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ABSTRACT
The aim of this study was to assess the association between CD14 -159 genotypes and DLBCL characteristics, clinical course and
outcome, respectively. The study included 114 patients with the newly diagnosed DLBCL. All patients received R-CHOP therapy
(6-8 cycles). CD14 -159C→T genotyping was performed by using PCR RFLP. Obtained frequencies of CD14 -159 genotypes were
as follows: 23% of CC, 41% of CT and 36% of TT. Statistically significant association between CD14 genotypes and clinical characteristics (age, sex, disease stage, extranodal sites, bulky disease, IPI, lymphocyte and lymphocyte/monocyte count) was found
only for extranodal disease (p= 0.01). CT/TT carriers more frequently presented extranodal disease (OR 3.191, 95% CI: 1.282-7.94).
In addition, these patients had higher pretreatment values of CRP (p= 0.078). During the therapy, -infections (p= 0.083), and earlytreatment-related complications (p= 0.079) were more commonly present in carriers of CC genotype. In patients with extranodal
DLBCL, TT genotype was associated with superior OS (p= 0.049) and RFS, (p=0.018). Multivariate analysis revealed IPI (HR 2.422,
95% CI 1.114-5.264; p= 0.026) and CD14 TT genotype (HR 0.503, 95% CI: 0.262 – 0.963; p= 0.038) as the most prominent factors for OS. Our study reveals the association of CD14-159 T allele with the presence of extranodal DLBCL and elevated CRP level
at diagnosis. However, during the treatment T allele manifested protective role since patients with CT/TT genotypes less frequently
experienced infections and early-treatment-related complications. In addition, TT genotype was associated with improved survival,
but only in patients with extranodal disease.
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INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL), a heterogeneous group of diseases, constitutes 30-58%
of all non-Hodgkin lymphoma cases.1 In the majority of patients DLBCL is successfully treated with
immunochemotherapy composed of rituximab,
cyclophosphamide, doxorubicin, vincristine and
prednisone (R-CHOP). However, most patients
who failed R-CHOP have no true curative options
and will ultimately die from lymphoma. Thus, there
is a need for more effective front-line and salvage
strategies.2 In the majority of cases, pattern of gene
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expression reflects the stage of lymphoid differentiation and classifies DLBCL as germinal center B
cell (GCB) or activated B cell (ABC) subtype. This
molecular distinction has prognostic implications
(GCB subtype exhibits superior survival following
R-CHOP than ABC subtype) and also reveals oncogenic signaling pathways that could be explored
for novel therapeutic strategies.2-4 However, large
body of evidences clearly indicates that both, intrinsic defects affecting the regulation of cell division and/or apoptosis as well as an altered survival-stimulating tumor environment are significant
factors of pathogenesis and clinical progression.5, 6
doi: 10.4999/uhod.182415
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Thus, molecules included in innate immunity have
been identified as candidates for effects on cancer,
such as CD14 (cluster of differentiation 14).
The CD14 molecule is expressed on the surface
of monocytes, macrophages, neutrophils and dendritic cells as a membrane-anchored form, but also
exist as a soluble protein. It acts as a co-receptor
for the detection of bacterial lipopolysaccharide
(LPS). Soluble CD14 is capable to modulate cellular and humoral immune response by interacting
directly with T and B lymphocytes. Increased levels of soluble CD14 were found in a wide variety
of infectious and inflammatory diseases, but also in
patients with NHL.7
There are several polymorphic sites in the CD14
gene, but CD14 -159C/T (rs2569190) in the promoter region is the most commonly studied. Previous studies demonstrated that the presence of
T allele is associated with higher level of soluble
CD148. The CD14 -159C/T polymorphism may be
implicated in the development of gastric cancer in
H. pylori – infected individuals9,10, gastric MALT
lymphoma11 as well as childhood Hodgkin lymphoma.12
The aim of this study was to assess the association between CD14 -159 genotypes and DLBCL
characteristics, clinical course and outcome, respectively. Since CD14 -159 T allele was associated with extranodal lymphoma, we also analyzed
the impact of CD14 genotypes on outcome in this
group of DLBCL patients.
PATIENTS AND METHODS
Patients
This study was approved by the Ethics committee
of MMA, Belgrade. The study confirms the principles outlined in Helsinki Declaration.
The study included 114 patients (59 men and 55
women), aged 18 to 87 (median 52) with the newly
diagnosed DLBCL13,14 who were diagnosed, treated and followed-up at the Clinic for hematology,
MMA, Belgrade, Serbia. The patients with previous history of malignant disease or HIV-related
DLBCL were not included in this study.
124

Diagnostic procedure included clinical examination, laboratory testing, bone marrow biopsy, chest
radiograph and computer tomography of chest and
abdomen. All patients received R-CHOP therapy
(6-8 cycles). The follow-up period ranged from 2
to 135 (median 60) months.
CD14 genotyping
Blood was collected in EDTA tubes and stored
at -400C. DNA was extracted by a PureLinkTM
Genomic DNA MiniKit (Invitrogen, Carlasbad,
USA) according to the manufacturer’s instructions.
CD14 -159C→T genotyping was performed by
using PCR and restriction enzyme digestion with
Hae III (Fermentas, Vilnius, Lithuania) as previously described.15
Statistical Analysis
The association between genotypes and clinical
characteristics (age, sex, stage of disease, presence of extranodal sites, bulky disease, IPI score,
absolute lymphocyte and absolute lymphocyte/
monocyte count), response to therapy, incidence of
relapse, the presence of infections and early-treatment-related complications (neutropenia grade III/
IV, mucositis, acute renal failure, hart failure) was
analyzed using the Pearson chi-squared test. Cuttof
values for absolute lymphocyte count (1220 lymphocytes/mm3) and absolute lymphocyte count/absolute monocyte count (2870) were determined by
receiver operating curve (ROC) analysis.
The association between genotypes and markers of
inflammation was analyzed by two-tailed t-test.
Relapse free survival (RFS) was calculated as the
time from the start of treatment to relapse. Overallsurvival (OS) was defined as the time from the start
of treatment to death or to date of last follow-up.
Survival curves were generated using the method
of Kaplan and Meier and compared by the logrank
test. The most prominent factors for survival were
determined by Cox proportional hazard regression
(Wald test).
The p value < 0.05 was considered statisticaly significant.
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Table 1. Association between CD14 -159 genotypes and clinical characteristics
Patient/DLBCL characteristics
(n=114)
CD14 CT+TT
		
n (%)

CD14 CC
n (%)

p

Women
55 (48)
10 (18)
45 (82)
Man
59 (52)
16 (27)
43 (73)
<60 years
79 (69)
19 (24)
60 (76)
0.632
≥ 60 years
35 (31)
7 (20)
28 (80)
IPI 0, 1, 2
75 (66)
18 (24)
57 (76)
0.671
IPI 3, 4, 5
39 (34)
8 (21)
31 (79)
Clinical stage I/II
60 (53)
14 (23)
46 (77)
0.888
Clinical stage III/IV
54 (47)
12 (22)
42 (78)
Extranodal disease
80 (70)
13 (16)
67 (84)
0.01
No extranodal disease
34 (30)
13 (38)
21 (62)
Bulky disease
53 (46)
12 (23)
41 (77)
1
No bulky disease
61 (54)
14 (23)
47 (77)
Absolute lymphocyte count				
0.475
<1220/mm3
72 (66)
18 (25)
54 (75)
≥1220/mm3
37 (34)
7 (19)
30 (81)
Abs. lymph/abs. monocyte count					0.386
<2870/mm3
66 (61)
17 (26)
49 (74)
≥2870/mm3
43 (39)
8 (19)
35 (81)

Table 1 presents the association between genotypes
(CC vs CT+TT) and clinical characteristics (age,
sex, stage of disease, presence of extranodal sites,
bulky disease, IPI score, absolute lymphocyte and
absolute lymphocyte/monocyte count).
Obtained frequencies of CD14 -159 genotypes
were as follows: 23% of CC, 41% of CT and 36%
of TT (Hardy-Weinberg equilibrium, p= 0.883).
Statistically significant association between CD14
genotypes and clinical characteristics was found
only for extranodal disease (p= 0.01). Compared to
CC homozygotes, carriers of T allele (CT/TT genotypes) were more likely to have extranodal disease (OR 3.191, 95 % CI: 1.282 – 7.94). The most
common extranodal site was stomach (23/80).
Pretreatment values of C-reactive protein (CRP)
were available for 101 patients. CRP values ranged
2.5 - 122 mg/l (average 24) in patients with CC
genotype (n= 24) and 2.2 - 266 mg/l (average 39.5)
in patients with CT/TT genotype (n= 77). The association between genotypes and CRP values was
of marginal statistical significance (one-tailed ttest p= 0.038; two-tailed t-test p= 0.078). Values
of other inflammatory markers (sedimentation of
erythrocytes and fibrinogen) were not associated
with CD14 genotypes.
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CD14 genotypes and course of DLBCL
Of 114 DLBCL patients, 98 (86%) responded to RCHOP; 69 (61%) achieved complete remission and
29 (25%) had partial response. Disease progression during the therapy was present in 16 (14%)
patients. Overall, 28/98 patients had disease recurrence and 34/114 (30%) died. CD14 genotypes
(CC vs CT+TT) were not associated with response
to therapy, incidence of relapse and outcome.
Infections during the therapy were present in 29
(25%) patients. Infections were more common in
patients with CC than in patients with CT/TT genotypes (39% vs 22%). The association between genotypes and infections was of marginal statistical
significance (p= 0.083). Early-treatment-related
complications [present in 31 (27%) patients] were
observed in 42% of patients with CC and in 24% of
patients with CT/TT genotypes (p= 0.079).
In the group of patients with DLBCL, CD14 -159
genotypes were not associated with the duration of
RFS (p= 0.351) and OS (p= 0.485) (Figure 1). In
this group of patients, OS was affected by IPI score
(p< 0.001), clinical stage (p<0.001), absolute lymphocyte count (p= 0.001) and absolute lymphocyte/
absolute monocyte count (p< 0.001). Multivariate
analysis revealed IPI score (p= 0.006) as the most
prominent factor for OS.
125
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Figure 1. A: Overall survival in DLBCL patients with different CD14 -159 genotypes; B: Relapse free survival in DLBCL patients
with different CD14 -159 genotypes

In the group of patients with extranodal DLBCL,
superior OS was observed in patients with TT genotype (3-year OS of 84%) than in those with CC
(3-year OS of 77%) and CT genotype (3-year OS
of 68%). However, statistical analysis didn’t show
significant association between genotypes and
OS (p= 0.122). When OS was compared between
patients with TT (3-year OS of 84%) and CC/CT
genotypes (3-year OS of 70%), statistical analysis
showed significant association between genotypes
and OS (p= 0.049). Similar pattern was observed
for RFS, (CC vs CT vs TT, p= 0.045; CC/CT vs TT,
p= 0.018). OS of patients with extranodal DLBCL
was also affected with IPI score (p< 0.001), clinical
stage (p= 0.015), the presence of bulky disease (p=
0.032), absolute lymphocyte count (p= 0.01) and
absolute lymphocyte/ absolute monocyte count (p=
0.001). In multivariate analysis IPI [hazard ratio
(HR) 2.422, 95% CI: 1.114-5.264; p=0.026) and
CD14 TT genotype (HR 0.503, 95 % CI 0.2620.963; p= 0.038) were the most prominent factors
for OS in patients with extranodal DLBCL (Table
2). Figure 2 presents the association of CD14 genotypes and survival.
DISCUSSION
CD14 exerts multiple roles in innate immune cells
with a wide range of consequences in physiologic
and pathologic conditions.
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The present study on DLBCL reports the association between CD14 -159 genotypes and the presence of extranodal disease. Extranodal involvement
was more frequent in patients with high-producing
T allele (CT and TT) genotypes. One quarter of our
patients with extranodal disease had gastric DLCBL. The role of CD14 in gastric carcinogenesis
and invasion of gastric cancer cells was previously
demonstrated.16 Meta-analysis performed by Wang
and coworkers suggested that CD14 polymorphism may increase the risk of gastric cancer in
H. pylori-infected individuals9. Considering lymphoma, Türe-Özdemir and coworkers found association between CD14 T allele and development
of gastric MALT lymphoma11. As reported, CD14
together with TLR binds to bacterial (H. pylori or
other) LPS and consequently activates the release
of cytokines which may establish chronic inflammation and contribute to gastric carcinogenesis11.
We can assume that suggested mechanism of carcinogenesis is also applicable for development of
gastric DLBCL. In the review on CD14 role in host
protection against infection, Zanoni and Granucci
outlined that the contribution of CD14 to infection control depends both on the microorganism
and the site of infection.17 To explain the role of
CD14 in the development of extranodal DLBCL,
better understanding of regional influence exerted
by CD14 as well as the functions of CD14 in nonhematopoietic cells is needed.
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Table 2. Multiparametric analysis for the most prominent factors for survival in patients with extranodal DLBCL

Bulky disease
Clinical stage III or IV
IPI 3, 4 or 5
Absolute lymphocyte count >1220 ly/mm3
Abs. lymph/abs. monoc count >2870/mm3
CD14 -159 TT genotype

Hazard ratio

95%CI

pa

1.047
0.947
2.422
0.859
0.609
0.503

0.543 - 2.019
0.405 - 2.217
1.114 - 5.264
0.255 - 2.89
0. 203 - 1.827
0.262 - 0.963

0.89
0.901
0.026
0.806
0.376
0.038

Soluble form of CD14 is detectable in the blood
of healthy individuals. Increased levels of soluble
CD14 seem to be associated with a variety of inflammatory diseases. Baseggio and coworkers reported that NHL patients had significantly higher
concentrations of CD14 in the blood than healthy
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individuals, while patients with aggressive DLBCL
or Burkitt lymphoma had a slightly higher CD14
values than patients with indolent lymphoma. In
addition, soluble CD14 levels were significantly
correlated with CRP and TNF levels, reflecting
the cytokine-mediated inflammation.7 In our study,
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Figure 2. A: Overall survival in patients with extranodal DLBCL in regard to different CD14 -159 genotypes; B: Relapse free survival
in patients with extranodal DLBCL in regard to different CD14 -159 genotypes; C: Overall survival in patients with extranodal DLBCL
in regard to CD14 -159 genotypes (CC/CT vs TT); D: Relapse free survival in patients with extranodal DLBCL in regard to CD14
-159 genotypes (CC/CT vs TT)
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patients with CD14 high-producing T allele (CT/
TT genotypes) had higher CRP values at diagnosis
than patients with CC genotype (marginal statistical significance). Previous reports demonstrated
high CRP levels at diagnosis of DLBCL as an independent poor prognostic factor for clinical outcome.18
The majority of studies reported association between CD14 overexpression and frequent/prolonged infection, indicating a functional correlation of CD14 overexpression with a dysfunctional
innate immune system which may promote tumorigenesis.19,20 Our findings of association between
high-producing CD14 T allele with extranodal
DLBCL and elevated CRP values at diagnosis are
concordant with these reports. However, our patients with CD14 T allele (CT/TT genotypes) less
frequently experienced treatment-related infections as well as early-treatment-related complications, both previously reported as unfavorable
clinical events.21,22
In our group of 114 patients with DLBCL, CD14
-159 genotypes didn’t influence RFS and OS.
However, in the group of patients with extranodal
disease, homozygous carriers of high-producing
T allele (TT genotype) had superior RFS and OS.
Previous reports about the association between
CD14 genotypes/production and survival in cancer patients brought different conclusions. Thus,
overexpression of CD14 on tumor cells was associated with progression of bladder cancer and poor
outcome.23 In the article of Seiffert and coworkers, soluble CD14 has been identified as a novel
survival factor for chronic lymphocytic leukemia
cells.24 However, analyzing the gene expression
in primary tumors at diagnosis from children with
metastatic neuroblastoma, Stigliani and coworkers reported superior event free survival and OS in
patients with high levels of CD14 mRNA, whereas low levels of CD14 mRNA identified patients
with poor survival. The authors suggested that
cells (macrophages and dendritic cells) expressing
CD14 may be responsible for the activation of T
lymphocytes, which in turn limited tumor progression.25 The studies on association between CD14
genotypes and outcome in cancer patients are rare.
Clinical impact of CD14 genotypes is often studied
in critically ill patients, but obtained results were
128

inconsistent. Despite frequent findings of poor
outcome in patients with CD14 -159 TT genotype,
Mansur and coworkers reported improved survival
in those patients.26 Similarly, superior survival in
critically ill patients after burn injury was noticed
in CD14 -159 TT carriers.27
In summary, our study indicates the association of
CD14 -159 T allele and the presence of extranodal
DLBCL and elevated CRP at diagnosis, both previously established as unfavorable clinical parameters. However, during the treatment protective role
of T allele was manifested since patients with CT/
TT genotypes less frequently experienced treatment-related infections as well as early-treatmentrelated complications. In addition, TT genotype
was associated with improved survival, but only in
patients with extranodal disease. Considering this
study as well as previous reports, we can conclude
that overexpression of CD14 (or the presence of
high producing allele/genotype) may lead to different outcomes. The link between CD14 overexpression and chronic inflammation/tumorigenesis was
previously established. However, the role of CD14
overexpression and inflammation in clinical course
of DLBCL remains to be resolved.
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