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Abstract
Objective 

Tissue factor (TF) and Human apolipoprotein H (APOH) seem to be significantly associated with a clinical manifestation 
in systemic lupus erythematosus (SLE) patients with or without APS, mostly because of thrombotic events and coagulation 
processes. Additionally, according to recent studies, these two factors appear to be an important part of immune response 

and inflammation. 

Methods
The objective of this study was to investigate three SNPs of APOH (rs4581, rs8178835 and rs818819) and three of 
TF (rs958587, rs3917615, rs1361600) in SLE patients and healthy subjects using TaqMan genotyping assay and 

their association with inflammatory cytokines level in serum and selected clinical parameters. 

Results
Present study revealed that TF rs3917615 and rs958587 and APOH rs4581 possibly predispose to joint involvement 

in SLE. 

Conclusion
Analysed genetic variants of TF and APOH may have an impact on inflammatory processes and clinical relevance in 

SLE patients in the Caucasian population.
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Introduction
Systemic lupus erythematosus (SLE) is 
a prototypic, autoimmune disease with 
a broad clinical spectrum of almost all 
organ and tissue manifestations, such 
as joints, skin and kidneys to infrequent 
manifestations, e.g. shrinking lung (1), 
transverse myelitis with spastic parapa-
resis (2) or necrotising scleritis (3). The 
aetiology of SLE includes both genetic 
and environmental components with 
female sex strongly influencing patho-
genesis (4). Although the concept of an 
“exposome” where environmental fac-
tors affect healthy but genetically pre-
dispose individuals (5) is fully rational, 
there is still a need to search for specific 
genetic factors which trigger the differ-
ent course of the disease or may have 
an impact on its severity. Constant de-
velopment of personalised medicine is 
required to predict which individuals 
are predisposed to the disease. Thanks 
to large genome-wide association stud-
ies (GWAS), the importance of many 
genes linked with immune response and 
inflammation, DNA repairs, adherence 
of inflammatory cells to the endothe-
lium and tissue response to injury, has 
been confirmed (4). Nevertheless, it 
has to be noted that in many cases each 
ethnic group can be distinguished by its 
unique alleles. In the case of SLE it can 
be reflected by the epidemiological data 
which revealed, e.g. that Hispanics and 
African-Americans are diagnosed with 
SLE at a younger age and with more 
severe forms of the disease than Cau-
casians (4, 6). 
Antiphospholipid antibodies (aPL) are 
found in 12 to 44% of SLE patients 
and 1–10% of healthy subjects (7). An-
tiphospholipid antibodies are incorpo-
rated into SLE classification criteria and 
are an important risk factor for thrombo-
sis. Other risk factors of thrombosis in 
specific for SLE are: high disease activ-
ity, lupus nephritis and glucocorticoster-
oids use. As in healthy population, ciga-
rette smoking, hypertension, older age, 
immobility, previous history of arterial 
thrombosis, the coexistence of other ac-
quired or inherited thrombophilia also 
make patients prone to thrombotic 
events (6, 8). aPL frequency can be 
underestimated in SLE due to transient 
aPL presence. Antiphospholipid syn-

drome (APS) can be diagnosed 30–70% 
aPL-positive patients, who develop any 
thrombosis or pregnancy complication 
during 20 years of observation (9). On 
the other hand, Alarcon-Segovia et al. 
(1992) have proved that 30% of SLE 
patients with anticardiolipin antibodies 
do not experience thrombosis during 7 
years of observation (10). Thrombosis 
risk in Lupus Hopkins Cohort of SLE 
patients with positive lupus anticoagu-
lant (LAC) was 50% higher compared 
to those without LAC in 20 years of ob-
servation (11). According to EuroLupus 
Cohort, thrombosis together with active 
disease and infections is the main cause 
of death of SLE patients within 10 years 
of observation period and its frequency 
arises with time (12).
Factor III or tissue factor (TF) is a 
membrane-bound procoagulant glyco-
protein (MW47-kDa) present in the sub-
endothelial tissue and fibroblasts. TF is 
also circulating on monocytes in smaller 
quantity. Besides direct or functional in-
jury, sepsis or hypoxia also malignancy 
and inflammation may activate TF (13). 
The crystal structure of TF extracellular 
domain is bounding VIIa factor (FVIIa) 
(14, 15). TF is a basic initiator of co-
agulation in vivo. TF /VIIa complex 
activates factors IX and X, what causes 
fibrin and thrombin generation. The ad-
ventitia cells constitutionally express 
TF, which allows to initiate coagula-
tion process straight after vessel injury 
(14). TF is needed to ensure homeosta-
sis, but a pathological expression of this 
cytokine can lead to arterial and venous 
thrombosis as well as disseminated in-
travascular coagulation (16). Under 
physiological conditions TF is constitu-
tively expressed in subendothelial cells, 
but not in endothelial cells and mono-
cytes (17). One of the potent inducers 
of TF expression is TNFα through the 
activation of stress-related JNK kinase 
(c-Jun N-terminal kinase) (18). There is 
a large volume of published studies de-
scribing the role of TNF-α in SLE and 
its potentially useful as a disease activity 
and susceptibility biomarker (19, 20). 
Interestingly, TNFα is both a proinflam-
matory cytokine and an immunoregu-
latory cytokine. On the one hand, TNF 
restrains autoreactive T cell (21) and on 
the other decreases the stimulation of 



589Clinical and Experimental Rheumatology 2021

TF and APOH genetic variants in SLE patients / A. Wajda et al.

immune system by apoptosis-derived 
nucleosome and inhibition of autoan-
tibody production (22). Anti-TNF-α 
therapy in SLE although suppressing 
the local tissue destruction can lead to 
transient formation of anti-dsDNA and 
anticardiolipin antibodies (23).
APOH also is known as β2-glycoprotein 
I (β2GPI) is a soluble blood protein 
involved in multiple processes involv-
ing coagulation and complement (24). 
Additionally, it has been proved that 
β2GPI induce T cell proliferation and 
expression of IFN-γ in T cell clones. 
Benagiano et al. (2019) proposed that 
via IFN-γ, β2GPI /APOH may elicit a 
local inflammation in lupus-antiphos-
pholipid syndrome (25). Interesting-
ly, Laplante et al. (2011) hypothesised 
that β2GPI may be responsible for 
TLR4 activation. In their study, it has 
been proved that both LPS and TLR4 
are required for β2GPI to bind to and 

activate macrophages (26). TLR4 con-
tributes via NF-κB signalling pathway 
in IL-6 and TNF-α production (Fig. 1). 
As a strong genetic component and eth-
nicity factor in the autoinflammatory 
loop in SLE are essential, the present 
study is a part of our broad research on 
SLE (27-33). Based on the literature and 
population allele frequency data in pop-
ulation, we selected single nucleotide 
polymorphisms (SNPs) in the TF and 
APOH genes and investigated whether 
they may be associated with clinical pa-
rameters and outcome of patients with 
SLE in the Caucasian population. We 
decided to combine the analysis of pol-
ymorphisms in APOH and TF genes to 
investigate their interplay in the inflam-
matory changes. rs958587, rs3917615, 
rs1361600 in TF and their strict asso-
ciation with severe sepsis outcome (33) 
are particularly interesting hence the 
high risk of sepsis in SLE patients (47). 

In the case of APOH we present analy-
sis of its promoter (rs818819), selected 
coding variant rs4581 and considering 
the importance of splicing effect – in-
tron variant (rs8178835). 
Moreover, serum level of proinflam-
matory cytokines such as INF-γ, IL-6, 
TNF-α and selected polymorphisms 
have been analysed to understand the 
interplay between thrombosis and in-
flammation. Additionally, hence it is 
known that TGF-β blocks NF-κβ ac-
tivation, is a potent anti-inflammatory 
cytokine and critical in self-tolerance 
mechanisms, the concentration of 
TGF-β was measured both in healthy 
and in SLE patients. 

Material and methods
Subjects description
147 patients diagnosed with SLE in the 
National Institute of Geriatrics, Rheu-
matology and Rehabilitation in War-

Fig. 1. Interaction of APOH and TF based on Laplante (2011) and Benagiano (2019) studies (25, 26). 
APOH protein is abundant in plasma that binds to the surface of cells, activated platelets and particles expressing negatively charged lipids. 
APOH may interact with TLR and with TLR4 ligands (particularly LPS) and activate TLR4. TLR4 activation triggers NF-κB pathway 
and TNF-α and IFN-γ are expressed. TNF-α and IFN-γ induce TF expression. Monocytes express TF after interaction with co-cultured antigen-stimulated 
APOH-specific T-cells.
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saw, Poland and in the University of 
Medical Sciences, Poznan, Poland. All 
patients were diagnosed according to 
2012 SLICC criteria. 569 healthy blood 
donors as a control group were included 
in the genotyping study. Unfortunately, 
this paper cannot provide a comprehen-
sive medical history of all SLE patients 
and comparison between genotypes and 
clinical date was conducted on group 
consisted of about 100 patients. The 
control group was recruited from the 
Regional Center for Blood Donation 
and Blood Treatment in Warsaw and 
do not show any clinical nor laboratory 
characteristic for autoimmune disease. 
The research was approved by the Re-
search Ethics Committee of the Nation-
al Institute of Geriatrics, Rheumatology 
and Rehabilitation. All the participants 
included in our study signed informed 
consent statements. The study was per-
formed in accordance with the 1964 
Helsinki declaration and with the ethi-
cal standards of our Institute. 

DNA extraction and genotyping
DNA was extracted from the peripheral 
blood of SLE patients and healthy sub-
jects using QIAamp DNA Blood Mini 
Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s procedure. 
Three SNPs of APOH gene: rs4581, 
rs8178835 and rs818819, and three 
SNPs of TF gene: rs958587, rs3917615, 
rs1361600 were analysed using the 
TaqMan Genotyping Assays on a Quant 
Studio 5 detection system (Life Tech-
nologies, Carlsbad, CA, USA). The re-
action conditions were as follows: de-
naturation at 95°C for 10 min, followed 
by 40 cycles of denaturation at 92°C 
for 15 s, and annealing and extension at 
60°C for 1 min. 

Cytokine levels in serum
Whole blood collected to the test tubes 
without anticoagulants was centrifuged 
at 1500 ×g for 10 minutes. Obtained 
serum was distributed to the test tubes 
and maintained at -70°C. Randomly 
101 samples of patients with SLE and 
124 healthy subjects were chosen to 
test the serum levels of IFN-γ, IL-6, 
TGF-β and TNF-α. The serum levels 
of these cytokines were assessed using 
Human ELISA Kits from DRG Instru-

ments GmbH (Germany) according to 
the manufacturer’s instructions. The ab-
sorbance (OD) was determined on LT-
4000MS reader (Labtech International 
Ltd, Great Britain). The detection limit 
of human IL-6 was 2 pg/ml; TGF-β 
1.9 pg/ml; IFN-γ was 0.03 IU/ml, and 
TNF-α was 0.7 pg/ml. 

Statistical analysis
Quantitative data are presented as mean 
± standard deviation (SD) or median 
(range) and categorical data as percent-
ages. Data normality was checked with 
the Shapiro-Wilk test. Allele and geno-
type frequencies between cases and 
controls were compared using Fisher’s 

exact test. The odds ratio (OR) and 95% 
confidence interval (95% CI) were cal-
culated. All statistical analyses were 
performed using the software Statistica, 
v. 10.0. p<0.05 was considered as statis-
tically significant. Haplotypes for SNPs 
were tested for Hardy-Weinberg equi-
librium. The presence of linkage dis-
equilibrium (LD) and a coefficient (D´ 
and r2) for TF and APOH haplotypes 
was analysed using the SHEsis software 
http://analysis.bio-x.cn (34). To assess 
the association between the analysed 
SNP haplotypes Fisher test was per-
formed. Normally distributed demo-
graphic and clinical parameters were 
compared using t-student or Cochran 

Table I. Clinical characteristics of patients with SLE.

Characteristics		  SLE patients

	 N*		  mean values ± SD

Age [years]	 100	 44.59	 ±	 14.17 
Disease duration [years]	 63	 10.08	 ±	 10.08 
SELENA_SLEDAI	 63	 6	 ±	 5.82 
SLICC	 63	 1.17	 ±	 1.26
APTT	 49	 35.34	 ±	 16.52 
ESR [mm/h]	 59	 42.80	 ±	 28.86
CRP [mg/L]	 58	 33.79	 ±	 68.92 
Haemoglobin [g/dL]	 59	 11.97	 ±	 2.17
PLT [x103/mm3]	 59	 242.14	 ±	 123.86 
Pt	 48	 16.72	 ±	 17.86 
INR	 48	 1.23	 ±	 0.79
Urea	 51	 41.65	 ±	 38.72 
creatinine	 56	 0.83	 ±	 0.22 
ALT	 60	 50	 ±	 54.36 
AST	 59	 51.25	 ±	 108.82 
Alkaline phosphatase	 46	 74.89	 ±	 44.92 
C3	 55	 76.29	 ±	 29.07 
C4	 54	 14.05	 ±	 13.49 

	 N	 n 	 (%)
anti-dsDNA	 93	  69 	 (74.19)
anti-SSA	 59	 25 	 (42.37)
anti-SSB	 58	 5 	 (8.62)
anti-Sm	 68	 20 	 (29.41)
anti-Rib	 57	 4 	 (7.02)
anti-Jo	 57	 1 	 (1.75)
anti-His	 57	 16 	 (28.07)
anti-Scl70	 78	 21 	 (26.92)
anti-CEN	 58	 2 	 (3.45)
anti-U1RNP	 73	 30 	 (41.09)
anti-IgM aCL	 59	 6 	 (10.17)
anti-IgG aCL	 60	 17 	 (28.33)
β2GPI IgG	 55	 10	 (18.2)
β2GPI IgM	 21	 0 	 (0)
LAC	 59	 16 	 (27.12)

Facial erythema	 63	 35 	 (55.56)
Arthritis	 75	 47 	 (62.67)
Lung fibrosis	 63	 3	 (4.76)
Leucopenia	 63	 23 	 (36.51)
APS	 52	 11 	 (21.15)
Sjögren’s syndrome	 63	 10 	 (15.87)

N: number of patients with clinical information; n: number of patients with positive clinical manifestation.
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Cox test for independent samples, 
whereas those with non-normal distri-
bution were analysed by non-paramet-
ric Mann-Whitney test. The prevalence 
of variables was assessed by the Chi-
square test, the Chi-square test with 
Yates correction, or Fisher’s exact test. 
Differences in SLE or HC in cytokines 
levels among different genotypes were 
tested by Kruskal-Wallis and Dunn’s 
post hoc or ANOVA test and Tukey post 
hoc. Computational functional predic-
tion analysis was conducted by Muta-
tion Taster 2.0 to check the influence 
of the rs4851 on the function of APOH 
protein (35).

Results
Demographic and clinical 
characteristics of SLE patients
The clinical and demographic charac-
teristics of SLE are collected at the time 
blood sampling and the results were 
presented in Table I. The mean dis-
ease duration of our SLE patients was 
10 years. Disease activity assessed by 
SELENA-SLEDAI index was 6 points 
(lowest – 0, highest 26), while damage 
index assessed by the SLICC index was 
1.17 points (lowest – 0, highest 5). The 
major clinical features observed in our 
SLE patients were arthritis (62.7%) and 
facial erythema (55.6%). Anti-dsDNAs 
were present in 74% of patients. In our 
analysed group, only 11 patients suf-
fered from APS. Unfortunately, not in 
every patients full antibodies profile 
was conducted. 28% patients were anti-
IgG aCL positive and 18% β2GPI IgG 
positive. In our available data, there 
were no β2GPI IgM positive patients. 
95% of analysed patients were treated 
with steroids, 70% received chloro-
quine and 32 hydroxchloroquine. 23% 
receive cyclophamide, only 1 patient 
received belimumab, azathioprine – 
41% and mycophenolate 5%. 

Distribution of TF and 
APOH gene polymorphisms in 
SLE patients and healthy subjects
Three SNPs of APOH  rs4581, 
rs8178835 and rs818819 and three of TF 
- rs958587, rs3917615, rs1361600 were 
analysed in SLE patients and healthy 
subjects.
To detect whether there was an asso-

ciation between TF and APOH gene 
polymorphisms and risk of SLE, four 
genetic models, codominant, dominant, 
recessive and overdominant, were used. 
Genotype frequencies for the all ana-
lysed SNPs were in Hardy-Weinberg 
equilibrium (HWE). The distributions 
of the APOH rs4581, rs8178835 and 
rs818819, and TF rs958587, rs3917615, 
rs1361600 genotypes among patients 
with SLE and controls, are summarised 
in Table II.
The analysis of the APOH rs8178819 
showed significant differences in the 
case-control distribution in three genet-
ic models. Under the codominant mod-
el, the frequency of the CT genotype 
was significantly lower in patients with 
SLE than in controls (OR: 0.338; 95% 
CI=0.178–0.603; p<0.0001). Similarly, 
under the dominant model (CT+TT vs. 
CC) as well as under the overdominant 
model (CC+TT vs. CT) the association 
was also significant (OR: 0.309; 95% 
CI=0.163–0.550; p<0.0001 and OR: 
0.348; 95% CI=0.184–0.621; p=0.0001, 
respectively). Our analysis also re-
vealed that APOH rs8178819 T allele 
was more frequent in healthy subjects 
compared to SLE patients (p<0.0001). 
Moreover, in our SLE patients, the 
APOH rs8178819 TT genotype was 
not observed. For the other APOH ge-
netic variants in position rs4581 and 
rs8178835, we found no differences in 
genotype/allele distribution between 
SLE patients and controls.
Concerning TF rs958587, rs3917615 
and rs1361600 genetic variants there 
were no significant differences in the 
genotype/allele frequencies between 
SLE patients and healthy subjects 
(p>0.05, Table II).

Association of APOH gene 
polymorphisms with the clinical 
phenotype of SLE patients
We conducted a stratified analysis of 
combined genotypes under different ge-
netic models, dominant and recessive, 
for APOH gene polymorphisms at posi-
tion rs4581, rs8178835 and rs818819. 
Our analysis showed that APOH 
rs818819 CC genotype was associated 
with higher ESR levels and lower hae-
moglobin levels in SLE patients un-
der the dominant model (p=0.038 and 

p=0.007, respectively, Table III). Joint 
inflammation/arthritis was observed 
only in SLE patients with APOH rs4581 
C allele (p=0.003). In SLE patients with 
APOH rs4581 AA genotype, we did not 
observe arthritis presence. Addition-
ally, an association between APOH 
rs8178835 A allele and arthritis pres-
ence in our SLE patients (p=0.0028) 
has been revealed. In contrast, in SLE 
patients with APOH rs8178835 GG 
genotype association with arthritis was 
not observed. 

Association of TF gene 
polymorphisms with the clinical 
phenotype of SLE patients
Next, we investigated whether TF ge-
netic variants may have an impact on 
SLE activity/phenotype. We analysed 
the potential association between all 
examined polymorphisms, in two ge-
netic models: dominant and recessive, 
and SLE phenotype according to clini-
cal and laboratory parameters of SLE. 
The genotype-phenotype analysis re-
vealed a significantly longer time of 
disease duration in SLE patients with 
TF rs958587 C allele than in SLE pa-
tients with rs958587 TT genotype 
(Table IV and V). Our data showed 
that joint inflammation/arthritis was 
more frequently observed in SLE pa-
tients with TF rs958587 T allele than 
in SLE patients with rs958587 C allele 
(p=0.002, Table IV and Table V). We 
also observed the association of the TF 
rs958587 CC genotype with Sjögren’s 
syndrome presence (p=0.02) and ery-
thema presence (p=0.03) under reces-
sive model (CC vs. TC+TT, Table V). 
Our analysis also demonstrated that 
SLE patients with TF rs1361600 TT 
genotype were characterised by a 
longer time of disease duration com-
pare to SLE patients with combined 
TF rs1361600 TC+CC genotype un-
der recessive model (13.5 (1–43) vs. 
3 (0–30), p=0.003, Table V). Results 
also showed that SLE patients with TF 
rs1361600 CC genotype revealed sig-
nificantly higher haemoglobin levels as 
well as lower ESR levels (average level 
16.5mm/h) than SLE patients with TF 
rs1361600 CT+TT genotype (haemo-
globin level: 13±1.32 vs. 11.62±2.36, 
p=0.009 and ESR level: 16.5 vs. 51, 
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Table II. Genotype and allele frequencies of APOH and TF SNPs in SLE and healthy control group. 

APOH rs8178819		  SLE n (%)	 Controls n (%)	 OR (95% CI)	 p-value
	
	 genotype				  
Codominant	 CC	 132 	(89.8)	 416 	(73.11)	 References	
	 CT	 15 	(10.2)	 140 	(24.6)	 0.338 (0.178 – 0.603)	 <0.0001
	 TT	 0 	(0)	 13 	(2.28)	 0.000 (0.000 – 1.052)	 0.059
Dominant	 CC	 132 	(89.8)	 416 	(73.11)	 References	
	 CT+TT	 15 	(10.2)	 153 	(26.89)	 0.309 (0.163 – 0.550)	 <0.0001
Recessive	 CC+CT	 147 	(100)	 556 	(97.72)	 References	
	 TT	 0 	(0)	 13 	(2.28)	 0.000 (0.000 – 1.259)	 0.098
Overdominant	 CC+TT	 132 	(89.8)	 429 	(75.4)	 References	
	 CT	 15 	(10.2)	 140 	(24.6)	 0.348 (0.184 – 0.621)	 0.0001
	 Alleles				  
	 C	 279 	(94.9)	 972 	(85.41)	 References	
	 T	 15 	(5.1)	 166 	(14.59)	 0.315 (0.169 – 0.546)	 <0.0001

APOH rs4581		  SLE n (%)	 Controls n (%)**	 OR (95% CI)	 p-value
	 genotype				  
Codominant	 AA	 8 	(6.25)	 23 	(4.05)	 References	
	 AC	 49 	(38.28)	 178 	(31.34)	 0.791 (0.317 – 2.179)	 0.742
	 CC	 71 	(55.47)	 367 	(64.61)	 0.556 (0.229 – 1.500)	 0.261
Dominant	 AA	 8 	(6.25)	 23 	(4.05)	 References	
	 AC+CC	 120 	(93.75)	 545 	(95.95)	 0.633 (0.266 – 1.679)	 0.386
Recessive	 AA+AC	 57 	(44.53)	 201 	(35.39)	 References	
	 CC	 71 	(55.47)	 367 	(64.61)	 0.682 (0.455 – 1.028)	 0.068
Overdominant	 AA+CC	 79 	(61.72)	 390 	(68.66)	 References	
	 AC	 49 	(38.28)	 178 	(31.34)	 1.359 (0.891 – 2.057)	 0.161
	 Alleles				  
	 A	 65 	(25.39)	 224 	(19.72)	 References	
	 C	 191 	(74.61)	 912 	(80.28)	 0,722 (0.521 – 1.008)	 0.056

APOH rs8178835		  SLE n (%)	 Controls n (%)**	 OR (95% CI)	 p-value
	 genotype				  
Codominant	 AA	 88 	(59.06)	 364 	(64.08)	 References	
	 AG	 54 	(36.24)	 180 	(31.69)	 1.241 (0.828 – 1.848)	 0.314
	 GG	 7 	(4.7)	 24 	(4.23)	 1.206 (0.425 – 3.004)	 0.820
Dominant	 AA	 88 	(59.06)	 364 	(64.08)	 References	
	 AG+GG	 61 	(40.94)	 204 	(35.92)	 1.237 (0.839 – 1.816)	 0.301
Recessive	 AA+AG	 142 	(95.3)	 544 	(95.77)	 References	
	 GG	 7 	(4.7)	 24 	(4.23)	 1.117 (0.398 – 2.742)	 0.946
Overdominant	 AA+GG	 95 	(63.76)	 388 	(68.31)	 References	
	 AG	 54 	(36.24)	 180 	(31.69)	 1.225 (0.822 – 1.815)	 0.339
	 Alleles				  
	 A	 230 	(77.18)	 908 	(79.93)	 References	
	 G	 68 	(22.82)	 228 	(20.07)	 1.177 (0.852 – 1.613)	 0.335

TF rs958587		  SLE n (%)	 Controls n (%)*	 OR (95% CI)	 p-value
	 genotype				  
Codominant	 TT	 28 	(18.79)	 112 	(20.11)	 References	
	 TC	 72 	(48.32)	 288 	(51.70)	 1.000 (0.601 – 1.663)	 1.000
	 CC	 49 	(32.89)	 157 	(28.19)	 1.248 (0.719 – 2.196)	 0.486
Dominant	 TT	 28 	(18.79)	 112 	(20.11)	 References	
	 TC+CC	 121 	(81.21)	 445 	(79.89)	 1.088 (0.676 – 1.793)	 0.819
Recessive	 TT+TC	 100 	(67.11)	 400 	(71.81)	 References	
	 CC	 49 	(32.89)	 157 	(28.19)	 1.248 (0.827 – 1.868)	 0.308
Overdominant	 CC+TT	 77 	(51.68)	 269 	(48.30)	 References	
	 TC	 72 	(48.32)	 288 	(51.70)	 0.873 (0.598 – 1.275)	 0.521
	 Alleles				  
	 T	 128 	(42.95)	 512 	(45.96)	 References	
	 C	 170 	(57.05)	 602 	(54.04)	 1.130 (0.866 – 1.475)	 0.389

TF rs3917615		  SLE n (%)	 Controls n (%)**	 OR (95% CI)	 p-value
	 genotype				  
Codominant	 TT	 25 	(16.78)	 96 	(16.93)	 References	
	 TC	 69 	(46.31)	 300 	(52.91)	 0.883 (0.518 – 1.542)	 0.723
	 CC	 55 	(36.91)	 171 	(30.16)	 1.235 (0.704 – 2.207)	 0.525
Dominant	 TT	 25 	(16.78)	 96 	(16.93)	 References	
	 TC+CC	 124 	(83.22)	 471 	(83.07)	 1.011 (0.614 – 1.712)	 1.000
Recessive	 TT+TC	 94 	(63.09)	 396 	(69.84)	 References	
	 CC	 55 	(36.91)	 171 	(30.16)	 1.355 (0.909 – 2.007)	 0.141
Overdominant	 CC+TT	 80 	(53.69)	 267 	(47.09)	 References	
	 TC	 69 	(46.31)	 300 	(52.91)	 0.768 (0.526 – 1.120)	 0.179
	 Alleles				  
	 T	 119 	(39.93)	 492 	(43.39)	 References	
	 C	 179 	(60.07)	 642 	(56.61)	 1.153 (0.882 – 1.509)	 0.314

TF rs1361600		  SLE n (%)	 Controls n (%)**	 OR (95% CI)	 p-value
	 genotype				  
Codominant	 CC	 28 	(18.79)	 117 	(20.53)	 References	
	 CT	 71 	(47.65)	 294 	(51.58)	 1.009 (0.607 – 1.710)	 1.000
	 TT	 50 	(33.56)	 159 	(27.89)	 1.314 (0.759 – 2.304)	 0.369
Dominant	 CC	 28 	(18.79)	 117 	(20.53)	 References	
	 CT+TT	 121 	(81.21)	 453 	(79.47)	 1.116 (0.695 – 1.836)	 0.732
Recessive	 CC+CT	 99 	(66.44)	 411 	(72.11)	 References	
	 TT	 50 	(33.56)	 159 	(27.89)	 1.306 (0.867 – 1.949)	 0.211
Overdominant	 CC+TT	 78 	(52.35)	 276 	(48.42)	 References	
	 CT	 71 	(47.65)	 294 	(51.58)	 0.855 (0.586 – 1.246)	 0.446
	 Alleles				  
	 C	 127 	(42.62)	 528 	(46.32)	 References	
	 T	 171 	(57.38)	 612 	(53.68)	 1.162 (0.891 – 1.517)	 0.282
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p=0,01; Table IV). Moreover, we also 
observed that TF rs1361600 C allele 
has shown an association with arthri-
tis presence (p=0.002), Sjögren’s syn-
drome presence (p=0.02) and erythema 
presence (p=0.02) under the recessive 
model (Table V). 
The analysis of disease activity and 
laboratory parameters in relation to TF 
rs3917615 gene SNP have shown asso-
ciation this genetic variant with a time 
of disease duration, arthritis presence, 
Sjögren syndrome presence and erythe-
ma presence. We observed that SLE pa-
tients with TF rs3917615 CC genotype 
had a longer time of disease duration 
comparing to SLE patients with com-
bined TF rs3917615 TC+TT genotype 

(15 years vs. 3 years, p=0.002, Table 
V). Arthritis and erythema were ob-
served more frequently in SLE patients 
with combined TF rs3917615 TC+TT 
than in SLE patients with TF rs3917615 
CC genotype (p=0.001 and p=0.05, re-
spectively). In contrast, the Sjögren 
syndrome was more frequently present 
in SLE patients with TF rs3917615 CC 
than in SLE patients with combined TF 
rs3917615 TC+TT genotype (p=0.03). 

APOH and TF haplotypes 
and risk of SLE
APOH and TF haplotypes were as-
sessed for patients with SLE and 
healthy subjects. Haplotypes with fre-
quency <0.03 are ignored. Very strong 

linkage disequilibrium (LD) and r2 has 
been observed between APOH rs4581 
and rs8178835 (D’=1.0 r2=0.99) but 
not between rs8178835 and rs8178819 
or rs4581 and rs8178819 (Fig. 2A). The 
most frequent haplotype observed in 
both groups was CAC (p=0.11). Hap-
lotype AGC revealed the significantly 
higher risk for SLE (OR 3.46, 95% CI 
2.386-5.03) whereas AGT significantly 
reduced risk for SLE (Fig. 2C). 
High LD has been observed between 
three of analysed SNPs in TF. The 
highest r2 (0.91) was noted between 
rs958587 and rs1361600 (Fig. 2B). 
However, CCT and TTC in TF did not 
show significant difference (p=0.55 and 
p=0.053, respectively) (Fig. 2C).

Table III. The disease activity and laboratory parameters in relations to APOH polymorphisms. 

APOH rs4581 	 Median (range) 	 p	 APOH rs8178835	 Median (range)	 p	 APOH rs8178819 	 Median (range)	 p
								      
ESR [mm/h]
AA	 53 	 (49 - 86)	 0.268	 AA	 35.5 	(7 - 114)	 0.215	 CC	 49 	(5 - 114)	 0.038
AC+CC	 42 	5 - 114)	  	 AG+GG	 52 	(5 - 114)	  	 CT+TT	 16 	(11 - 38)	  

Haemoglobin [g/dL]
AA	 11.4 	 (8.9 - 13.9)	 0.472	 AA	 12.5 	(4.9 - 16)	 0.330	 CC	 12.2 	(4.9 - 16)	 0.007
AC+CC	 12.7 	 (4.9 - 15.3)	 	  AG+GG	 11.5 	(8.9 - 14.8)	 	  CT+TT	 14.2 	(12.8 - 15.4)	 

Arthritis
 	  positive clinical	 p	  	  positive clinical	 p		   positive clinical	 p
 	 manifestation n(%)	    		   manifestation n(%)	    		  manifestation n(%)	   

AA	 0	 (0)	 0.003b	 AA	 22 	(57.89)	 0.827a	 CC	 31 	(59.61)	 0.116a

AC+CC	 28 	 (73.68)	 	  AG+GG	 12 	(57.14)	 	  CT+TT	 1 	(16.66)	 

CC	 18 	 (72)	 0.719a	 GG	 0 	(0)	 0.028b	 TT	 -		  -
AC+AA	 3 	 (16.66)		  AG+AA	 34 	(61.81)	 	 CT+CC	 32 	(55.1)	

Mann Whitney; a: chi-squared with Yates correction; b: Fisher’s exact test; c: student t-test, d: Cochran-Cox test.

Table IV. The disease activity and laboratory parameters in relations to TF polymorphisms in a dominant model.

TF rs958587	 Median (range) 	 p	 TF rs3917615	 Median (range)	 p	 TF rs1361600	 Median (range)	 p
	 							     
Disease duration [years]
TT	 1	 (0-23)	 0.001	 TT	 9.5 	(1 - 22)	 0.004	 CC	 1 	(0 - 30)	 0.020
TC+CC	 10	 (1-43)	 	  TC+CC	 10 	(1 - 43)	 	  CT+TT	 10 	(1 - 43)	 

ESR [mm/h]
TT	 33 	(5 – 104)	 0.165	 TT	 21 	(18 - 26)	 0.306	 CC	 16.5 	(5 - 104)	 0.014
TC+CC	 50 	(7 – 114)	 	  TC+CC	 49 	(7 - 114)	 	  CT+TT	 51 	(9 - 114)	 

Haemoglobin [g/dL]
TT	 13.3	 (9.2 –14.8)	 0.2819	 TT	 12.25	 (10 - 13.3)	 0.292	 CC	 13 	± 	1.32	 0.009c
TC+CC	 12.2 	(4.9 – 16)	 	  TC+CC	 12.2 	(4.9 - 16)	 	  CT+TT	 11.62 	± 	2.36	 

Arthritis
TF rs958587	 positive clinical 	 p	 TF rs3917615	 positive clinical	 p	 TF rs1361600	 positive clinical	 p
	 manifestation n (%)			   manifestation n (%)			   manifestation n (%)	

TT	 14 	(50)	 0.002	 TT	 13 	(92.86)	 0.004a	 CC	 12 	(85.71)	 0.023a 
TC+CC	 19	 (15.7)	  	 TC+CC	 20 	(44.44)	 	  CT+TT	 21	 (46.67)	 

Mann Whitney; a: chi-squared with Yates correction; b: Fisher’s exact test; c: Cochran-Cox test.
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Impact of TF gene polymorphisms 
on serum TGF-β, IL-6, IFN-γ 
and TNF-α concentrations
Concentration of selected cytokines 
in serum in SLE patients and their as-
sociation with clinical parameters are 
shown in Table VI.
Next, we investigated whether TF ge-
netic variants may have an impact on 
TGF-β, IL-6, IFN-γ and TNF-α levels 
in serum (Table VII). 
A significantly higher concentration of 
TGF-β was detected in serum of SLE 
patients with all analysed TF gene pol-
ymorphisms in comparison to healthy 
subjects (Table VII). In the comparison 
between three different genotypes of 
SLE or control, no significant differenc-
es were observed. However, in the case 
of TF rs3917615 TT and rs1361600 CC 
genotypes average concentration in se-
rum of the healthy subject was around 
490pg/ml whereas in the other geno-
types were around 560-590 pg/ml.
Patients with TF SNPs such as 
rs958587 and rs1361600 were char-
acterised by significantly higher level 
of IFN-γ in serum in comparison to 
healthy subjects (Table VII). In the case 
of TF rs3917615 TC difference was not 
statistically significant. Moreover, SLE 
patients with longer than or equal to 10 
years of disease duration revealed sig-
nificantly lower average IFN-γ concen-

tration in serum in comparison with pa-
tients with less than 10 years of disease 
duration (Table VI).
It has been found that SLE carriers of 
anti-Sm positive revealed significantly 
higher level of IL-6 in serum as com-
pared with anti-Sm negative SLE pa-
tients (average level 61.85 and 39.54, 
respectively; p=0,048) (Table VI).
Excluding TF rs3917615TT, 
rs1361600CC, in all analysed TF poly-
morphisms, higher concentration of 
IL-6 in serum was noted in SLE patient 
as compared to healthy subjects (Table 
VII). SLE patients, TF rs958587CC 
carriers were characterised by almost 
two-times higher IL-6 average level in 
serum than TT carriers (63 and 32 pg/
ml, respectively). Interestingly in both 
in SLE patients and healthy subject 
with TF rs3917615 TT or TF rs1361600 
CC genotype concentration of IL-6 in 
serum was at a similar level. In other 
cases, IL-6 concentration in serum was 
higher in SLE patients. Regardless of 
the genotype in the TF gene, in healthy 
subjects, IL-6 concentration was at a 
similar level. 
Almost two-times higher TNF-α con-
centration in serum was observed in 
SLE patients with Systemic Lupus Ery-
thematosus Disease Activity Index (SE-
LENA-SLEDAI) score of greater than 
or equal to 6 (p=0,008) than in patients 

with SELENA-SLEDAI score lower 
than 6 (Table VI). SLE patients with 
TF rs958587 and rs3917615 polymor-
phism, in all examined genotypes, were 
characterised by higher TNF-α concen-
tration than HC, although in the case of 
TF rs958587 TT the difference was not 
statistically significant. In SLE patients 
and healthy subjects with TF rs1361600 
CC genotype, the serum level of TNF-α 
was similar. 

Impact of APOH gene polymorphisms 
on serum TGF-β, IL-6, IFN-γ and 
TNF-α concentrations
The last step of our analysis was to es-
tablish the impact of APOH genetic var-
iants on TGF-β, IL-6, IFN-γ and TNF-α 
serum level in SLE patients and healthy 
subjects. We observed that in the se-
rum of SLE patients with all analysed 
APOH gene polymorphisms TGF-β 
concentration was higher in comparison 
to healthy control. However, in the case 
of APOH rs4581 AA and rs8178835 GG 
genotypes difference was not statisti-
cally significant. In the case of APOH 
rs8178819 TT genotype, TGF-β con-
centration could not be compared, be-
cause of no subjects with this genotype. 
Generally, in all analysed SNPs of 
APOH IFN-γ level was higher in SLE 
patients than in healthy control. In the 
case of rs4581AA and rs8178835GG 

Table V. The disease activity and laboratory parameters in relations to TF polymorphisms in a recessive model.

TF rs958587	 Median (range) 	 p	 TF rs3917615	 Median (range)	 p	 TF rs1361600	 Median (range)	 p
								      
Age [years]
CC	 46 	(25 - 76)	 0.021	 CC	 43 	(25 - 76)	 0.043	 TT	 41.5 	(25 - 76)	 0.081
TC+TT	 35 	(21 - 59)	 	  TC+TT	 35 	(21 - 59)	 	  CT+CC	 35 	(21 - 72)	 

Disease duration [years]
CC	 15.5	 (1 - 43)	 0.001	 CC	 15 	(1 - 43)	 0.002	 TT	 13.5 	(1 - 43)	 0.003
TC+TT	 3 	(0 - 30)	 	  TC+TT	 3 	(0 - 30)	 	  CT+CC	 3 	(0 - 30)	 

TF rs958587	 positive clinical	 p	 TF rs3917615	 positive clinical 	 p	 TF rs1361600	 positive clinical	 p
	 manifestation n(%)			   manifestation n(%)			   manifestation n(%)	
Facial erythema
CC	 6	 (30)	 0.027a	 CC	 7 	(33.33)	 0.054a	 TT	 6 	(30)	 0.027a

TC+TT	 25 	(64.1)	 	  TC+TT	 24 	(63.15)	 	  CT+CC	 25 	(64.1)	 

Arthritis
CC	 5 	(25)	 0.002a	 CC	 5 	(23.8)	 0.001a	 TT	 5 	(25)	 0.002a

TC+TT	 28 	(71.79)	 	  TC+TT	 28 	(73.68)	 	  CT+CC	 28 	(71.79)	  

Sjögren’s syndrome
CC	 7 	(35)	 0.023a	 CC	 7 	(33.33)	 0.033a	 TT	 7 	(35)	 0.023a

TC+TT	 3 	(7.69)	 	  TC+TT	 3 	(7.89)	 	  CT+CC	 3 	(7.69)	 

Mann Whitney; a: chi-squared with Yates correction; b: student t-test; c: Cochran-Cox test.
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IFN-γ concentration was below quanti-
fication or was absent in the serum. 
In the case of rs8178819 IFN-γ concen-
tration could be compared only in CC 
genotype.
In the case of SNPs APOH, a higher 
concentration of TNF-α in serum was 
observed in SLE patients at the level 
30–38 pg/ml whereas concentration 
was in the average range from 6 to 16 
in healthy subjects (Table VIII). We 
could not analyse TNF-α concentration 
in rs8178819TT carriers.

Discussion
The risk of developing a thrombotic 

event is higher in SLE patients than 
in the general population. Moreover, 
the susceptibility to thrombosis may 
further increase when associated with 
other risk factors, or in the presence of 
inherited or acquired thrombophilia. 
Although thrombotic events are not in-
cluded in the SLE classification criteria, 
they have been studied in patients with 
risk factors both from a pathophysi-
ological and a clinical point of view 
to define the therapeutic strategies of 
prophylaxis and treatment. It seems to 
be a reasonable approach due to rela-
tively frequent thrombotic incidents in 
SLE patients and serious complication 

of the natural history of the disease 
(6). Therefore, the objective of this 
study was to investigate whether se-
lected SNPs in two genes taking part in 
thrombosis and coagulation processes, 
the tissue factor (TF) and Human apoli-
poprotein H (APOH), were associated 
with other clinical parameters and out-
come for patients with SLE in the Pol-
ish population. 
Up to date, about 151 SNPs of APOH 
and several of TFs were discovered. 
The literature shows that APOH and 
TF are involved in inflammatory path-
ways (13, 15, 36-40) . The connection 
between inflammation, coagulation 
and thrombosis processes is still under 
delineating, and novel insight has also 
an impact on other, more specific and 
safer therapeutic strategies (14, 41). A 
strong association between TF poly-
morphisms (rs1361600, rs3917615 and 
rs958587) and severe sepsis has been 
reported (16, 42). However, reports on 
the impact of APOH on SLE course are 
contradictory. 
The aetiology of inflammation in SLE 
is undoubtedly associated with genetic 
abnormalities (1). APOH and TF seem 
to be good candidates for genetic mark-
ers implicated in the clinical state not 
only because of the thromboembolic in-
cidents but also because of the potential 
of other clinical disease activities. Much 
of the current literature on inflamma-
tion and autoimmunological disorders 
pays attention to the role of Toll-Like 
Receptors (TLRs) in them. APOH and 
as well as TF revealed cross-talks with 
TLRs, which makes them even more at-
tractive target for further research. 
Despite many substantive premises on 
the importance of APOH in the patho-
genesis of SLE, it seems that polymor-
phism rs4581 (Val266Leu) in this gene 
is not associated with increased risk of 
developing SLE. However, it may have 
an impact on the clinical features of the 
disease. The result of the current study 
conducted on Caucasian population is 
in agreement with the findings of Kam-
boh et al. (1999) (43, 44). Nevertheless, 
studies on Chinese population revealed 
that the Val allele may be one of the ge-
netic risk factors for the development 
of thrombosis in patients with SLE (25, 
36). Recently, Shishkova et al. (2019) 

Fig. 2. Linkage disequilibrium (LD) between genetic variants based on D’ (left) and R2 (right) scores 
of APOH (A) and TF (B) between SLE and healthy subjects. 
C) Haplotype analysis results among chosen loci rs4581, rs8178835, rs8178819 in APOH and rs95858, 
rs391761, rs1361600 in TF. 
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did not reveal an association of APOH 
(rs4581) with first ischaemic stroke in 
the Russian population, which may be 
interesting in the aspect of our studies 
because of common ethnicity studied 

groups (47). Rs4581 is localised in the 
exon 7 of APOH gene, which encodes 
domain V of mature protein (48). Do-
main V contains the major phospho-
lipid binding site (49) and it may have a 

role in the elimination of apoptotic cells 
from circulation (50). Mutation Taster 
analysis revealed that change valine 
by leucine in APOH rs4851 may affect 
protein features by losing region in the 

Table VI. Concentration of TGF-β, IFN-γ, TNF-α and IL-6 in serum and the selected clinical parameters (SLE).

Parameter	 TGF-β (pg/ml)	 TGF-β (pg/ml)	 p

	 parameter group I	 N	 median (IQR)a	 parameter group II	 N	 median (IQR)a

			   mean ± SDb			   mean ± SDb	

Age	 age ≥56	 9	 697.865 ± 152.748	 age <56	 44	 749.418 ± 143.99	 0.337b

			   705.806 (171.028)			   790.834 (211.908)	

sex	 women	 50	 738.772 ± 147.709	 Men	 3	 772.187 ± 113.531	 0.703b

			   755.595 (223.591)			   806.575 (219.111)	

SELENA-SLEDAI	 ≥6	 23	 749.943 ± 147.708	 <6	 30	 733.549 ± 145.570	 0.688b

			   766.835 (211.730)			   767.249 (210.163)	

disease duration	 ≥10	 24	 756.125 ± 147.306	 < 10	 29	 727.867 ± 144.97	 0.486b 
			   799.05 (180.953)	  		  737.01 (196.985)	

CRP 	 ≥13	 19	 769.533 ± 117.392	 <13	 29	 748.478 ± 146.066	 0.601b 
			   769.429 (164.658)	  		  791.525 (244.617)	

Parameter	 IFN-γ (IU/ml)	 IFN-γ (IU/ml)	 p

	 parameter group I	 N	 median (IQR)a	 parameter group II	 N	 median (IQR)a

			   mean ± SDb			   mean ± SDb	

Age	 age ≥56	 3	 0.366 (2.001)	 age <56	 11	 0.697 (1.044)	 0.678a

sex	 women	 14	 0.748 ± 0.629	 Men	 0	 - 
			   0.668 (1.045)		

SELENA_SLEDAI	 ≥6	 8	 0.643 ± 0.596	 <6	 6	 0.887 ± 0.701	 0.494b

 			   0.619 (1.069)			   0.907 (0.778)	

disease duration	 ≥10	 7	 0.399 ± 0.43 	 <10	 7	 1.096 ± 0.624	 0.031b

			   0.366 (0.697)			   1.132 (0.993)	

CRP 	 ≥13	 5	 0.886 ± 0.743	 <13	 7	 0.772 ± 0.614	 0.776b 
			   0.697 (0.533)	  		  1.094 (1.056)	

Parameter	 TNF-α (pg/ml)	 TNF-α (pg/ml)	 p

	 parameter group I	 N	 median (IQR)	 parameter group II	 N	 median (IQR)	

Age	 age ≥56	 10	 38.357 (26.58)	 age <56	 53	 33.399 (52.754)	 0.903a

sex	 women	 59	 36.872 (52,938)	 Men	 4	 34.694 (9.764)	 0.855a

SELENA-SLEDAI	 ≥6	 28	 42.133 (74.537)	 <6	 35	 28.832 (24.478)	 0.008a

disease duration	 ≥10	 28	 31.237 (33.904)	 <10	 35	 37.045 (55.14)	 0.557a

CRP 	 ≥13	 24	 36.781 (42.872)	 <13	 34	 32.12 (46.795)	 0.881a

Parameter	 IL-6 (pg/ml)		 IL-6 (pg/ml)	 p

	 parameter group I	 N	 median (IQR)	 parameter group II	 N	 median (IQR)	

Age	 age ≥56	 8	 40.33 (43.195)	 age <56	 47	 48.02 (38.889)	 0.215a

sex	 women	 51	 45.219 (45.321)	 Men	 4	 46.698 (25.201)	 0.502a

SELENA-SLEDAI	 ≥6	 25	 42.184 (38.117)	 <6	 30	 46.058 (43.22)	 0.872a

disease duration	 ≥10	 27	 57.272 (47.884)	 <10	 28	 38.288 (35.78)	 0.210a

CRP 	 ≥13	 20	 40.145 (74.184)	 <13	 30	 45.396 (36.417)	 0.469a

anti-dsDNA	 positive	 32	 38.374 (43.823)	 Negative	 22	 53.078 (37.468)	 0.705a

anti-SSA	 positive	 24	 47.843 (36.809)	 Negative	 28	 44.556 (54.647)	 0.776a

anti-SSB	 positive	 5	 32.047 (12.464)	 Negative	 46	 47.459 (47.079)	 0.289a

anti-Sm	 positive	 10	 61.854 (33.104)	 Negative	 41	 39.536 (38.086)	 0.048a

a: Mann-Whitney test; b: student t-test.
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sushi-like domain. The sushi domain is 
also known as the complement control 
protein (CCP) module and is involved 
in many recognition processes like the 
binding of several complement factors 
to complement fragments C3b and C4b 
(51). According to Manderson et al. 
(2004) abnormal activation of comple-
ment pathway is associated with a high 
risk (>80%) of developing SLE (52). 
Additionally, in APS patients rs4581 al-
lele C (variant Val) is associated with 
increased risk of disease development 
and in the present study, we notice that 
this allele may affect the clinical course 
of SLE. In the present study, we ob-
served that carriers of C allele but not 
A allele carrier, are characterised with 
significantly higher serum concentra-
tion of analysed cytokines. 
Significance of the genetic variants in 
APOH promoters has been described 
by Suresh et al. (2009). The authors 
revealed that APOH rs8178819 genetic 
variant is significantly associated with 
the risk of SLE (53). In the present study, 
we observed that SLE patients with 
rs8178819 genotype CC did not reveal 
higher concentration of inflammatory 
cytokines in serum as compared to SLE 
patients with the CT or TT genotypes. 
Nevertheless, in comparison to the 
healthy individuals, significantly higher 
IL-6 and TGFβ serum levels were ob-
served in carriers of CC genotype but 
not CT. Moreover, we noticed that 
APOH rs8178819 genotype CC seems 
to be associated with high value of ESR 
in SLE patients. In several studies, an 
association of ESR with SLE activity 
has been reported and in fact, patients 
in remission revealed lower values of 
ESR (38, 53). In most cases, inflam-
matory processes are associated with 
ESR marker, which strongly depends on 
high fibrinogen concentration allowing 
the sticking between erythrocytes (48). 
ESR is an easy, fast and cheap diagnos-
tic method for observation of changes in 
plasma proteins. Higher concentration 
of globulins, including immunoglobu-
lins and interaction between erythro-
cytes and fibrinogen raised viscosity 
plasma, elevates RBC aggregation and 
ESR value (40, 54). 
Very little is known about the signifi-
cance of APOH rs8178835, which is 

Table VII. Variation in selected serum cytokines levels in SLE patients and control group 
in relation to TF gene polymorphisms.

	 Genotype	 SLE	 Controls	 p-value

	 TGF-β (pg/ml)
TF rs958587	 median (IQR)a	 median (IQR)a

	 Mean ± SDb	 Mean ± SDb	
Codominant	 TT	 725.513 	(211.706)	 560.402 	(252.566)	 0.0008a

	 TC	 723.543 	(271.57)	 596.213 	(277.591)	 0.0002b

		  736.613 ± 164,107	 564.657 ± 214,76	
	 CC	 796.734 	(135.669)	 560.402 	(252.566)	 0.00001a

TF rs3917615	 	 median (IQR)a	 median (IQR)a

		  Mean ± SDb	 Mean ± SDb	
Codominant	 TT	 745.22 	(211.706)	 496.526 	(235.452)	 0.0008b

		  717,083 ± 119,271	 485,609 ± 191,064	
	 TC	 720.372 	(271.57)	 592.701 	(308.953)	 0.0002b

		  733.649 ± 163,715	 559.925 ± 223,93	
	 CC	 801.943 	(117.867)	 562.72 	(255)	 0.00001a

TF rs1361600	 	 median (IQR)a	 median (IQR)a

		  Mean ± SDb	 Mean ± SDb	
Codominant	 CC	 725.513 	(211.706)	 496.526 	(235.452)	 0.0008a

	 CT	 723.543 	(271.57)	 596.213 	(277.591)	 0.0002b

		  736.613 ± 164,107	 564.657 ± 214,76	
	 TT	 796.734 	(135.669)	 560.402 	(252.566)	 0.00002a

	 IFN-γ (IU/ml)
TF rs958587	 	 median (IQR)a	 median (IQR)a	
Codominant	 TT	 1.113 	(0.291)	 0.043 	(0.237)	 0.002a

	 TC	 0.455 	(1,58)	 0 	(0.226)	 0.035a

	 CC	 0.638 	(1.541)	 0 	(0.222)	 0.047a

TF rs3917615	 			 
Codominant	 TT	 1.113 	(0.291)	 0.021 	(0.195)	 0.002a

	 TC	 0.455 	(1.58)	 0.004 	(0.356)	 0.057a

	 CC	 0.638 	(1.541)	 0 	(0.158)	 0.035a

TF RS1361600	 			 
Codominant	 CC	 1.113 	(0.291)	 0.043 	(0.225)	 0.003a

	 CT	 0.455 	(0.455)	 0 	(0.282)	 0.040a

	 TT	 0.638 	(1.541)	 0 	(0.222)	 0.047a

	 IL-6 (pg/ml)

TF rs958587	 	 median (IQR)a	 median (IQR)a	
Codominant	 TT	 32.499 	(41.939)	 18.879 	(29.51)	 0.042a

	 TC	 44.703 	(34.101)	 21.192 	(18.446)	 0.0002a

	 CC	 62.866 	(49.648)	 26.99 	(21.173)	 0.0003a

TF rs3917615	 	 median (IQR)a	 median (IQR)a	
Codominant	 TT	 29.927 	(48.734)	 22.248 	(24.939)	 0.083a

	 TC	 44.703 	(34.101)	 21.192 	(19.257)	 0.0003a

	 CC	 59.612 	(46.445)	 26.559 	(19.881)	 0.0002a

TF rs1361600	 	 median (IQR)a	 median (IQR)a	
Codominant	 CC	 32.499 	(45.158)	 22.248 	(30.415)	 0.175a

	 CT	 46.898 	(37.923)	 20.953 	(18.446)	 0.00004a

	 TT	 62.866 	(50.155)	 26.99 	(21.173)	 0.0006a

	 TNF-α (pg/ml)

TF rs958587	 	 median (IQR)a	 median (IQR)a	
Codominant	 TT	 39.725 	(63.634)	 23.983 	(4.786)	 0.068a

	 TC	 31.598 	(19.48)	 16.084 	(11.176)	 0.00001a

	 CC	 32.459 	(32.016)	 13.301 	(11.084)	 0.00001a

TF rs3917615		  median (IQR)a	 median (IQR)a	
Codominant	 TT	 40.975 	(63.634)	 23.102 	(20.876)	 0.027a

	 TC	 31.109 	(17.589)	 16.084 	(11.176)	 0.00001a

	 CC	 32.697 	(31.835)	 13.301 	(11.084)	 0.000009a

TF rs1361600		  median (IQR)a	 median (IQR)a	
Codominant	 CC	 29.361 	(63.715)	 23.102 	(20.876)	 0.057a

	 CT	 32.222 	(18.09)	 16.084 	(11.176)	 0.000004a

	 TT	 35.807 	(51.111)	 13.301 	(11.084)	 0.00001a

a: Mann Whitney test; b: student t-test.
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localised in intron 3. Cooper (2010) 
pointed out that some SNPs may influ-
ence the expression of remote genes at 
distance, rather than the expression of 
those genes which actually host them 
(55). Certainly, the development of new 
technologies, deep sequencing and bio-
informatic tools, will contribute to un-
derstanding the structure and function 
of introns. Nevertheless, rs8178835 has 
been classified as a marker capable of 
being associated with cardiovascular 
diseases, particularly coronary heart 
disease (especially myocardial infarc-
tion) or hypertension, a greater than 
51% probability (US20130030051A1) 
(56). Present study, revealed that ho-
mozygous rs8178835 GG patients did 
not suffer from arthritis. Moreover, 
IL-6 and TGF-β serum concentrations 
in these patients were not statistically 
different from the outcomes noted in 
healthy subjects. Additionally, IFN-γ 
serum level in GG patients was not de-
tected or it was below quantification. 
Further studies will be necessary to 
delineate the possibly protective func-
tion of the APOH rs8178835 genotype 
GG in pathology and clinical course of 
SLE. 
The most important clinically relevant 
finding of the present study is that in 
our population, almost three-quarters 
of SLE patients with TF rs3917615 TC 
and TT genotypes and halve of SLE 
patients with TF rs958587 TT geno-
type suffered from joint inflammation/
arthritis. These results provide further 
support for the statement that some pol-
ymorphic variants may to predispose 
to more severe inflammatory processes 
and consequently modify susceptibil-
ity for disease (17, 57). TF expression 
is found to be regulated by several in-
flammatory factors including TNF-α, 
IFN-γ, IL-1 and IL-6 (15). Moreover, in 
the present study we observed that se-
rum TNF-α levels was not significantly 
different between healthy subjects and 
patients with TF rs958587 TT geno-
type and rs1361600 CC variants, what 
might be also the result of the treatment 
or other cytokines concentration/ratio 
impact (18, 58). On the other hand, dif-
ferences in production of TNF-α can 
be in part explained by its gene poly-
morphisms which are beyond the scope 

Table VIII. Variation in selected cytokines concentration in SLE patients and control group 
in relation to APOH gene polymorphisms.

	 genotype	 SLE	 Controls	 p-value

	 TGF-β (pg/ml)
APOH rs4581		  median (IQR)a	 median (IQR)a

		  Mean ± SDb	 Mean ± SDb	
Codominant	 AA	 751.767 ± 62.046	 497.371 ± 318.598	 0.062b

	 AC	 763.577 	(189.28)	 612.892 	(186.38)	 0.002a

	 CC	 727.454 ± 164.622	 532.297 ± 223.902	 0.00008b

APOH rs8178835		  median (IQR)a	 median (IQR)a

		  Mean ± SDb	 Mean ± SDb	
Codominant	 AA	 744,355 	(210,16)	 542.943 	(302.79)	 <0.00001a

	 AG	 790,143 	(177,13)	 612.892 	(186.38)	 0.001a

	 GG	 759,427 ± 64,24	 497.371 ± 318.598	 0.079b

APOH rs8178819		  median (IQR)a	 median (IQR)a

		  Mean ± SDb	 Mean ± SDb	
Codominant	 CC	 766.835 	(186.75)	 554.529 	(306.04)	 <0.00001a

	 CT	 692.806 ± 190.466 	 591.687 ± 189.113 	 0.295b

	 TT	 -	 -

	 IFN-γ (IU/ml)
APOH rs4581		  median (IQR)a	 median (IQR)a	
Codominant	 AA	 0 	(0)	 0 	(0.113)	 0.724a

	 AC	 0.858 	(0.517)	 0 	(0.089)	 0.018a

	 CC	 1.138 	(1.838)	 0.043 	(0.347)	 0.013a

APOH rs8178835		  median (IQR)a	 median (IQR)a	
Codominant	 AA	 1.113 	(1.327)	 0.043 	(0.356)	 0.001a

	 AG	 0.697 	(0.479)	 0 	(0.089)	 0.0004a

	 GG	 0 	(0)	 0 	(0.113)	 -

APOH rs8178819		  median (IQR)a	 median (IQR)a	
Codominant	 CC	 0.697 	(0,931)	 0 	(0.226)	 0.00006a

	 CT	 -		  0 	(0.166)	
	 TT	 -		  -	

	 IL-6 (pg/ml)
APOH rs4581		  median (IQR)a	 median (IQR)a	

Codominant	 AA	 72.94 	(96.31)	 27.061 	(34.534)	 0.171a

	 AC	 58.802 	(53.709)	 22.63 	(28.358)	 0.0006a

	 CC	 31.091 	(35.819)	 20.643 	(18.919)	 0.002a

APOH rs8178835		  median (IQR)a	 median (IQR)a	
Codominant	 AA	 42.184 	(37.337)	 22.946 	(19.445)	 0.00002a

	 AG	 48.884 	(45.64)	 22.63 	(28.358)	 0.002a

	 GG	 88.286 	(77.894)	 27.061 	(34.534)	 0.156a

APOH rs8178819		  median (IQR)a	 median (IQR)a	
Codominant	 CC	 43.894 	(40.652)	 23.15 	(21.471)	 <0.00001a

	 CT	 56.358 	(49.067)	 21.137 	(16.791)	 0.314a

	 TT	 -		  -		  -

	 TNF-α (pg/ml)
APOH rs4581		  median (IQR)a	 median (IQR)a	
Codominant	 AA	 29.776 	(60,618)	 6.133 	(0,941)	 0.057a

	 AC	 36.605 	(17,935)	 16.626 	(15,41)	 0.0008a

	 CC	 31.311 	(42,887)	 16.026 	(13,885)	 <0.00001a

APOH ra8178835		  median (IQR)a	 median (IQR)a	
Codominant	 AA	 30.663 	(33,839)	 16.084 	(16,09)	 <0.00001a

	 AG	 36.872 	(16,597)	 16.626 	(15,41)	 0.0002a

	 GG	 31.775 	(60,618)	 6.133 	(0,941)	 0.067a

APOH rs8178819		  median (IQR)a	 median (IQR)a

		  mean ± SDb	 mean ± SDb	
Codominant	 CC	 31.642 	(33,914)	 14.766 	(13,659)	 <0.00001a

	 CT	 52.426 ± 35,536	 16.334 ± 10,334	 0.036b

	 TT	 -	 -	 -

a: Mann Whitney test; b: student t-test.
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of present study. Further studies with 
more focus on this aspect are therefore 
recommended. 
Another important finding in the present 
study was similar level of IL-6 in serum 
of healthy subjects and SLE patients 
with TF rs3917615 TT and rs1361600 
CC variants. Ott et al. (2004) reported 
that TF -603G (rs1361600) is associ-
ated with an enhanced TF expression, 
higher plasma TF concentration and 
consequently with an increased risk 
for myocardial infarction (59). Moreo-
ver, TF rs3917615 TT and rs1361600 
CC variants were characterised by the 
lowest concentration of TGF-β among 
SLE patients. However, SLE patients 
revealed a higher level of TGF-β in se-
rum compared with healthy individuals. 
Generally, SLE patients have an in-
creased level of IL-6 (19,  60). Yoshito 
et al. (1997) reported elevated concen-
tration of IL-6 during cardiopulmonary 
complication of SLE (61) and Eilertsen 
et al. (2011) found involvement of IL-6 
in joint damage in SLE patients (62). On 
the other hand, numerous studies have 
revealed the raised value of inflamma-
tory cytokines in blood donors (22, 23, 
27, 62-64) which appears to be another 
limitation of this study. It is also worth 
noting that these three SNPs have been 
implicated into novel treatment strate-
gies and treatment prediction for pa-
tients having or at risk of developing an 
inflammatory condition or hypertension 
US20090148458A1 (65), and for pre-
dicting patients response to treatment 
with activated protein C or protein C like 
compound US20110027184A1 (66).

Conclusions
In summary, our data indicate that ge-
netic variants of TF and APOH may 
have an impact on inflammatory pro-
cesses and clinical relevance in SLE 
patients in the Caucasian population. 
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