower rate of relapse.
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Introduction

Lymphoma is a heterogeneous group of hematologic malig-
nancies, originated from abnormality of the immune cells
in lymphatic tissue, which is classified into two groups of
Hodgkin’s lymphoma (HL) and non-Hodgkin’s lymphoma
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(NHL) with the most common subtypes, classical Hodg-
kin’s lymphoma (cHL) and diffuse large B cell lymphoma
(DLBCL) [1, 2]. The role of immune system in lymphoma
is indispensable and its dysfunction has shown to contribute
to the pathogenesis and progression of the disease [3, 4].
CD4* CD25" FOXP3™* naturally occurring regulatory T
cells (Tregs) are a subgroup of specialized CD4" T cells
accounting for 1-4% of circulating CD4% lymphocyte
in humans. They have a central role in the regulation of
immune response by suppressing the activation of other T
cell subsets, and thus maintaining immune system home-
ostasis [5]. Recent studies described that the number of
peripheral or intratumoral Tregs inversely correlates with
the clinical outcomes in epithelial carcinomas, such as
hepatocellular carcinoma, ovarian and breast cancer [6-8].
However, this scenario is somehow different for hemato-
logic malignancies like lymphoma in which the cells of the
immune system are affected themselves and become malig-
nant. In this respect, it has been shown that the role of Tregs
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in lymphoid malignancies seems to be context-dependent
and controversial; hence, it might be associated with either
poor or favorable prognosis, depending on the tumor type
[5,9-18].

The T helper 17 (Th17) cells are another group of CD4*
T cells characterized by the production of inflammatory
cytokines IL-17A and IL-17F, and play a major role in trig-
gering an inflammatory response [19]. The role of Th17 cells
in the prognosis of solid tumors is controversial [20-23].
Also, few data are available about the association of the
peripheral blood Th17 and prognosis of lymphoma patients
[24, 25].

Therefore, in the present study, we analyzed the fre-
quency of peripheral blood Tregs and Th17 cells in lym-
phoma patients including patients with cHL and NHL with
DLBCL subtype at different phases of the disease to assess
whether the change in the number of circulatory Tregs/Th17
was associated with prognosis and clinical outcome of these
patients.

Patients and methods
Patient selection criteria

This study was performed on a total 95 lymphoma patients;
47 cHL patients including 10 newly diagnosed (ND), 24 in
remission and 13 in relapsed phase of the disease and 48
NHL patients with DLBCL subtype containing 11 newly
diagnosed (ND), 30 at remission and 7 patients in relapsed
phase who had referred to our hematology and oncology
center affiliated with Shiraz University of Medical Sciences
during April 2018 to November 2019.

The diagnosis was confirmed by immunohistochemistry.
At presentation, all staging workup including bone marrow
aspiration and biopsy and also laboratory tests including
complete blood count, hemoglobin level (Hb), liver func-
tion test, blood urea and creatinine, erythrocyte sedimen-
tation rate (ESR) and lactate dehydrogenase (LDH) level
were examined for all patients. Patients who had previously
received chemotherapy and/or corticosteroids, also HIV
positive patients and all patients with underlying comorbid
diseases were excluded from the study. The staging was per-
formed based on the Ann Arbor system.

Patients were treated according to the type of lymphoma,
as newly diagnosed cHL patients received 6 cycles of ABVD
regimen [doxorubicin 25 mg/m? iv (days 1 and 15), bleo-
mycin 10 IU/m? iv (days 1 and 15), vinblastine 6 mg/m?>
iv (days 1 and 15), dacarbazine 375 mg/m? iv (days 1 and
15)] and 3 cycles of ESHAP salvage chemotherapy [etopo-
side 40 mg/m? iv over 1 h (days 1-4), methylprednisolone
500 mg iv bolus over 15 min (days 1-5), cisplatin 25 mg/m?
iv continuous infusion over 24 h (Days 1-4) and high-dose
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cytarabine 2000 mg/m? iv over 2 h (day 5) were used for
relapsed patients. The treatment protocol for newly diag-
nosed DLBCL patients was six cycles of R-CHOP [rituxi-
mab 375 mg/m2 iv (Day 0), cyclophosphamide 750 mg/
m? iv (Day 1), hydroxydoxorubicin 50 mg/m? iv (Day 1),
vincristine 1.4 mg/m? iv (max 2 mg/day) (Day 1), predniso-
lone 40 mg/m? oral (Days 1-5)] and also R-ESHAP salvage
chemotherapy [rituximab 375 mg/m? iv (Day 0), etoposide
40 mg/m? oral over 1 h (Days 1-4), methylprednisolone
500 mg iv over 15 min (Days 1-5), cisplatin 25 mg/m? iv
continuous infusion over 24 h (Days 1-4) and high-dose
cytarabine 2000 mg/m? iv over 2 h (day 5) for patients in
relapsed or refractory disease phase. After three cycles and
also at the end of the chemotherapy, patients were assessed
for response to treatment. The International Prognostic Index
(IPT) was determined for each patient based on the prognos-
tic factors containing age, stage, extranodal involvement,
LDH level and also ECOG performance status (PS).

Sample collection

Five-milliliter of peripheral blood was collected in Ethylen-
ediaminetetraacetic acid (EDTA)-containing tubes from all
patients. The peripheral blood mononuclear cells (PBMCs)
were isolated, using Ficoll-hypaque (Inno-Train, Germany)
density gradient centrifugation and cells were washed twice
with phosphate-buffered saline (PBS) (1x) buffer prior to
flow cytometry staining.

Immunofluorescence staining of Tregs

After washing, the cell pellets were resuspended in staining
buffer (5% FBS in PBS 1x) and adjusted to 5x 10° cells per
100 pl staining buffer. For Treg staining, the following pro-
cedure was used. Cells were first stained for surface mark-
ers, using PerCP-Cy™5.5 mouse anti-human CD4 (Clone
SK3) (BD Biosciences, USA) and FITC mouse anti-human
CD25 (Clone M-A251) (BD Biosciences, USA) antibodies
and incubated at room temperature for 20 min in the dark.
After washing, cells were fixed and permeabilized accord-
ing to the manufacturer’s instruction, using human FOXP3
buffer set (BD Biosciences, USA) followed by cell wash-
ing. For intracellular staining of FOXP3 protein, cells were
stained with PE mouse anti-human FOXP3 antibody (Clone
259D/C7) (BD Biosciences, USA) and incubated at room
temperature for 20 min in the dark. After washing step, cell
pellets were resuspended in 200-300 pl staining buffer and
analyzed by FACSCalibure flow cytometer (BD Biosciences,
USA) and FlowJo software. The lymphocyte population was
first defined based on the Forward versus Side scatter. The
percentage of Tregs was calculated by the selection of CD4"
T cells in the lymphocyte population followed by an enu-
meration of the CD25% FOXP3* cells within the CD4™" gate.
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Finally, the frequency of Tregs was compared between each
patient subgroups (Fig. 1).

Intracellular cytokine staining of Th17 cells

The frequency of Th17 cells was determined by intracellular
staining for IL-17 cytokine. Briefly, 5 10° cells were resus-
pended in 1 ml RPMI1640 supplemented with 10% FBS,
and stimulated with 50 ng/ml PMA (Phorbol 12-myristate
13-acetate) (Sigma, Germany) and 1 pg/ml Inomycin

(Sigma, Germany) for 4 h in 5% CO2-containing incubator
at 37 °C. The protein transport was blocked, using Monensin
solution (BD Biosciences, USA). After that cells were col-
lected, washed twice and dissolved in 100 pl staining buffer.
To detect Th17 lymphocytes, cells were first stained for sur-
face marker CD4, using PerCP-Cy™5.5 mouse anti-human
CD4 (Clone SK3) (BD Biosciences, USA) antibody and
incubate at 4 °C for 30 min in the dark, followed by fixation/
permeabilization, using cytofix/cytoperm buffer (BD Bio-
sciences, USA) according to the manufacture’s instruction.
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Fig.1 Flow cytometric analysis of Treg (a—c) and Th17 (d—f) fre-
quency in lymphoma patients at different disease phases; For Treg
quantification, CD4* cells (R2) were first selected in lymphocyte
population (R1) followed by gating of CD25* FOXP3* cells (Q2
quadrant) within CD4% lymphocytes. For Th17 enumeration, the

FL3-H: CD4 PerCP-Cy5.5

FL1-H:CD25FITC

CD4" IL-177 cells (Q2 quadrant) were gated in lymphocyte popu-
lation (R1). a/d, b/e and c/f are representative of a newly diagnosed
(ND), patient at remission and a relapsed/refractory patient, respec-
tively
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Fig.1 (continued)

The presence of IL-17 cytokine was detected by incubation
with PE mouse anti-human IL-17 cytokine (Clone N49-653)
(BD Biosciences, USA) at 4 °C for 30 min in the dark. After
washing the cells twice with perm/wash buffer, the cell pellet
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was dissolved in 200-300 pl staining buffer and analyzed
by FACSCalibure flow cytometer (BD Biosciences), using
FlowJo software. The percentage of Th17 was calculated
by selecting CD4* IL-17" T cells within the lymphocyte
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population. Finally, the frequency of Th17 cells was com-
pared between each patient groups (Fig. 1).

Statistical analysis

Data were analyzed, using SPSS (Statistical Package for the
Social Sciences) version 22.0. Quantitative variables are
described as mean + standard deviation (SD) and median.
Nonparametric Mann—Whitney U test was used to com-
pare the two groups. For comparing more than two groups,
Kruskal-Wallis test was used. Pearson’s correlation test was
performed to evaluate the association of quantitative vari-
ables. The duration of survival was calculated from the date
of entry into the study. The survival curve was plotted, using
the Kaplan—-Mayer method and log-rank test. p value <0.05
was considered to be statistically significant.

Results

This study included 47 cHL patients with mean age
38.68 +13.08 range (23-83) years and 48 DLBCL with
mean age 50.14 + 14.9 range (23-82) years. The male/female
ratio was 31/16 in cHL and 24/24 in DLBCL patients. The
laboratory and clinical characteristics of patients are sum-
marized in Table 1.

Treg/Th17 frequency in cHL patients at different
disease phase

The frequency of Tregs and Th17 lymphocytes was com-
pared between cHL patients at different disease phases
(Table 2) and the mean fluorescent intensity (MFI) of
FOXP3 and IL-17 was considered as their mean expression
level. Accordingly, our results showed that the frequency of
CD25%, CD4* CD25%, CD4* FOXP3* lymphocytes, FOXP3
MEFI and Treg/CD4 ratio was significantly higher in ND cHL
patients compared to patients at remission phase (*P <0.05).
Also, the proportion of Tregs and absolute Treg number was
significantly higher in ND patients compared to patients at
remission (median 3.08% vs. 0.78%, *P <0.001 and 58.15%
vs 17.16%, *P <0.001, respectively).

On the other hand, comparison of the patients at the
remission phase and those with relapsed/refractory dis-
ease showed that the frequency of FOXP3" cells and
CD4" FOXP3* T cells was significantly higher in patients
at remission phase compared to those with relapsed/
refractory disease (*P <0.05). It is worth mentioning that
patients at remission had significantly more Tregs and abso-
lute Treg number compared to those at the relapse phase
(median 0.78% vs. 0.33%; *P=0.007 and 17.16% vs. 6.6%;
*P=0.035, respectively). No significant difference was
observed between patients at the remission phase and those

with relapsed/refractory disease regarding CD25%, CD4*
CD25%, CD25* FOXP3* lymphocytes, FOXP3 MFI and
Treg/CD4 ratio (P> 0.05).

In addition, the number of CD25", FOXP3*, CD4"
CD25%, CD4" FOXP3* cells and Treg/CD4 ratio was sig-
nificantly higher in ND patients compared to those with
relapsed/refractory disease (*P <0.05). Importantly, ND
patients had a significantly higher proportion of Tregs and
also absolute Treg count than those with relapsed/refractory
form of the disease (median 3.08% vs. 0.33%; *P <0.001
and 58.15% vs. 6.6%; *P <0.001, respectively).

The percentage of IL-17 cells, MFI of IL-17 and fre-
quency of Th17 cells were compared within different cHL
groups. The results revealed that there was a significant
increase in MFI of IL-17 in ND patients compared to patients
at the remission phase (2.16% vs. 1.83%; *P=0.032). The
percentage of IL-17* cells, frequency of Th17 lymphocytes
and MFI of IL-17 was not different between ND patients
compared to those at remission and also patients with
relapsed/refractory disease (P> 0.05).

The Treg/Th17 ratio was significantly decreased in
relapsed/refractory cHL patients compared to those at
remission phase as well as ND patients (*P =0.005 and
*P <0.001, respectively).

Treg/Th17 frequency in DLBCL patients at different
disease phase

The proportion of Tregs was evaluated in DLBCL patients
at different disease phases (Table 2). Our results showed that
like cHL patients, ND DLBCL patients had a significantly
elevated number of CD4* CD25" lymphocytes as well as
Treg/CD4 ratio compared to patients at remission phase
(*P <.0.05). The frequency of Tregs and absolute Treg num-
ber was also higher in ND DLBCL patients compared to
patients at remission (median 2.57% vs. 1.11%; *P <0.001
and 54.79% vs.18.01%; *P < 0.001, respectively).

On the other hand, DLBCL patients at remission state
had significantly more percentage of CD4*, CD4* CD25*
and CD4* FOXP3™ lymphocytes compared to those with
relapsed/refractory form of the disease (*P <0.05). Similar
to cHL patients, DLBCL patients at the remission phase had
higher number of Tregs compared to those at the relapse
phase (median 1.11% vs. 0.29%; *P <0.001).

The number of CD4*, CD4* CD25%, CD4* FOXP3* lym-
phocytes and Treg/CD4 ratio was significantly higher in ND
DLBCL patients compared to patients with relapsed/refrac-
tory form of the disease (*P < 0.05). Additionally, the level
of Tregs and absolute Treg count was significantly greater
in ND DLBCL patients than those with relapsed/refractory
form of the disease (median 2.57% vs. 0.29%; *P <0.001
and 54.79% vs. 14%; *P < 0.001, respectively).
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Table 1 The laboratory and clinical characteristics of lymphoma patients

Variable cHL patients (n=47) NHL patients (n=48)
Age (years)

Mean +SD 38.68 +13.08 50.14+14.9

Range (years) 23-83 23-82
Sex

Male (%) 31 (65.9) 24 (50)

Female (%) 16 (34.1) 24 (50)
Laboratory characteristics Mean+SD Mean +SD
WBC count (x 10%/mL) 6.36+2.81 5.84+2.14
Platelet count (x 10*/mL) 228+91.14 225+74.35
Lymphocyte (%) 34+12.25 36.41+11.51
Neutrophil (%) 58.75+12.25 66.52+13.4
Hb level (g/dL) 12.85+2.71 12.54+2.13
ESR (mm/h) 27.89+4.91 25.56+4.71
LDH (U/L) 323.92+127.06 317.5+126.34
BUN (mg/dL) 14.53+4.49 15.65+5.86
Creatinine (mg/dL) 0.94+0.17 0.9+0.21
Clinical parameters Number (%)
Disease status

New case 10 (21.3) 11 (22.9)

Remission 24 (51.1) 30 (62.5)

Relapse 13 (27.6) 7 (14.6)
B symptom

Yes 28 (59.6) 28 (58.3)

No 19 (40.4) 20 (41.7)
Nodal involvement

Nodal involvement 42 (89.4) 30 (62.5)

Extranodal involvement 0(0) 5(10.4)

Nodal + extranodal involvement 5(10.6) 13 (27.1)
Stage

I-1I 21 (44.7) 28 (58.3)

MI-IV and others® 26 (55.3) 20 (41.7)
Performance status (ECOG)

<2 27 (57.4) 20 (41.7)

>2 20 (42.6) 28 (58.3)
IPI (score)

Low (0-1) 20 (42.6) 18 (37.5)

Intermediate (2, 3) 23 (48.9) 25 (52.1)

High (3, 4) 4(8.5) 5(10.4)

Disease outcome

Initial status of patients CR Relapse Death CR Relapse Death
New case 10 0 0 11 0 0
Remission 21 2 1 26 3 1
Relapse 9 2 2 3 2 2
Total 40 4 3 40 5 3

WBC white blood cells, Hb hemoglobin, ESR erythrocyte sedimentation rate, LDH lactate dehydrogenase, BUN blood urea nitrogen, IPI score

international prognostic index score, CR complete remission

“Patients with only extranodal involvement
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«Fig.2 The relationship between frequency of Treg and Th17 lym-
phocytes and complete remission (CR) (a), survival (b), Performance
status (PS) (c) and IPI score (d), respectively, in cHL and DLBCL
patients. CR (+) represents patients who achieved complete remission
and CR (—) represents patients who did not achieve complete remis-
sion, ns not significant and *P <0.05

Flow cytometry analysis of the Th17 cells showed that
like cHL patients, DLBCL patients with relapsed/refractory
form of the disease had a lower Treg/Th17 ratio compared
to those at remission and also ND ones (*P=0.023 and
*P=0.011, respectively).

Study of Treg/Th17 frequency and clinical
and laboratory features

The relationship between Treg and Th17 number and labo-
ratory data including white blood cells (WBC) and platelet
count, serum Hb, LDH and ESR level was evaluated. Also,
the frequency of Treg and Th17 lymphocytes was assessed
regarding the main clinical features like nodal/extranodal
involvement, disease stage, B symptom, performance status,
and IPI score.

In case of cHL patients, the analysis revealed a positive
correlation between Treg number and WBC count (r=0.343
and *P =0.018), platelet count (r=0.677 and *P <0.001)
and ESR level (r=0.318 and *P=0.029). In addition, the
absolute number of Tregs positively correlated with WBC
(r=0.615 and *P <0.001) and platelet count (r=0.646 and
*P <0.001). A positive association was observed between
the number of CD4* CD25* and CD4* FOXP3™ T cells
with WBC (r=0.389;*P=0.007 and r=0.332; *P=0.023,
respectively) and platelet count (r=0.699; *P <0.001 and
r=0.528; *P <0.001, respectively).

In case of DLBCL patients, no significant association was
observed between MFI of FOXP3 and the number of CD4*
CD25% and CD4* FOXP3* T cells and laboratory parame-
ters (P> 0.05). Similar to cHL patients, a significant correla-
tion was observed between Treg frequency and also absolute
Treg number with WBC count (r=0.324; *P=0.024 and
r=0.518; *P <0.001, respectively).

There was no significant correlation between IL-17 MFI
and the percentage of Th17 lymphocytes and laboratory
parameters, such as WBC and platelet count, serum Hb,
LDH and ESR level in both groups of patients (P > 0.05).

Evaluating the clinical features of lymphoma patients
showed that the distribution of Tregs and Th17 lympho-
cytes was not different regarding the main clinical charac-
teristics of patients including B symptom, nodal/extranodal
involvement and the disease stages in both cHL and DLBCL
patients (P <0.05).

However, the MFI of FOXP3 was significantly higher
in cHL patients with nodal involvement than those with

nodal + extranodal involvement (median 5.99% vs. 3.82%;
*P=0.02).

Patients were divided into two groups based on the per-
formance status (ECOG) (<2 and >2) and IPI score (low-
intermediate and high risk) (Fig. 2). Accordingly, in case
of cHL patients, the percentage of CD4" CD25%, CD4*
FOXP3*, IL-17 MFI, Treg/Th17 ratio, as well as frequency
of Treg lymphocytes and absolute Treg count was signifi-
cantly higher in patients with PS <2 compared to those with
PS>2 (*P=0.003, *P=0.016, *P=0.003, *P=0.009,
*P=0.003 and *P =0.003, respectively) (Fig. 2). cHL
patients within low-intermediate risk group had significantly
higher proportion of CD4* CD25%, CD4" FOXP3*, IL-17
MFI, Treg/Th17 and Treg/CD4 ratio as well as Treg lympho-
cytes and total Treg count compared to the high-risk group
(*P=0.016, *P=0.035, *P=0.029, *P=0.007, *P=0.034
*P=0.004 and *P=0.001, respectively) (Fig. 2). However,
no significant change was observed about the frequency of
these cells regarding performance status and IPI risk group-
ing in DLBCL patients (P >0.05).

Association between initial Treg/Th17 number
and response to therapy and survival rate

Patients were examined every 2-3 weeks during chemo-
therapy and also every 3 months for those patients with
controlled disease, and then, they were followed up from 6
to 18 months. At the end of the study, 40 (85.1%) achieved
complete remission (CR), and 7 (14.9%) did not, among
them, 3 (6.4%) had expired in cHL group (Table 1). Whereas
in DLBCL patients, 40 (83.3%) entered CR and 8 (16.7%)
did not, among them, 3 (6.3%) had died (Table 1).

After that, the association between initial Treg and Th17
number with response to therapy and probability of disease-
free survival (DFS) was assessed in both cHL. and DLBCL
patients. Evaluation of initial Treg and Th17 number in cHL
patients with different response to chemotherapy showed that
patients who achieved CR had significantly higher propor-
tion of CD4* FOXP3*, Tregs, absolute Treg number, Treg/
Th17 and Treg/CD4 ratio than those who did not (median
0.98% vs. 0.4%; *P=0.033, 1.13% vs. 0.3%; *P=0.002,
24.69% vs. 6.01%; *P <0.001, 0.77% vs. 0.52%; *P =0.008
and 0.034% vs. 0.016%; *P=0.015, respectively) (Fig. 2).
In DLBCL patients, the frequency of CD4+ CD25" T cells
was higher in patients who had undergone CR than those
who did not, which was near the significance level (median
0.76% vs. 0.33%; P=0.05) (Fig. 2). Interestingly, the MFI of
IL-17 was increased in DLBCL patients who did not achieve
complete remission (median 2.01% vs. 2.55%, *P =0.024,
respectively).

Patients were also studied for the possible relationship
between Treg and Th17 numbers and survival rate. The
median percentage of Tregs, absolute Treg count and Treg/
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Th17 ratio was significantly higher in patients who were
still alive than those who died (1% vs. 0.22%; *P=0.025,
18.66% vs. 3.3%; *P=0.006; 0.75% vs. 0.3%; *P=0.023,
respectively) in cHL patients. However, in DLBCL patients,
those who were alive had significantly increased level of
CD4* CD25* and CD4" FOXP3* lymphocytes than those
who died (0.75% vs. 0.13%; *P=0.001 and 1.2% vs. 0.38%;
*P=0.027, respectively).

The relationship between initial Treg and Th17 num-
bers and remission duration was investigated. For this pur-
pose, patients were categorized into two groups based on
the median value for Treg and Th17 (group 1 <median and
group 2> median, median cut-off =0.9 and 1.09 for cHL
patients and median cut-off=1.19 and 1.15 for DLBCL
patients, respectively) and survival curve was plotted, using
Kaplan-Mayer survival analysis. Our results showed that
the initial number of Tregs, CD4* CD25%, CD4* FOXP3*,
MEFI of FOXP3, Th17 cells and also Treg/Th17 ratio was not
associated with the change in DFS in both cHL. and DLBCL
patients (P >0.05).

Discussion

The role of intratumoral Treg and Th17 cells in hemato-
logic malignancies, such as lymphoma is up for debate [12,
13, 17, 18]. However, little data is available on the clinical
significance of the peripheral blood Treg/Th17 number in
lymphoma patients like HL and NHL.

In this study, we evaluated the prognostic significance of
the peripheral blood Treg and Th17 lymphocytes in lym-
phoma patients including cHL and DLBCL patients at differ-
ent disease phases and also their association with laboratory
and clinical parameters. Our results showed that the level
of Tregs and also absolute Treg number was significantly
diminished in relapsed patients compared to newly diag-
nosed as well as patients at the remission phase in both cHL
and DLBCL groups.

In a study by Gunduz et al. [26] on 21 ND cHL and 40
ND DLBCL patients, the frequency of peripheral blood
Tregs was higher in patients than the control group, although
the difference was not statistically significant. However,
they were unable to evaluate the association of Tregs with
the prognosis of cHL and NHL patients, since all of their
patients achieved CR. On the other hand, Chang et al. [14]
reported that higher frequency of peripheral blood Tregs
(marked as CD4" CD25% cells) was associated with poor
prognosis of patients with DLBCL (n="77).

Data on the role of Th17 lymphocytes and the prognosis
of lymphoma patients are limited. In a study by Lu et al. on
26 mixed B-NHL patients (including 17 ND and 6 relapsed
DLBCL), 10 ND cHL and 31 healthy controls showed
that the frequency of peripheral blood Th17 lymphocytes
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were significantly reduced in B-NHL patients compared to
healthy individuals. Following one or two cycles of chemo-
therapy, peripheral blood Th17 lymphocytes was normal-
ized, but it was elevated in relapsed patients in comparison
to untreated ND patients or normal individuals [24]. No sig-
nificant change was observed in the frequency of Th17 lym-
phocytes regarding the disease phase in cHL patients [24].
Conversely, Hus et al. reported on 29 ND DLBCL patients
the opposite role of Treg and Th17 cells in B-NHL prognosis
as patients with worse prognosis had a lower percentage of
Th17 and increased Treg number compared to those with
the controlled disease [25]. However, in our study, the level
of Th17 lymphocytes did not significantly change between
patients at different disease phases in both groups.

The logic for these discrepancies is unclear; however, it
might be due to differences in ethnic groups, study popula-
tion (a mixed or specific subtype of lymphoma), number
of patients, and staining protocol used for Tregs and Th17
enumeration. It is also noteworthy that most of these studies
had evaluated Treg and/or Th17 lymphocytes in untreated
ND patients and/or patients at remission, but they did not
evaluate patients at the relapse phase, which was done by
our group. Another difference was that we did not use a con-
trol group in our study. However, to determine the normal
range of Tregs and Th17 lymphocytes as well as to verify
the accuracy of our staining protocol, the frequency of Tregs
and Th17 lymphocytes was measured in six healthy indi-
viduals with no history of cancer or inflammatory diseases.
Consequently, the median (range) of Treg and Th17 num-
bers among them was 1.81 (1.43—4.2) and 0.57 (0.48-1.26),
respectively.

According to the results, it seems that in cHL. and DLBCL
patients, the number of Tregs was significantly higher at the
beginning of the diagnosis, which was normalized following
the first line of chemotherapy regiment, but decreased signif-
icantly in patients with relapse/refractory disease. Therefore,
the high level of peripheral blood Tregs can be considered
as a favorable prognostic factor for prediction of the disease
outcome like response to treatment and relapse occurrence in
cHL and DLBCL patients. However, this assumption has to
be clarified in a larger population, especially those who have
relapsed/refractory disease. In this regard, longer follow-up
and assessment of Tregs in those patients who have relapsed
during their follow-up can be highly informative. Moreover,
a possible explanation for the significant reduction of Treg
population in the peripheral blood of relapsed patients might
be due to the fact that Tregs perhaps preferentially migrate,
and thus accumulate highly in the tumor microenvironment
of these patients. Consequently, the circulatory Treg level is
decreased in these patients. This hypothesis has to be veri-
fied by exploring Tregs in the tumor milieu and assessment
of its correlation with peripheral Treg count in lymphoma
patients at different disease phases.
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Analysis of Treg/Th17 frequency and laboratory and clin-
ical parameters of lymphoma patients revealed that the level
of Tregs and absolute Treg count positively correlated with
WBC, platelet count and ESR level in cHL patients as well
as with WBC count in DLBCL patients. Also, the percent-
age of Tregs and Treg/Th17 ratio positively associated with
achieving complete remission (CR) and survival rate and
inversely associated with PS and IPI score in cHL patients.

In line with our findings, Gunduz et al. showed that
Treg level in the peripheral blood of ND cHL and DLBCL
patients can be associated with poor prognostic factors in
these patients since it positively associated with IPS, CRP,
LDH and had a negative correlation with albumin, absolute
lymphocyte count in cHL patients. In a study by Glowala-
Kosinska et al. [16] in 27 ND DLBCL and 17 healthy con-
trols, it was shown that the higher initial number of Tregs
was positively associated with increased CR rate and the
probability of event-free survival (EFS). Consistent with our
results, in a previous study by Dehghani et al. [15] on 45 ND
NHL patients (mixed population), a positive correlation was
observed between the frequency of CD4* CD25"e Tregs
and CR and patients’ survival. However, we did not observe
any association between the initial number of Tregs/Th17
cells and also Treg/Th17 ratio and change in disease-free
survival (DFS) in both cHL and DLBCL patients. Lack of
this association is most probably due to the limited duration
of our follow-up and failure to follow up all patients equally
(patients did not enter the study at the same time).

The clinical significance of the Tregs in lymphoma
patients still remain obscure. Owing to the critical role of
Tregs in hematologic malignancies, Wang et al. [9] pro-
posed four types of Tregs in malignant lymphoma patients.
These four groups are as follows: (a) suppressor Tregs; (b)
malignant Tregs; (c) direct tumor-killing Tregs; and (d)
incompetent Tregs [9]. When Tregs acts as either suppres-
sor or malignant Tregs, natural anti-tumor cytotoxicity of
the immune system is suppressed; thus, reduced numbers of
Tregs are associated with a favorable prognosis. Conversely,
when Tregs serve as tumor-killing or incompetent Tregs,
anti-tumor cytotoxicity of the immune system is enhanced;
therefore, it can be assumed that increased numbers of Tregs
are associated with a good prognosis. However, the underly-
ing mechanism that determines the activation of suppres-
sor/malignant or tumor-killing/incompetent Tregs in lym-
phoma patients is not clearly defined, yet. Most notably, it
was shown that in normal conditions, activated Tregs have
the capacity to suppress activation and differentiation of
normal B cells [27]. Considering this, it is proposed that
malignant B cells can be targeted in the same way by these
Tregs [10]. Interestingly, Lindqvist et al. showed that both
CD4* FOXP3~ and CD4* FOXP3* Tregs from patients with
B cell malignancy express cytolytic markers like CD107a
and FasL, which are capable of killing autologous leukemic

B cells in vitro by a granzyme-mediated mechanism and the
induction of apoptosis [10, 28]. In support of this hypothesis,
Grygorowicz et al. [29] described that human regulatory T
cells can suppress the proliferation of B lymphoma cells.
Accordingly, it is possible that Tregs with cytotoxic function
is directly involved in the pathogenesis of B cell lymphoma
by regulating malignant B cell growth and survival; hence,
their increase might be beneficial for lymphoma patients,
which is different from what has been generally accepted for
solid tumors. As to whether these cytotoxic Tregs can have
the same function in B cell lymphoma, such as DLBCL and
non-B cell lymphoma like cHL, has to be clarified, using
in vitro and in vivo experiments.

Conclusion

To the best of our knowledge, this is a first report on Treg
and Th17 cells in lymphoma patients at the different phases
of the disease. According to the results, the higher frequency
of peripheral blood Tregs, elevated level of absolute Treg
count and Treg/Th17 ratio is associated with favorable
prognosis, including better response to chemotherapy and
improved survival in cHL patients as well as a lower rate of
relapse in both cHL and DLBCL patients. Longer follow-up
along with study of the larger population, especially ND and
patients with relapsed/refractory disease is recommended.
Also, the evaluation of the functional properties of Tregs in
these patients can provide valuable data to explore the clini-
cal significance of Tregs and Th17 cells in the outcome of
lymphoma patients. Particularly, assessment of the intratu-
moral Tregs and its correlation with peripheral blood Tregs
is also warranted.
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