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Purpose: The role of NLRP3 inflammasome in the progression of many diseases has been
increasingly recognized. However, the function of this molecular assembly in the develop-
ment and progression of B-cell non-Hodgkin’s lymphoma remains unclear.

Patients and Methods: In this study, we investigated the polymorphisms in the NLRP3
inflammasome associated genes in 281 patients with B-cell non-Hodgkin’s lymphoma and
385 age- and gender-matched healthy controls.

Results: We found that IL-18 (rs1946518) and NF«B-94 ins/del (rs28362491) contributed to
susceptibility to B-cell non-Hodgkin’s lymphoma. Specifically, the allele “G” in IL-18
(rs1946518) and allele “ins” in NFkB-94 ins/del (rs28362491) were significantly associated
with the risk of disease. The AA genotype of CARDS (rs2043211) and the higher level of
serum lactate dehydrogenase (LDH) led to statistically poorer B-cell non-Hodgkin’s lym-
phoma survival. Less frequent genotype TT of CARDS (rs2043211) was observed in patients
with higher LDH level, clinical stages III-IV of disease, and IPI 3-5, although the relation-
ship did not reach statistical significance. However, IPI is an independent prognostic factor
for B-cell non-Hodgkin’s lymphoma.

Conclusion: IL-18 (rs1946518) and NF«B-94 ins/del (rs28362491) gene polymorphisms
appear to be the factors influencing the risk of B-cell non-Hodgkin’s lymphoma. CARDS8
(rs2043211) polymorphisms are important factors for the survival of patients with this
disease.

Keywords: NLRP3, inflammasome, B-cell non-Hodgkin’s lymphoma, susceptibility,
survival

Introduction
Non-Hodgkin’s lymphoma (NHL) is a group of lymphoproliferative diseases,
accounting for a large part of all tumors of immune system.' According to the
type of lymphocytes involved, NHLs can be divided into T-cell lymphomas and
B-cell lymphomas. The development and pathogenesis of lymphoma is complex,
and its specific mechanism is not clear. In normal conditions, B-lymphocytes need
specific signals for survival and proliferation. These signals are generated by cells
in the lymph nodes. In B-cell non-Hodgkin’s lymphoma (B-NHL), the cancer cells
are similar to the normal B cells, and they associate the immune inflammatory
response with the potential of malignant clone for growth®*.

Genetic analysis of B-NHL tumor microenvironment revealed different genetic
characteristics related to the survival.” Functional single nucleotide polymorphisms
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(SNPs) can affect both the inflammatory microenvironment
around the malignant tumor® and directly the malignant B
cells.” Inflammasomes contain a number of cytoplasmic
NOD-like receptors (NLR). NLRs are involved in the recog-
nition of pathogen-produced molecular patterns by the innate
immune. They also recognize molecular patterns associated
with intracellular and extracellular damage.®® More than 20
inflammasomes present in almost every cell have been dis-
covered recently. NLRP3 is one of the most studied members
of the NLR receptor family. The NLRP3 inflammasome
consists of caspase-1 and the adaptor ASC (“apoptosis-asso-
ciated speck-like protein”). Important functional parts of
ASC are its carboxy-terminal caspase-recruitment domain
(CARD) and an amino-terminal pyrin domain (PYD)."
The domain CARDS in ASC binds to the domain CARDS8
of caspase-1, forming an assembly which is required for the
cleavage and consequent activation of caspase-1. Although
the exact role of CARDS in the inflammasome remains
unclear, it is known to function as an inhibitor of NFkB and
caspase-1."""'* Caspase-1 can induce the maturation of inter-
leukins IL-1p and IL-18 through cleavage of their inactive
precursor proteins (pro-IL-1p and pro-IL-18). Activation of
NLRP3 involves two checkpoint activation mechanisms. The
first is a typical initiation step which is triggered by a pattern
recognition receptor and leads to the expression of pro-1L-1p
and NLRP3. The second step involves the assembly and
activation of inflammatory molecular complexes induced
by different ligands.'*'> The inhibition of inflammasomes
or neutralization of their products, particularly the interleu-
kins IL-1P and IL-18, has major effects on the development
and progression of tumors.

Unsurprisingly, inflammasomes are viewed as promis-
ing therapeutic targets for cancer therapy.'® There is no
data reporting a relation between NHL, especially B-NHL,
and polymorphisms in NLRP3 inflammasome so far. Thus,
the purpose of this study was to establish if genetic poly-
morphisms associated with NLRP3 inflammatory signal-
ing (IL-1B rs16944, IL-18 151946518, CARDS8-C10X
rs2043211, and NFkB-94 rs28362491 ins/del) are asso-
ciated with the B-NHL risk and survival.

Materials and Methods

Patients and Controls

A total of 281 consecutive patients with B-NHL diagnosed
using the WHO classification criteria were enrolled in the
study during the period between May 2010 and December
2018 in the affiliated hospital of Qingdao University. All

patients received standard induction chemotherapy based
on the latest National Comprehensive Cancer Network
(NCCN) guideline at the time of definite diagnosis. The
study cohort included 155 males and 126 females. The
median age of the patients was 56 years. Samples from
385 age- and gender-matched healthy individuals (233
males and 152 females, median age 48 years) were col-
lected as controls in this study.

The study was approved by the Ethics Committee of
the affiliated hospital of Qingdao University, China. All
participants provided informed consent, in accordance
with the Declaration of Helsinki. Sample collection time
was morning for volunteers fasting, while normally
patients sample collection time was before treatment.

Sample Preparation and Genotyping
Formalin-fixed paraffin-embedded (FFPE) bone-marrow
aspirates of all patients were used for DNA extraction. In
the control group, DNA was extracted from the whole
blood. Whole blood samples of the control group were
obtained on an empty stomach in the morning.

Genomic DNA (gDNA) was extracted using a
TIANamp blood DNA kit according to the manufacturer’s
instructions. IL-1B (rs16944), IL-18 (rs1946518) and
CARDS-C10X  (rs2043211),
Thermo Fisher Scientific Company. The detection of pro-
moter polymorphism NFkB-94 ins/del ATTG was done
using the forward primer: 5'- CCG TGCTGC CTG CGT
T —3', reverse primer: 5'- GCT GGA GCC GGT AGG
GAA-3’, the probe 1: 5'-VIC- ACC ATT GAT TGG GCC
-MGB-3’, and the probe 2: 5'-FAM- CGA CCATTG GGC
C -MGB-3". All PCR reactions were performed in tripli-
cate. Reaction mixtures contained 1 pL of DNA, 0.15 puL
of TagMan Universal PCR Master Mix, 1.85 uL of water
and 3 pL of Allelic Discrimination Mix. Real-time PCR
was performed using ABI 7500 real-time PCR System
(SDS, PE Biosystems) in the following conditions: 50°C
for 2 min, 95°C for 10 min, and then 40 cycles of ampli-

were purchased from

fication (92°C denaturation for 15 s, 62°C annealing/
extension for 60 s). ABI 7500 Sequence Detection
System (SDS) 1.3.1 was used to analyze the genotypes.

Multivariable Logistic Regression

Multivariable logistic regression analysis was applied to
predict the association between genetic polymorphisms of
NLRP3
susceptibility.

inflammasome-associated genes and B-NHL
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Cox Regression Analysis

COX regression analysis was used to conduct multivariate
analysis of survival in patients with B-NHL, and various
factors included pathologic types, IPI, LDH and NLRP3
genetic polymorphisms, such as IL-18 (rs1946518), IL-1B
(rs16944), CARDS (rs2043211) and NFxB-94 (ins/del
ATTG).

Survival Analysis

Overall survival (OS) was defined as the time from the
date of diagnosis to the date of death of any cause or the
last follow-up.

Statistical Analysis

The continuous variables are presented as mean + SD, and
the categorical variables - as frequencies and percentages
(%). The genotype frequencies of the Hardy-Weinberg
equilibrium were tested by standard chi-square test. The
association between genotype and disease risk was ana-
lyzed by calculating the odds ratio (OR) and the corre-
sponding 95% confidence interval (CI). The OS was

analyzed by the Kaplan—-Meier method (Log rank test).
Cox regression analysis was performed to assess the risk
factors associated with the OS in patients with B-NHL.
GraphPad prism 6.0 system was used for statistical analy-
sis. In this work, bilateral P < 0.05 was considered statis-
tically significant.

Results
The Base Information of Patients with

B-NHL in This Study

The research included 281 B-NHL patients (155 males and
126 females). The age of 62.2% patients 175/281) was
below or equal to 60 while 81.1% patients (228/281)
were mid-stage cancer and last-stage cancer. For most of
the patients, LDH (157/281).
Pathological changes are below or equal 2(196/281), IPI
is below or equal (181/281). There is no B symptom (206/
281) and no bone marrow involvement (244/281). DLBCL
was the common pathological subtype, followed by FL,
MCL and MZL (Table 1).

level were normal

Table |1 The Base Information of Patients with B-NHL in This Study

Characteristics Case (n) Percentage (%)
Agelyear <60y 175 62.28
>60y 106 37.72
Sex Male 155 55.16
Female 126 44.84
Stage = 53 18.86
-V 228 8l.14
LDH (U/L) <230 157 55.87
2230 124 44.13
Extranodal involvement 0~2 196 69.75
2 85 30.25
Bone marrow involvement -) 244 86.83
(+) 37 13.17
B symptoms =) 206 73.31
(+) 75 26.69
IPI 0~2 185 65.84
3~5 96 34.16
Pathologic type DLBCL 188 66.90
FL 48 17.08
MCL 15 5.34
MZL 17 6.05
Others 13 4.63
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The Relationship Between Genetic
Polymorphism in NLRP3 Inflammasome
Associated Genes and B-NHL
Susceptibility

Both IL-18 GG (rs1946518) (y*=122.789, P<0.0001) and
NFkB-94 ins/del (rs28362491) (y*=11.7041, P=0.0029)
were found to be significantly associated with B-NHL.
No significant differences were found in the distribution
of IL-1B (rs16944) (x*=1.1692, P=0.5574) and CARDS
(rs2043211)  (*=1.5652, P=0.4572) polymorphisms
between the B-NHL and the controls (Table 2).

In this study, DLBCL was found to be the most common
pathological subtype, therefore, we discuss relationships in gene
polymorphism and DLBCL and FL susceptibility. We found IL-
18 GG (rs1946518) (;*=106.3, P<0.0001) and NF«B-94 ins/ins
(rs28362491) (=12.67, P=0.0018) in DLBCL, compared to
control group, which was statistically significant. But in the
patients with FL, only IL-18 GG (1s1946518) (4*=30.51,
P<0.0001) were higher than the control group (Table 3).

The Distribution of NLRP3 Alleles and
Their Association with B-NHL
Susceptibility

To investigate the relationship between the alleles of IL-18
(rs1946518) and NF«B-94 ins/del (1s28362491) and B-NHL
susceptibility, multivariate logistic regression analysis was

performed controlling for age and gender. Analysis of the
alleles of IL-18 (rs1946518) demonstrated a significantly
increased risk among patients carrying the allele “G” in all
study subjects in dominant model (OR = 4.271, 95%
CI=3.273-5.575, P<0.0001). In addition, the “ins” allele of
NF«B-94 ins/del (rs28362491) was linked to the increased risk
of B-NHL (OR=1.265, 95% CI=1.010-1.586, P =0.0194)
(Table 4).

The Association of NLRP3 Inflammasome
Genetic Polymorphisms and B-NHL

Patient Characteristics

Next, we investigated the association between NLRP3
inflammasome genetic polymorphisms and clinical char-
acteristics of patients including age, gender, level of serum
lactate dehydrogenase (LDH), clinical stage of disease,
international prognostic index (IPI), and sites of extranodal
NLRP3
inflammasome genetic polymorphisms were not associated

involvement. The results demonstrated that

with age, sex, LDH level, clinical stages, extranodal invol-
vement, IPI and bone marrow involvement (Table 5).

Higher LDH Level and CARDS8
(rs2043211) AA Genotype Contributed

to Poorer B-NHL Survival
For each SNP, the patients were stratified according to their
specific genotypes. The survival data are shown in Figure 1.

Table 2 The Distribution of NLRP3 Genetic Polymorphisms and Their Association with B-NHL Susceptibility

Polymorphisms Case (n) Control (n) xz P
IL-18 (rs1946518)
GG 187 (69.78%) 104 (27.01%) 122.789 <0.0001
GT 71 (26.49%) 203 (52.73%)
TT 10 (3.73%) 78 (20.26%)
IL-1B (rs16944)
GG 83 (29.75%) 100 (25.97%)
GA 131 (46.95%) 189 (49.09%) 1.1692 0.5574
AA 65 (23.30%) 96 (24.94%)
CARDS (rs2043211)
AA 65 (26.21%) 118 (30.65%) 1.5652 0.4572
AT 115 (46.37%) 172 (44.68%)
TT 68 (27.42%) 95 (24.67%)
NF«B-94 (ins/del ATTG) 11.7041 0.0029
ins/ins 116 (43.28%) 119 (30.91%)
ins/del 100 (37.31%) 189 (49.09%)
del/del 52 (19.40%) 77 (20.00%)

Note: Statistical significant P values and corresponding lines are displayed in bold.
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Table 3 The Distribution of NLRP3 Genetic Polymorphisms and Their Association with DLBCL and FL Susceptibility

Polymorphisms Control (n) DLBCL FL
Case (n) )(2 P Case (n) )(2 P
IL-18(rs1946518)
GG 104(27.01%) 132(71.74%) 106.3 <0.0001 31(65.96%) 30.51 <0.0001
GT 203(52.73%) 46(25.00%) 14(29.79%)
TT 78(20.26%) 6(3.26%) 2(4.25%)
IL-1B(rs16944)
GG 100 (25.97%) 54 (29.19%) 1.053 0.5906 17(35.42%) 4311 0.1159
GA 189(49.09%) 9l (49.19%) 16(33.33%)
AA 96(24.94%) 40 (21.62%) 15(31.25%)
CARDS8
(rs2043211)
AA 118(30.65%) 44(27.33%) 0.784 0.6757 12(26.09%) 22 0.3329
AT 172(44.68%) 78(48.45%) 18(39.13%)
TT 95(24.67%) 39(24.22%) 16(34.78%)
NF«B-94(ins/del
ATTG)
ins/ins 119(30.91%) 83(45.86%) 12.67 0.0018 17(36.17%) 0.772 0.6797
ins/del 189(49.09%) 65(35.91%) 20(42.55%)
del/del 77(20.00%) 33(18.23%) 10(21.28%)

Note: Statistically significant P values and corresponding lines are displayed in bold.

Table 4 The Distribution of NLRP3 Alleles and Their Association with B-NHL Susceptibility

Alleles Case (n) Control (n) Ve P OR (95% CI)
IL-18 (rs1946518)
G 445 (83.02%) 411 (53.38%) 123.00 <0.0001 4.271 (3.273-5.574)
T 91 (16.98%) 359 (46.62%)
IL-1B (rs16944)
G 297 (53.23%) 389 (50.52%) 0.9489 0.33 1.115 (0.8960-1.386)
A 261 (46.77%) 381 (49.48%)
CARDS (rs2043211)
A 245 (49.40%) 408 (52.99%) 1.5581 0.2119 0.8660 (0.6909-1.086)
T 251 (50.60%) 362 (47.01%)
NF«B-94(ins/del ATTG)
ins 332(61.94%) 427 (55.45%) 5.4612 0.0194 1.265 (1.010-1.586)
del 204(38.06%) 343 (44.55%)

Note: Statistically significant P values and corresponding lines are displayed in bold.

The AA genotype of CARDS (1s2043211) led to statistically
poorer B-NHL-specific survival (P=0.0381). There was no
significant difference in the OS of patients with IL-18
(rs1946518) (P=0.8156), CARDS (rs2043211) (P=0.1685),
NF«B —94 ins/del ATTG (P=0.7638), or IL-1B (rs16944)
(P=0.9311). However, in terms with the SNP of CARDS

(rs2043211), the AA genotype of CARDS (rs2043211) was
associated with statistically poorer B-NHL survival com-
pared to the TT genotype of CARDS (rs2043211)
(P=0.047). The higher LDH level was linked to statistically
poorer B-NHL survival in comparison to the patients with
normal LDH level (P=0.04691) (Figure 1).
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Figure | Kaplan-Meier curves of IL-18 (rs1946518), IL-1p (rs16944), CARDS8 (rs204321 1) NFkB-94 ins/del ATTG genotypes and LDH in patients with B-NHL. Log-rank P
values compared with the different genotypes are shown, and CARDS8 (rs204321 1) AA genotype and higher LDH contributed to poorer B-NHL survival.

Multivariate Analysis of Survival of
Patients with B-NHL in This Study

In order to find the clinically relevant factors in B-NHL
patients, we used cox regression analysis for multiple
factors, including pathological subtype, LDH, IPI, NFkB-
94 (ins/del ATTG), IL-18 (rs1946518), IL-1B (rs16944),
CARDS (rs2043211). Our analyses revealed that IPI is the
factor for B-BHL (p=0.030) (Table 6).

Discussion

Understanding the mechanisms by which the immune sys-
tem affects tumor development and progression is still one
of the oncology.
Epidemiological, genetic and molecular studies have

most challenging issues in
shown that there is a close relationship between inflamma-
tion and cancers.'” In this study, we investigated genetic
polymorphisms related to NLRP3 inflammasome asso-
ciated genes in B-NHL patients. We studied the poly-
morphisms of NLRP3 pathway genes IL-1B (rs16944),
IL-18 (rs1946518), CARDS (rs2043211) and NFxB-94
ins/del ATTG (1s28362491) in 281 patients with B-NHL
and 385 healthy controls.

It remains uncertain which cellular signaling events
mediate the assembly and activation of inflammasomes.
The apoptotic speck-like protein containing the caspase
recruitment domain (ASC) is an important component of

the fully assembled and active NLRP3 inflammasomes.'®
Inflammasomes may act at the cellular autonomic level to
remove cancerous precursors through apoptosis.
Conversely, inflammasomes may stimulate the production
of nutritional factors in cancer cells and their stroma.
Caspase-1 activation in inflammatory cells promotes the
circulation that leads to aseptic inflammation and carcino-
genesis. On the other hand, inflammasomes stimulate
anticancer immune responses in antigen-presenting cells.
The assembly of the inflammasome complex results in the
caspase-1 activation, which triggers the maturation and
secretion of proinflammatory cytokines, including IL-1§
and IL-18. The inflammasomes inhibition or neutralization
of their products, particularly IL-1p and IL-18, has major
impacts on carcinogenesis and progression of tumor. This
makes inflammasomes a promising anticancer therapeutic
target.'®

IL-18 is a pleiotropic, proinflammatory cytokine,
which has dual effect on tumorigenesis and cancer pro-
gression. Cytokine IL-18 belongs to the IL-1 superfamily
produced by multiple immune and non-immune cells.'*°
IL-18 plays a role in the host’s response to tumorigenesis
and angiogenesis. Both IL-18-607 (C/A) and IL-18-137
(G/C) polymorphisms were linked to a significant increase
in the risk of cancer. Since IL-18 plays important roles in

the elimination of cancer cells by immune response to
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Table 6 Cox Regression Analysis for Survival of Patients with B-NHL
Factors P HR 95.0% CI for HR
Lower Upper
Pathologic
Aggressive 0.920 1.032 0.562 1.893
LDH(UIL)
=230 0.780 1.098 0.570 2.114
IPI
3~5 0.030 2.101 1.075 4.098
NFkB-94(ins/del ATTG)
del/del 0.260 1.000
ins/ins 0.388 1.495 0.599 3.729
ins/del 0.121 2.040 0.829 5019
IL-18(rs1946518)
TT 0.846 1.000
GG 0.633 1.626 0.222 11.936
GT 0.733 1.433 0.181 11.321
IL-1B(rs| 6944)
GG 0.944 1.000
AA 0.756 0.878 0.386 1.997
GA 0.778 0.907 0.461 1.785
CARDS8(rs2043211)
TT 0.401 1.000
AA 0.226 1.618 0.742 3.525
AT 0.750 1.128 0.538 2.366

Note: Statistically significant P values and corresponding lines are displayed in bold.

cancer, cancer angiogenesis, metastasis, proliferation and
immune escape, the polymorphisms in the IL-18 gene may
seriously influence the risk of cancer.”'>*

In this study, we found that the IL-18 (rs1946518)
polymorphism was significantly associated with the sus-
ceptibility to B-NHL, while the GG genotype in IL-18 was
significantly associated with the risk of B-NHL. We also
observed a significantly increased risk of B-NHL among
the carriers of the allele “G” of IL-18 (rs1946518). Further
analysis of common subtypes of lymphoma found that the
GG genotype in IL-18 was significantly associated with
the risk of DLBCL and FL. However, no association was
found between the 1L-18 (rs1946518) polymorphism and
the clinical characteristics of B-NHL patients. We also
found no significant difference in the overall survival of
B-NHL patients with IL-18 (rs1946518).

The IL-1B gene is located on the chromosome 2ql4,
and its expression is related to a variety of cancer types.?
The IL-1B gene polymorphisms can be associated with
various malignancies including gastric cancer, lung cancer

and hepatocellular carcinoma, with high expression of IL-
1B related to poor survival in cancers.’®>®

In our study, we found no significant difference in the
distribution of IL-1B (rs16944) polymorphisms between
the B-NHL patients and controls. There was no association
between IL-1f (rs16944) polymorphisms and clinical man-
ifestations of B-NHL patients. We did not find a significant
difference in the overall survival of patients with IL-1
(rs16944).

Caspase-associated recruitment domains (CARD) is a
protein-protein interaction module commonly observed in
proteins involved in apoptosis, NFkB activation, and cyto-
kine regulation. Overexpression of CARDS could induce
apoptosis of transfected cells. CARDS is a signaling mole-
cule involved in both the regulation of caspase-1 and
NF«B activation.'*"?

We found that CARDS (rs2043211) polymorphisms
were significant for the B-NHL patients’ survival. From
our results, the AA genotype of CARDS (1s2043211) led

to statistically poorer B-NHL survival compared to the TT
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genotype of CARDS (rs2043211). There was no associa-
tion between CARDS8 (rs2043211) polymorphisms and
clinical manifestations of B-NHL patients.

The importance of cancer-related inflammation was
emphasized in the recent studies. These studies demon-
strated that growth and progression of tumour depend on
activation of NFkB, which plays the role of a key con-
troller of the innate immune response.””** There are sev-
eral studies of this polymorphism in cancer and other
diseases.>' * These studies found that NFxB-94 ins/del
polymorphism may influence the risk of cancer in Asian
population. The variant allele of NFkB-94 ins/del ATTG
(rs28362491) polymorphism was shown to be associated
with higher risk of sporadic CRC in Malaysian population,
and functional NFkB-94 ins/del ATTG polymorphism is
associated with CSCC.

In our research, we found that NFxB-94 ins/del
(rs28362491) was significantly associated with B-NHL,
and the “ins” allele carriers of NFkB-94 ins/del
(rs28362491) have increased risk for B-NHL. Further ana-
lysis of common subtypes of lymphoma found that NFkB
polymorphism was significantly associated with the sus-
ceptibility to DLBCL, while the “ins/ins’ genotype in
NFkB was significantly associated with the risk of
DLBCL. However, no association was found between the
NF«kB-94 ins/del (rs28362491) polymorphism and the clin-
ical characteristics of B-NHL patients. We also found no
significant difference in the overall survival of B-NHL
patients with NFkB-94 ins/del (rs28362491).

The previous study reported that high levels of serum
lactate dehydrogenase at the time of initial diagnosis and
early stages of progression may be associated with reduced
survival in patients with follicular lymphoma.** Our
research is consistent with this conclusion and showed
that the higher LDH level led to statistically poorer
B-NHL survival.

We used cox regression analysis including pathological
subtype, LDH, IPI, NFkB-94 (ins/del ATTG), IL-18
(rs1946518), IL-1B (rs16944), CARDS (rs2043211). We
found IPI is the independent prognostic factor while
LDH and CARDS (rs2043211) polymorphisms is prognos-
tic factor but not the independent prognostic factor. In
order to find the factors in B-NHL patients, we used cox
regression analysis for multiple factors, such as, patholo-
gical subtype, LDH, IPI, NFkB-94 ins/del ATTG), IL-18
(rs1946518), IL-1P (rs16944), CARDS (rs2043211, all of
which resulted in the conclusion that IPI is the factor for
B-BHL.

Conclusion

Our results suggest that IL-18 (rs1946518) and NF«B-94
ins/del (rs28362491) gene polymorphisms are the factors
that can influence the susceptibility to B-NHL. The inter-
actions of these genes with B-NHL-related clinical char-
acteristics may have a synergetic effect that can further
enhance B-NHL development. CARDS (rs2043211) poly-
morphisms were particularly significant for B-NHL survi-
val. These polymorphisms may be used as prognostic
indicators in patients with B-NHL.
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