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Systemic immune response associated with radiation therapy
in B-cell non-Hodgkin's lymphoma of Waldeyer's ring
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Abstract. Radiation therapy (RT) is one of the most effective
therapeutic modalities for B-cell non-Hodgkin's lymphoma of
Waldeyer's ring (WR-B-NHL). However, the responsiveness of
RT remains controversial and clinical biomarkers are required
to predict survival in RT-treated patients with WR-B-NHL.
Previous studies have suggested an association between RT
and systemic immune responses. In the present retrospective
study, the lymphocyte to monocyte ratio (LMR) was identi-
fied as a systemic immune indicator in RT-treated patients
with WR-B-NHL, and the prognostic value of the LMR
with RT and systemic immune responses were evaluated.
The optimal cut-off value of the LMR was selected as 3.14,
and a high LMR demonstrated improved prognosis and was
considered an independent prognostic indicator in RT-treated
patients, particularly in patients with distant non-irradiated
lesions. Furthermore, reverse transcription-quantitative
polymerase chain reaction and ELISA analysis of irradi-
ated lymphoma cell lines and serum samples from patients
with WR-B-NHL demonstrated the upregulated expression
levels of 4-1BB ligands, calreticulin and high mobility group
box 1 compared with non-irradiated groups. Additionally,
CD8* T cells and expression levels of interferon-y in T cells
co-cultured with irradiated cells were significantly increased
compared with non-irradiated cells. The results indicated that
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the anti-programmed cell death protein 1 (PD-1) antibody may
serve a role in lymphoma therapy when combined with RT.
The results of the present study demonstrated the prognostic
significance of the LMR associated with RT in patients with
WR-B-NHL and acknowledged the potential use of PD-1
antibody in RT-treated lymphomas.

Introduction

Non-Hodgkin's lymphoma (NHL) comprises a clinically and
pathologically heterogeneous group of disorders originating
from lymphoid tissue, and the majority of all NHLs arise from
B lymphocytes (B-NHL) (1). Waldeyer's ring is defined as a
circular band of extranodal lymphoid tissues consisting of
palatine tonsils, soft palate, nasopharynx, base of tongue, and
oropharyngeal wall, which is the most common site of B-NHL
in head and neck area (2-4). Due to the specific location of
lesion, chemotherapy combination with radiation therapy (RT)
is currently applied for the primary treatment in B-NHL of
Waldeyer's ring (WR-B-NHL) (5,6). However, the effectiveness
of RT is controversial and the clinical responses of patients with
B-NHL treated with RT are heterogeneous (7,8). Therefore,
effective clinical prognostic biomarkers are required to predict
the response of patients with WR-B-NHL to RT.

Increasing evidence has demonstrated an association
between RT and immune system (9-12). The immune system
has been reported to serve an important role in RT, whereby
systemic immune responses are able to affect the therapeutic
efficacy of radiation (9). Furthermore, RT has been suggested to
serve as an immunogenic stimulus, which has the potential of
inducing immunogenic cell death, and subsequently enhancing
tumor-specific immunity within and outside the radiation
field (13-16). When tumor cells are irradiated, they expose or
release radiation-associated antigens for local and systemic
disease regulation, including the activation of immune cells
and trigger of specific anti-tumor responses (11,17,18). Thus,
immune system, including the innate and adaptive immune
response, not only reflects the therapeutic effects of RT, but
also provides a better understanding of RT-mediated systemic
immune response.
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Clinically, surrogate markers based on systemic immunity,
such as, peripheral blood parameters, including the absolute
lymphocyte count (ALC), absolute monocyte count (AMC),
lymphocyte to monocyte ratio (LMR), neutrophil to lympho-
cyte ratio (NLR), are considered immunologically relevant,
and have been reported to aid in the prognostic evaluation
of various types of malignancies (19-24). To date, it remains
unclear which immune marker predicts clinical outcomes of
RT and is associated with RT affecting systemic immunity
in patients with WR-B-NHL. The present study aimed to
investigate the prognostic value of systemic immune markers
in patients with WR-B-NHL treated with RT, and confirmed
the potential association between RT and systemic immune
responses.

Materials and methods

Patients. The clinicopathological data of 164 patients who
were diagnosed with WR-B-NHL between January 2008
and December 2012 at Harbin Medical University Cancer
Hospital and The First Affiliated Hospital of Harbin Medical
University (Harbin, China) were retrospectively reviewed in
the present study. The male-to-female ratio was 1.38:1, and the
median age for this cohort was 50 years old (range, 11-82 years
old). Eligible participants were pathologically confirmed with
B-NHL according to the World Health Organization classifica-
tion of Tumors of Haematopoietic and Lymphoid Tissues (25),
with no previous history of malignancy, immunosuppression
or transplantation. The clinicopathological characteristics of
the patients, including sex, age, Ann Arbor stage, distant lesion
involvement, Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS), systemic B symptoms, international
prognostic index (IPI) score, and serum lactate dehydrogenase
(LDH) level are listed in Table I. All patients received standard
combination CHOP (cyclophosphamide, doxorubicin, vincris-
tine, and prednisone) or rituximab (R)-CHOP chemotherapy
regimens followed by RT. RT was given according to the
involved nodal field or organ, as previously described (26). The
median dose was 36 Gy in 1.8-2 Gy fractions, given 3-6 weeks
after chemotherapy. The study protocol was approved by the
Institutional Review Board of Harbin Medical University
Ethics Committee. Written informed consent was obtained
from all participants, whereby informed consent from patients
<16 years old was obtained from their parents or guardians.
All methods were performed in accordance with the relevant
guidelines and regulations.

Blood sample analysis. Peripheral blood samples were obtained
from enrolled patients within 1 week before RT in the retrospec-
tive study. Data on standard automated complete blood counts
(CBC) of blood samples were counted using Sysmex XT-1800
Automated Hematology system (Sysmex Corporation, Kobe,
Japan). ALC and AMC levels were derived from CBC tests.
The peripheral LMR was calculated as the ratio of the ALC to
AMC. The peripheral NLR was shown as the ratio between of
absolute neutrophil counts (ANC) and ALC.

Cell lines. In the current study, the human diffuse large
B cell line, SU-DHL-4, and human Burkitt lymphoma cell
line, Raji, were obtained from the American Type Culture
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Collection (ATCC nos. CRL-2957 and CCL-86, respectively;
Manassas, VA, USA). The cells were cultured in RPMI-1640
supplemented with 10% fetal bovine serum (FBS) (both from
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and 1% penicillin-streptomycin in a humidified atmosphere
with 5% CO, at 37°C.

Cell irradiation. SU-DHL-4 and Raji cells were treated
with 1, 3 and 5 Gy of 4MV X-ray irradiation generated by
a high-energy linear accelerator (Elekta Synergy, Stockholm,
Sweden) at a dose rate of 2 Gy/min at room temperature.
Following treatment, the cells were incubated at 37°C for
24 h, and then were counted using an automatic cell counter.
Subsequently, cells were centrifuged at 400 x g for 5 min at
room temperature and then collected for further analysis.

Induction of lymphoma-reactive T-cell lines. Peripheral
blood mononuclear cells (PBMCs) were isolated from
healthy volunteers by density-gradient centrifugation using
Ficoll-Hypaque (GE Healthcare, Chicago, IL, USA) according
to the manufacturer's protocol. The present study was approved
by the Harbin Medical University Cancer Hospital Ethics
Committee and written informed consent was obtained from
all healthy volunteers.

In order to obtain the lymphoma-reactive T cells,
lymphoma tumor cells were induced with 800 ng/ml soluble
CD40 ligand trimer (Amgen, Thousand Oaks, CA, USA)
and then with 2 ng/ml IL-4 (PeproTech, Inc., Rocky Hill, NJ,
USA) as previously reported (27). Subsequently, T cells were
stimulated with the CD40L-activated tumor cells four times.
Then, the lymphoma-reactive T cells were cultured in the
presence of 10 IU/ml IL-2 (Proleukin, Chiron, Amsterdam,
The Netherlands) for further assays.

Cell co-culture and treatment. Ten thousand non-irradiated or
irradiated SU-DHL-4 and Raji cells were cultured in a 6-well
culture plate in RPMI-1640 medium supplemented with 10%
FBS. The T cells were added to the wells and co-cultured with
non-irradiated or irradiated SU-DHL-4 and Raji cells at 37°C
incubator with 5% CO,. After 48 h of incubation, cells and
culture media were collected and stored for further analysis.

Separate sets of experiments were performed for
anti-programmed cell death protein 1 (PD-1) treatment to the
co-culture systems. After cells were under co-culture systems
for 24 h, the anti-PD-1 antibody (1 xg/ml; R&D Systems, Inc.,
Minneapolis, MN, USA) was added into the co-culture T and
non-irradiated or irradiated lymphoma cells. Then, the cells
were centrifuged at 400 x g for 5 min at room temperature and
the cell supernatant was collected.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR) analysis. Total RNA
was extracted from irradiated SU-DHL-4 and Raji cells
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), following the manufacturer's protocol. For cDNA
synthesis, 2 pug of total RNA was reverse transcribed using
the Transcriptor First Strand cDNA Synthesis kit (Roche
Diagnostics, Basel, Switzerland). qPCR analysis was
performed using SYBR Premix Ex Taq II (Takara Bio, Inc.,
Otsu, Japan). The primers used are listed in Table II. The
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Table I. Clinicopathological characteristics of patients with WR-B-NHL based on LMR.

LMR
Characteristics Overall (%) (n=164) <3.14 (n=86) >3.14 (n=78) P-value
Sex 0.708"
Male 95 (57.93) 51 44
Female 69 (42.07) 35 34
Age, years 0.791*
<60 114 (69.51) 59 55
>60 50 (30.49) 27 23
Histological subtype 0.002*
DLBCL 97 (59.15) 41 56
Non-DLBCL 67 (40.85) 45 22
Ann Arbor stage 0.004¢
a 127 (77.44) 59 68
/v 37 (22.56) 27 10
Distant lesion involvement 0.045?
- 107 (65.24) 50 57
+ 57 (34.76) 36 21
ECOG PS 0.072*
0-1 154 (93.90) 78 76
>2 10 (6.10) 8 2
B symptoms 0.007%
- 123 (75.00) 57 66
+ 41 (25.00) 29 12
IPI score 0.006*
0 64 (39.02) 28 36
1 47 (28.66) 20 27
2 34 (20.73) 23 11
>3 19 (11.59) 15 4
LDH 0.623"
Normal 85 (51.83) 43 42
High 79 (48.17) 43 36
Treatment regimens 0.888*
CHORP plus RT 119 (72.56) 62 57
R-CHOP plus RT 45 (27.44) 24 21
ALC (x10%1) 1.65 (0.11-11.4)¢ 1.22 (0.11-2.44) 2.10 (0.8-11.4)° 0.335°
AMC (x10°/1) 0.52 (0.08-2.55)¢ 0.64 (0.18-2.55)° 0.39 (0.08-1.9)° <0.001°

3Chi-square test by two-sided Pearson's exact test. "Wilcoxon rank-sum test. “Representing mean and standard deviation in the bracket. LMR,
lymphocyte-to-monocyte ratio; DLBCL, diffuse large B-cell lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance status;
IPI, international prognostic index; LDH, lactate dehydrogenase; RT, radiation therapy; ALC, absolute lymphocyte counts; AMC, absolute

monocyte counts.

thermocycling conditions were as follows: Initial step of 95°C
for 2 min; followed by 50 cycles of 95°C for 5 sec, 58°C for
10 sec; and extension at 72°C for 30 sec. The relative quan-
tification of mRNA expression was calculated by the 2444
method (28) following normalization to $-actin expression.

ELISA. The culture supernatants from irradiated SU-DHL-4
and Raji cells, and peripheral blood samples collected as

aforementioned were used to measure the expression levels
of 4-1BB ligands (4-1BBL), calreticulin (CRT) and high
mobility group box 1 (HMGBI1) via ELISA analysis. CRT
levels were determined using double-antibody sandwich
ELISA (cat. no. xI-Em1860, Shanghai Xin Le Biological
Technology Co., Ltd., Shanghai, China). HMGBI levels were
measured using a commercial ELISA kit from Novatein
Biosciences, Inc. (cat. no. NB-S11133; Woburn, MA, USA)
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Table II. Primer sequences for RT-qPCR.

Primer Sequence (5'-3")
Calreticulin

F AAATGAGAAGAGCCCCGTTCTTCCT

R AAGCCACAGGCCTGAGATTTCATCTG
HMGBI1

F TTGATTCTAATAATCCCATGCTTTGA

R AATTTCACATAGCCCACTTACATTTAC
MICA/B

F GTGCCCCAGTCCTCCAGAGCTCAG

R GTGGCATCCCTGTGGTCACTCGTC
FAS

F ATTATCGTCCAAAAGTGTTAAT

R TGCATGTTTTCTGTACTTCCTT
0X-40 ligands

F TCACCTACATCTGCCTGCACTT

R GAAACCTTTCTCCTTCTTATATTCGGTA
4-1BB ligands

F GTTTCACTTGCGCTGCACCTGCAGCCA

CTG
R GGCTCTAGATATCAAGGTCCAACTTGG
GGAAGG

h-ACTB

F GGGAAATCGTGCGTGACATT

R GGAACCGCTCATTGCCAAT

RT-qPCR, reverse transcription-quantitative polymerase chain reac-
tion; F, forward; R, reverse; HMGB1, high mobility group box 1.

and 4-1BBL levels were measured by an ELISA kit from
RayBiotech, Inc. (cat. no. ELH-41BB; Norcross, GA, USA)
according to the manufacturer's protocols. IFN-y production
from the co-systems of T cells with non-irradiated or irradi-
ated lymphoma cells were measured using an IFN-y ELISA
kit from R&D Systems, Inc. (cat. no. DIF50).

Flow cytometry. T cells co-cultured with non-irradiated or
irradiated SU-DHL-4 cells were used for flow cytometry. The
cells were stained with human-CD8-fluorescein isothiocya-
nate antibody (monoclonal RPA-TS; cat. no. 11-0088-42; 1:20;
eBioscience; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 20 min. Following washing with staining buffer
(cat. no. 00-4222-57; eBioscience; Thermo Fisher Scientific,
Inc.), the stained cells were detected using a BD Biosciences
LSR Fortessa and analyzed using BD Accuri C6 software
(both from BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis. The receiver operating characteristic
(ROC) curve analysis was performed to select cut-off value
of the ALC, AMC, LMR and NLR for survival analysis. The
optimal cut-off point on the ROC curve was considered as the
highest Youden index (sensitivity + specificity-1). Chi-squared
and Fisher's exact tests were performed to evaluate the
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associations between the LMR and clinicopathological
parameters.

The Kaplan-Meier estimator method was used to determine
overall survival (OS; the period between the date of diagnosis
and the date of mortality due to any cause or the last follow-up)
and progression-free survival (PFS; the period between the
date of RT initiation and the date of disease progression).
Differences between OS or PFS curves were compared using
the two-tailed log-rank test. Multivariate analyses to evaluate
the variables under the prognostic factors section were
performed using Cox proportional hazards models, and the
results were presented as hazard ratios (HRs) and 95% confi-
dence intervals (CIs). Two-tailed, unpaired Student's t-tests,
one-way analysis of variance with Fisher's Least Significant
Difference post hoc and Wilcoxon signed-rank test were used
to analyze the statistical significance of RT-PCR, ELISA and
flow cytometry results. Data are presented as the mean + stan-
dard deviation. All statistical data analyses were performed
with SPSS 20.0 statistics software (IBM Corp., Armonk, NY,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Clinical characteristics in RT-treated patients with
WR-B-NHL. A total of 164 patients with WR-B-NHL who
received RT were enrolled in the present study and the clini-
copathological characteristics of these patients are listed in
Table I. In a cohort of 164 patients, 97 patients (59.15%) were
diagnosed with diffuse large B-cell lymphoma and 67 patients
(40.85%) were diagnosed with other subtypes. According to
the Ann Arbor stage, 127 patients (77.44%) were in early stage
(stage I and II) and 37 patients (22.56%) were in the advanced
stage (stage III and IV). Fifty-seven patients (34.76%) had
single or multiple distant lesions. According to the ECOG
PS classification, 154 patients (93.90%) were classified as
grade 0-1 and 10 patients (6.10%) were classified as grade
>2. Additionally, 41 patients (25.00%) had B symptoms and
53 patients (32.32%) had intermediate or high-risk IPI scores.
Based on serum LDH levels, 79 patients (48.17%) had higher
LDH levels over the upper limit of the normal range (normal
range, 120-246 U/l). All patients received CHOP (72.56% of
patients) or R-CHOP (27.44% of patients) chemotherapy regi-
mens combined with the RT.

LMR is a systemic immune marker to divide RT-treated
patients with WR-B-NHL. The peripheral ALC, AMC, LMR
and NLR were collected and calculated from patients with
WR-B-NHL treated with RT to define the systemic immune
status of these patients. Then, the four parameters were
analyzed using the ROC curve (1). No statistically significant
differences in the ALC, AMC or NLR were identified by ROC
analyses (Fig. 1A, B and D). The significant optimal cut-off
value of the LMR was selected as 3.14, with an area under the
curve (AUC) value of 0.675 (P=0.011; Fig. 1C). The enrolled
patients were classified into the low LMR group (n=86) and
high LMR group (n=78) according to the cut-off LMR value,
as presented in Table I.

The association between the LMR and clinical char-
acteristics are stated in Table I. Patients with an LMR
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Figure 1. ROC curve analysis for several peripheral blood parameters in 164 WR-B-NHL patients. (A) ROC analysis for ALC (P=0.192 with an AUC as 0.582).
(B) ROC analysis for AMC (P=0.514 with an AUC as 0.541). (C) ROC analysis for the LMR (P=0.011 with an AUC as 0.675, the cut-off value was 3.14).
(D) ROC analysis for the NLR (P=0.423 with an AUC as 0.450). ROC, receiver operating characteristic, WR-B-NHL, B cell non-Hodgkin's lymphoma of
Waldeyer's ring; ALC, absolute lymphocyte count; AUC, area under the curve; AMC, absolute monocyte count; LMR, lymphocyte to monocyte ratio; NLR,
neutrophil to lymphocyte ratio.
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Figure 2. Kaplan-Meier estimated the OS and PFS in 164 WR-B-NHL patients treated with RT. The patients were divided into two groups according to the
LMR cut-off value of 3.14. Patients with an LMR >3.14 presented significantly higher (A) OS rates (P=0.027) and (B) PFS rates (P=0.039) compared with
an LMR <3.14. OS, overall survival; PFS, progression-free survival; WR-B-NHL, B cell non-Hodgkin's lymphoma of Waldeyer's ring; RT, radiation therapy;
LMR, lymphocyte to monocyte ratio.

<3.14 were significantly associated with the histological
subtype (P=0.002), the advanced Ann Arbor stage (P=0.004)
andIPIscore (P=0.006),higher presence of B systems (P=0.007)

and distant lesion involvements (P=0.045) (Table I). The mean
counts of lymphocytes in the low or high LMR groups were
1.22x10%/1 (range, 0.11x10°-2.44x10°/1) and 2.10x10°%/1 (range,
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Figure 3. Kaplan-Meier estimated the OS and PFS rates in RT-treated WR-B-NHL patients with different clinical stages. In early stage (stage I/II), patients
with an LMR >3.14 showed higher (A) OS rates (P=0.037) and (B) PFS rates (P=0.049) compared with an LMR <3.14. In advanced stage (stage III/IV),
patients with an LMR >3.14 showed higher (C) OS rates (P=0.021) and (D) PFS rates (P=0.035) compared with an LMR <3.14. OS, overall survival; PFS,
progression-free survival; WR-B-NHL, B cell non-Hodgkin's lymphoma of Waldeyer's ring; RT, radiation therapy; LMR, lymphocyte to monocyte ratio.
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Figure 4. Kaplan-Meier estimated the OS and PFS rates in 57 RT-treated patients who had distant lesion involvements. Patients with an LMR >3.14 presented
significantly higher (A) OS rates (P=0.011) and (B) PFS rates (P=0.041) compared with an LMR <3.14. OS, overall survival; PFS, progression-free survival;

RT, radiation therapy; LMR, lymphocyte to monocyte ratio.

0.8x10°-11.4x10°/1), respectively. The mean counts of mono-
cytes were 0.64x10%1 (range, 0.18x10°-2.55x10%/1) in the low
LMR group and 0.39x10%1 (range, 0.08x10°-1.9x10%1) in the
high LMR group (P<0.001; Table I).

A high LMR predicts improved prognosis in patients with
WR-B-NHL with RT. Kaplan-Meier curve analysis was
performed to evaluate the OS and PFS rates in the low and
high LMR groups. The OS and PFS rates were significantly
worse in the LMR <3.14 group compared with that in the LMR
>3.14 group (P=0.027 and P=0.039, respectively; Fig. 2).

LMR predicts survival in RT-treated patients with WR-B-NHL
with clinical stages as well as in patients with distant lesion
involvements. To further evaluate the effects of the LMR on
patient survival with different subgroups of clinical stages, the
enrolled patients were separated into low and high LMR groups
according to early (stage I/1I) and advanced (stage III/IV)
stages. Using the Kaplan-Meier method, high LMR levels in
patients with early and advanced stages were demonstrated
to predict relatively longer OS (P=0.037 and P=0.049,
respectively) and PFS times (P=0.021 and P=0.035, respec-
tively) (Fig. 3).
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Table III. Multivariate analysis of prognostic factors for survival in patients with WR-B-NHL.

(O PFS
Covariate HR 95% CI P-value® HR 95% C1 P-value®
Age, years 0.825 0.373-1.824 0.635 0.731 0.352-1.516 0.399
Histological subtype 1.297 0.513-3.280 0.582 0.817 0.362-1.844 0.627
Ann Arbor stage 1.328 0.572-3.081 0.509 1.458 0.654-3.248 0.356
Distant lesion involvement 0.597 0.229-1.554 0.291 0.680 0.298-1.552 0.360
ECOG PS 1.305 0.338-5.048 0.699 2.122 0.718-6.271 0.173
B symptoms 1.488 0.522-4.241 0.457 1.097 0.421-2.862 0.850
IPI score 0.760 0.341-1.698 0.504 0.612 0.289-1.293 0.198
LDH 0.602 0.267-1.356 0.220 0.723 0.349-1.501 0.385
Treatment regimens 0.619 0.249-1.540 0.302 0.496 0.211-1.164 0.107
LMR 0.427 0.197-0.926 0.031 0.435 0.214-0.885 0.022

*Cox analysis. OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; IPI, international prognostic index; LDH, lactate dehydrogenase; LMR, lymphocyte-to-monocyte ratio.
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Figure 5. RT-PCR analysis of radiation-associated proteins in SU-DHL-4 and Raji cells treated with 0, 1, 3 and 5 Gy of 4MV X-ray irradiation. The radia-
tion-associated proteins included: (A) 4-1BB ligands, (B) CRT, (C) HMGBI, (D) MICA/B, (E) FAS and (F) OX-40 ligands. "P<0.05 vs. Control; “P<0.01 vs.
Control. RT-PCR, reverse transcription-polymerase chain reaction; CRT, calreticulin, HMGBI, high mobility group box 1.

Inacohort of 164 patients, 57 patients received RT following
the presence of simple or multiple distant lesions. The OS and
PFS rates of the prognosis were evaluated in these patients.
The curves revealed that patients who had higher LMR values
exhibited significantly more improved clinical responses to RT
compared with their matched counterparts with lower LMR
values (P=0.011 and P=0.041, respectively; Fig. 4).

LMR is an independent prognostic indicator in RT-treated
patients with WR-B-NHL. The influences of various clinical
characteristics on OS or PFS were estimated using Cox
proportional hazards models in all 164 patients, as shown in
Table III. According to the multivariate analyses, the LMR
may be regarded as an independent prognostic indicator
for OS (P=0.031; HR, 0.427; 95% CI, 0.197-0.926) and PFS
(P=0.022; HR, 0.435; 95% CI, 0.214-0.885). Other clinical

variables were not significantly associated with OS or PFS in
the multivariate analysis.

Overexpression of radiation-associated antigens occurs in
irradiated lymphoma cells and serum samples of patient.
SU-DHL-4 and Raji cells were irradiated to simulate RT
in patients with B-NHL. A total of six potential radiation-
associated proteins were selected and analyzed as they are
considered as important radiation-induced proteins associ-
ated with T cell responses (29). The results demonstrated that
following radiation, the mRNA expression of 4-1BBL, CRT,
HMGBI and OX-40 ligands (OX-40L) were higher compared
with non-irradiated cells, whereas NKG2D ligands (named
MICA/B) and FAS were unchanged compared with the
control group (Fig. 5). Additionally, the soluble expressions of
4-1BBL, CRT and HMGBI, which were notably upregulated
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Figure 6. ELISA analysis of protein expressions in cell culture supernatants of non-irradiated or irradiated SU-DHL-4 and Raji cells as well as serum samples
of patients with WR-B-NHL prior to and following RT. (A) 4-1BB ligands, (B) CRT and (C) HMGBI protein in cells. (D) 4-1BB ligands, (E) CRT and
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Figure 7. Effects of irradiated SU-DHL-4 and Raji cells on the T cells. (A) Flow cytometry analysis the proportion of CD8*T cells in co-culture system of
T cells with non-irradiated or irradiated SU-DHL-4 and Raji cells. (B) ELISA analysis of IFN-y expressions in co-culture system of T cells with SU-DHL-4
and Raji cells treated with non-irradiation, irradiation or the anti-PD-1 antibody. “P<0.01 vs. control; “P<0.01 vs. 5 Gy and anti-PD-1 antibody.

at mRNA levels, were further detected in the cell supernatants
and serum samples of patients with WR-B-NHL. As expected,
these proteins were significantly increased in radiated cell
supernatants as well as serum samples of RT-treated patients,
as demonstrated in Fig. 6.

Reactivity of T effector cells is activated by irradiated
lymphoma cells. In order to elucidate the relevance in terms
of the radiation lymphoma cells affecting the T cell anti-tumor
responses, T cells were co-cultured with non-irradiated
or irradiated B-lymphoma cells. As presented in Fig. 7A,
the proportion of CD8* T cells was significantly increased
when T cells were co-cultured with irradiated lymphoma
cells compared with non-irradiated cells. Furthermore, the

expression levels of IFN-y were significantly increased in the
irradiation co-culture system (Fig. 7B), suggesting increased
anti-tumor activities of T cells. Finally, the anti-PD-1 anti-
body was added to the co-culture system, which revealed
that the expression of IFN-y was significantly elevated in the
RT-treated lymphoma-T cell co-culture system, indicating the
significant benefits of using anti-PD-1 antibody in RT-treated
lymphoma cells (Fig. 7B).

Discussion
In the present study, a retrospective analysis in a consecutive

cohort of 164 patients with WR-B-NHL who underwent RT
was performed, which demonstrated that a high LMR is an
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independent favorable systemic immune prognostic factor
for clinical RT response and affects the survival outcomes of
patients with distant lesions. To the best of our knowledge, this
is the first study to estimate the prognostic value of the LMR
in RT-treated patients with WR-B-NHL and investigate the
potential application of the LMR combined with RT on the
systemic immune response, as well as the combination of RT
with immunotherapies.

Accumulating studies have demonstrated that survival
outcomes in patients with lymphoma are associated with
systemic inflammation (22-24,30-32). The peripheral
inflammatory cells, including lymphocytes and monocytes,
represent significant markers of systematic inflammatory
response (20-23). Lymphocytes serve an important role in
activating anti-tumor immunity, whereas a decreased number
of lymphocytes may result in a poor immunologic response,
thus promoting the proliferation and the migration of tumor
cells (33,34). Opposite to the lymphocytes, monocytes exert a
protumoral effect by infiltrating tumor sites and differentiating
into tumor-associated macrophages, which promote tumor
growth via secretion of growth factors and immune suppres-
sive cytokines (35,36). Therefore, the LMR may be a better
biomarker to evaluate the immune activities of the host. As
reported, the LMR may reflect the degree of systemic immu-
nity and is regarded as an important prognostic indicator in a
variety of malignancies, including B-NHL (22-24). There are
several studies focusing on the role of the LMR on therapeutic
responsiveness of chemotherapy regimens (30,37); however,
few studies have compared the LMR with clinical response
to RT (38), which is also an important therapeutic modality
to treat patients with WR-B-NHL. As a result, the purpose
of the present study was to investigate whether the LMR
predicted the tumor responses and outcomes of patients with
WR-B-NHL who received RT.

The optimal cut-off LMR value of 3.14 was selected
prior to RT treatment, and it was demonstrated that a high
LMR predicted more improved clinical outcomes in patients
with WR-B-NHL compared with a low LMR. Furthermore,
maintenance of a high LMR was considered a favorable
independent prognostic factor for the long-term survival
outcomes in RT-treated patients. It is known that RT regulates
local tumor burden and elicits anti-tumor immune effects (11).
However, there were suggestions that RT alone was not
sufficient to initiate anti-tumor effects clinically; thus, the
combined treatment of immunotherapy and RT may be more
effective (11,12,39). The survival analysis data suggested that
a high LMR was a prognostic biomarker for RT.

The present study results also demonstrated the effect of
the LMR in RT-treated patients regarding clinical stages and
distant lesions. Following the analysis of the prognosis of these
subgroups of patients according to the LMR, patients who had
a high LMR exhibited a more improved clinical response
to RT, which confirmed the prognostic value of the LMR in
RT-treated patients with WR-B-NHL. Furthermore, the results
of survival analysis of patients with distant lesions indicated
that when the patient immune status according to the LMR
level is relatively well, RT affected distant non-irradiated
fields. This observation may be explained by the ‘abscopal
effect’, whereby localized RT is able to promote systemic
immune responses at distant non-irradiated sites (10,40,41).
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Although the exact biological mechanisms underlying this
effect are not fully elucidated, immune modulation has been
reported in several studies (40,41).

In order to explore how RT affects local or systemic
immune system, irradiated lymphoma cells were investigated
in the current study. The results demonstrated that 4-1BBL,
CRT, HMGBI and OX-40L were significantly overexpressed
following irradiation of cells, and 4-1BBL and OX-40L are
important co-stimulatory molecules in regulating T cell
function (29,42). Activation of 4-1BBL and OX-40L increases
T-cell generation and survival, and enhances T-cell killing of
tumor cells (42). CRT and HMGBI are important hallmarks of
immunogenic cell death, which may promote the recruitment of
dendritic cells (DCs) into the tumor, the uptake of dying tumor
cells by DCs, and efficient antigen presentation to T cells (11).
When a tumor is irradiated, radiation-associated antigens are
overexpressed and further released. The release of the antigens
may infiltrate blood vessels and enter the peripheral blood;
thus, they may be able to stimulate the circular T lymphocytes,
particularly the CD8" T cells, the major anti-tumor effector
cells. In this case, if the patient has a high LMR, this effect
might be enhanced. Thus, the combination of RT with a high
LMR may have the capability to prime stronger anti-tumor
responses that could control or suppress systemic distant
lesion involvements.

At present, RT combined with chemotherapy is still the
standard therapy in WR-B-NHL patients. However, as with
the development of the immune therapy, the immune check-
point inhibitors have shown potential application values in
lymphoma treatments (43-45). In the present study, whether
the anti-PD-1 antibody was able to enhance the anti-tumor
effects of T lymphocytes was investigated. Previous studies
have shown that the expression of PD-1 is usually induced
on activated T cells (46). Therefore, in our co-culture system
where T cells were activated by the irradiated lymphoma cells,
the PD-1 expression would increased, and blockade of PD-1
was able to enhance the anti-cancer immune activity of the
T cells, as well as the IFN-y expression (47). Furthermore,
we demonstrated better therapeutic effects of combining the
anti-PD-1 antibody with RT in the lymphoma cells, which
might provide some evidences of using PD-1 antibody in
RT-treated lymphomas. In the future, large scale clinical trials
are still needed to evaluate the efficacy of combination RT and
anti-PD-1 antibody in lymphoma treatments.

In conclusion, the data of the present study demonstrated
the predictive significance of the LMR in patients with
WR-B-NHL receiving RT and that the LMR may enhance RT
sensitivity in patients, particularly those with distant lesions.
In this study, the LMR was identified as an independent prog-
nostic biomarker of RT-mediated systemic immune response
in treating patients with WR-B-NHL.
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