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Abstract: Dengue is the most important viral disease transmitted by arthropod vectors. At present, it is known four types 

of virus serotypes, DEN 1, 2, 3 and 4. Differences in the host susceptibility to infection as well as the severity of disease 

can not be due only to viral virulence. Variations in immune response as a consequence of polymorphisms in regulatory 

regions of cytokine genes may have influence on the disease outcome. The aim of this study was to verify the occurrence 

of associations between cytokine gene polymorphisms and Dengue Fever. Two hundred patients from Paraná State and 

313 control individuals from Southern and Southeastern Brazil were genotyped for single nucleotide polymorphisms 

(SNPs) of TNF
-308

, IFNG
+874

, IL6
-174

, IL10
-1082,-819,-592

 and TGFB1
+869,+915

 by PCR-SSP (kits One Lambda, CA, USA). 

Phenotype, genotype and allele frequencies were compared by chi-square test, with Yates’ correction or Fisher’s exact 

test. There was a negative association between IL6
-174

GC genotype and Dengue Fever (27.9% vs. 38.3%; P=0.015; 

OR=0.62; CI=0.42 - 0.91). Significant statistical differences with cytokine production phenotypes or alleles were not 

observed. These results suggest a protective role of IL6
-174

GC genotype for Dengue Fever. 
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INTRODUCTION  

 Dengue is an acute infectious disease of viral etiology, 
transmitted to human beings by the mosquito Aedes aegypti 
and less frequently by A. albopictus and A. scutellaris mos-
quitoes [1]. The dengue virus is classified as a one strand 
RNA-virus of the Flavivirus (Flaviviridae) genre [2]. At pre-
sent there are four known virus serotypes DEN 1, 2, 3 and 4, 
which are antigenically strongly related [3]. Dengue has be-
come the most important disease in tropical areas, and the 
most important among the ones of viral ethiology transmitted 
by mosquito`s bite [4]. It is estimated that the incidence of 
the disease has increased thirty times in the last fifty years 
[5]. In 2007, there were more than 890,000 reported cases of 
dengue in the Americas, of which 26,000 cases were Dengue 
Hemorrhagic Fever (DHF) [6].  

 Different responses to dengue virus infection in distinct 
individuals of the same population have been verified, rang-
ing from sub-clinical manifestations to patient’s death. How-
ever, host susceptibility to infection as well as disease sever-
ity can not be due to viral virulence solely [7].  

 TH1 cytokine pattern produced by the patient in response 
to the virus has been related to the infection resolution while 
the TH2 cytokine pattern seems to promote a more severe 
symptomatology [8].  

 Several cytokine genes show polymorphisms in regulat-
ing regions, directly affecting gene transcription, and conse-
quently the cytokine production profile [9]. Recent studies 
show that immune response variations from polymorphisms 
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in regulatory regions of cytokine genes seem to influence the 
produced cytokine level and consequently the outbreak of 
different infectious disease, including Dengue Hemorrhagic 
Fever [10-15].  

 Thus, the aim of the present study was to analyze single 
nucleotide polymorphisms (SNPs) of TNF-308, IFNG+874,  
IL6-174, IL10-1082,-819,-592 and TGFB1+869,+915, and verify the 
occurrence of possible associations with susceptibility or 
resistance to Dengue Fever (DF), characterized by self-
limited fever, associated with myalgia, headache, and throm-
bocytopenia, but no signs of hemorrhage or plasma leakage 
shock. 

MATERIALS AND METHODOLOGY 

 Two hundred mixed-origin Brazilian patients from 
Paraná state (87.6% self-reporting white and 12.4% mixed 
race), with clinical and laboratory positive diagnosis for DF, 
and three hundred and thirteen mixed-origin Brazilian indi-
viduals (84.7% self-reporting white and 15.3% mixed race), 
paired with patients by gender, age and racial group partici-
pated in this study. 

 Based on HLA polymorphism, the white population of 
Paraná is mostly from European origin (80.6%), with signifi-
cant contribution of genes of African origin (12.5%) and 
Amerindian (7%). The mulatto population is mainly from 
African origin (49.5%), with important European (41.8%) 
and Amerindian contribution (8.7%) [16]. 

 The disease clinical diagnosis was accomplished accord-
ing to the established criterion by the World Health Organi-
zation (WHO 1997) and confirmed by serological technique 
(IgM capture ELISA Kit) and/or virus culture by the 
Paraná’s Infectious Disease Central Lab. The patients devel-
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oped the disease during three epidemics caused by dengue 
virus 1 serotype: two in Maringá city in 1995 (N=46) and in 
2002/03 (N=136) and one in Paranavaí city in 1999 (N=18). 

 Patients and controls signed a written consent for partici-
pating in the study, being approved by Maringá State Uni-
versity Permanent Ethics Committee in Research with Hu-
man Beings (Resolution nº 190/2004). 

 Genomic DNA from each collected blood sample was 
extracted and purified through EZ-DNA kit (Biological In-
dustries, Israel) or NEOISOColumn kit (Biosystems, Middle- 
town, CT), according to the manufactor’s instructions. 

 There were evaluated the SNPs of TNF
-308

G>A, 
TGFB1

+869,+915
T>C, C>G, IL10

-1082,-819,-592
A>G, T>C, A>C, 

IL6
-174

G>C and IFNG
+874

T>A, through polymerase chain 
reaction PCR-SSP (kits One Lambda, CA, USA). These 
SNPs were chosen because of their significant influence on 
the development of acquired immune response and possibly 
the course of dengue virus infection.  

 The genotypic, allelic and phenotypic frequencies for 
each SNP were obtained by direct counting and compared by 
the chi-square test with Yates correction or by the Fisher 
Exact Test. P values equal to or lower than 0.05 were con-
sidered significant. The strength of association was evaluated 
by the odds ratio (OR) according to Woolf’s formula [17]. 

RESULTS 

 The patient’s average age was 48.8±1.17 years, where 
61.2% were women and 38.8% men. 

 The genotypic and allelic frequencies of cytokine regula-
tory gene polymorphisms (TNF

-308
, IFNG

+874
, IL10

-1082,-819, 

-592
, IL-6

-174
 and TGFB1

+869,+915
) are shown in Tables 1 and 2, 

respectively. As observed in Table 1, it was verified only one 
negative association between the genotype IL6

-174
GC and DF 

(27.86% vs. 38.26% P = 0.015; OR = 0.62; CI = 0.42 – 0.91).  

 Statistically significant differences could not be seen 
when comparing allelic (Table 2) or phenotypic frequencies 
and DF (data not shown). All of the frequencies were in 
Hardy-Weinberg equilibrium. 

DISCUSSION 

 Polymorphisms in cytokine regulatory gene regions have 
been described in literature. Some of these polymorphisms 
seem to be correlated to its production [18-25], and poten-
tially conferring flexibility to immune response. The pres-
ence of certain genotypes may influence the course of both 
viral and bacterial infections [13, 26-29], as well as be asso-
ciated to susceptibility or resistance to auto-immune diseases 
[30, 31], or influence both solid organ post-transplant rejec-
tion processes [32, 33], and graft versus host disease post 
bone-marrow transplantation [34, 35].  

 Variations at the levels of different cytokines, as TNF- , 
IL-4, IL-6, IL-10, MIF, have been related to DF disease se-
verity as well [36, 37]. As the production of these cytokines 
is genetically determined, cytokine regulatory gene poly-
morphisms may be correlated to DF susceptibility or resis-
tance.  

Table 1. Genotypic Frequency Distribution of Cytokine 

Regulatory Gene Polymorphisms in Both Patients 

with Dengue Fever (DF) and Control Individuals 

(CT) of a Southern Brazilian Population 

Polymorphism 
DF 

 n (%) 

CT 

n (%) 
P 

TNF (-308) n = 200 n = 309  

GG 157 (78.5) 230 (74.4) 0.345 

GA  40 (20.0) 77 (24.9) 0.238 

AA  3 (1.5) 2 (0.7) 0.386 

IL6 (-174) n = 201 n = 311  

CC 24 (11.9) 31 (10.0) 0.577 

GC 56 (27.9) 119 (38.3)  0.015* 

GG 121 (60.2) 161 (51.7)  0.076 

IFNG (+874) n = 201 n = 310  

AA 73 (36.3) 102 (32.9) 0.484 

TA 96 (47.8) 163 (52.6) 0.330 

TT 32 (15.9) 45 (14.5) 0.759 

TGFB1 (+869) n = 199 n = 308  

TT 49 (24.6) 91 (29.6) 0.267 

TC 114 (57.3) 163 (52.9) 0.383 

CC 36 (18.1) 54 (17.5) 0.967 

TGFB1 (+915) n = 199 n = 308  

GG 163 (81.9) 265 (86.0) 0.260 

GC 33 (16.6) 42 (13.7) 0.433 

CC 3 (1.5) 1 (0.3) 0.158 

IL10 (-1082) n = 200 n = 310  

GG 24 (12.0) 46 (14.9) 0.437 

GA 95 (47.5) 143 (46.1) 0.832 

AA 81 (40.5) 121 (39.0) 0.812 

IL10 (-819) n = 200 n = 310  

CC 83 (41.5) 140 (45.2) 0.470 

CT 88 (44.0) 139 (44.8) 0.924 

TT 29 (14.5) 31 (10.0) 0.162 

IL10 (-592) n = 200 n = 310  

CC 83 (41.5) 140 (45.2) 0.470 

CA 88 (44.0) 139 (44.8) 0.924 

AA 29 (14.5) 31 (10.0) 0.162 

*OR=0.62; IC=0.42-0.93. 
P value obtained through chi-square test. 
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Table 2. Allelic Frequency Distribution of Cytokine Regula-

tory Gene Polymorphisms in Both Patients with 

Dengue Fever (DF) and Control Individuals (CT) of 

a Southern Brazilian Population 

Polymorphism 
DF 

n (%) 

CT 

n (%) 
P 

TNF (-308) n = 200 n = 309  

G 354 (88.5) 537 (86.9) 0.509 

A 46 (11.5) 81 (13.1)  

IL6 (-174) n = 201 n = 311  

C 104 (25.9) 181 (29.1) 0.292 

G 298 (74.1) 441 (70.9)  

IFNG (+874) n = 201 n = 310  

A 242 (60.2) 367 (59.2) 0.799 

T 160 (39.8) 253 (40.8)  

TGFB1 (+869) n = 199 n = 308  

T 212 (53.3) 345 (56.0) 0.428 

C 186 (46.7) 271 (44.0)  

TGFB1 (+915) n = 199 n = 308  

G 359 (90.2) 572 (92.9) 0.165 

C 39 (9.8) 44 (7.1)  

IL10 (-1082) n = 200 n = 310  

G 143 (35.7) 235 (37.9) 0.529 

A 257 (64.3) 385 (62.1)  

IL10 (-819) n = 200 n = 310  

C 254 (63.5) 419 (67.6) 0.202 

T 146 (36.5) 201 (32.4)  

IL10 (-592) n = 200 n = 310  

C 254 (63.5) 419 (67.6) 0.202 

A 146 (36.5) 201 (32.4)  

P obtained through the chi-square test. 

 

 The present study analyzed SNPs of some cytokine genes 
that may direct the immune response to TH1/TH2, in order 
to verify the occurrence of possible associations among them 
and the susceptibility or resistance to DF. Our results suggest 
a protective role of the genotype IL6

-174
GC for DF, and this 

genotype is associated by some authors with high IL-6 pro-
duction [38].  

 Studies on association of DF with cytokine gene poly-
morphisms are rare in literature. Fernandez-Mestre et al. 
[12], when studying the SNPs TNF

-308
G>A, TGFB1

+869, 

+915
T>C, C>G, IL10

-1082,-819,-592
A>G, T>C, A>C, IL6

-174
G>C 

and IFNG
+874

T>A, suggested the allele TNF-308 A as a pos-

sible risk factor to hemorrhagic manifestations in dengue 
patients. Conversely to our results, these authors did not ob-
serve associations with DF. 

 The frequency of the genotype IL6
-174

GC in the patients 
with DF presented by the authors was similar to the one 
found in our study (26.8% vs. 27.9%). However, the fre-
quency of this genotype in controls was significantly lower 
than ours (21.7% vs 38.3% personal communication), possi-
bly because of a difference in the racial components forma-
tion of the two populations. It is important to note that the 
IL-6

174
GC frequency observed in our controls was similar to 

the one found by Pieroni et al. [39] in a population sample of 
São Paulo, Brazil. 

 IL-6 is a pleiotropic cytokine, produced during innate and 
adaptive immune response by T and B lymphocytes, macro-
phages, monocytes, fibroblasts and endothelial cells, besides 
some tumoral cells [40, 41]. It is not constitutively ex-
pressed, but induced in response to various inflammatory 
stimuli as IL-1, TNF-  and viral infection [42, 43]. Its bio-
logical activities include participation in immunological re-
sponses, hematopoiesis, and acute phase reactions [44]. The 
deregulated expression of IL-6 has been associated to dis-
eases as plasmacytoma, myeloma and proliferative chronic 
inflammatory diseases [44].  

 This cytokine also seems to increase in DF patients [45], 
and may seem to have an action in viral eradication by 
stimulating a TH1 immune response [46]. Moreover, IL-6 
promotes the decreasing of consequential symptoms to infec-
tion, since it inhibits the acute phase of the inflammatory 
response through induction of pro-inflammatory cytokine 
antagonists as IL1ra and sTNFR p55 [47]. This way, the as-
sociation of these two biological activities may promote pro-
tection against DF clinical symptoms development in pa-
tients expressing the IL-6 high producer genotype: IL6

-

174
GC.  

 Alternatively, there is low consensus about the relation 
between polymorphisms and cytokine production in general 
[48], and IL-6 production, more specifically [49, 50]. Kil-
pinen et al. [51] observed an association between polymor-
phism and the production of IL-6 both in vivo or in vitro only 
in truly “naive” newborns, whilst in adults the previous con-
tact with hexogen antigens would modify its response. 

 Moreover, the influence of SNP IL6
-174

G>C in gene tran-
scription may be more complex and involve various poly-
morphic sites. The SNP IL6

-174
G>C is in truth part of an 

haplotype of SNPs, genetically and functionally linked, in-
cluding the positions -634G>C, -597G>A, -572G>C,  
-373AnTn [42, 52]. Thus, a specific polymorphism of this 
haplotype may exert influence in IL-6 transcription, but each 
SNP would not act independently from others. A complex 
interaction may occur between the effects of each SNP, in-
fluencing the final phenotype produced by the haplotype. 
Therefore, the study of SNP IL6

-174
G>C solely may not cor-

respond to the IL-6 high or low producer phenotype, unless 
the other IL-6 haplotype SNPs do not affect significantly the 
gene expression.  

 Anyway, SNP IL6
-174

G>C has been related to various 
infectious disease [25, 53]; although the mechanism through 
which it influences the manifestation of the disease is un-
known. More recently, Castellucci et al. [54] associated it to 
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mucosal/ cutaneous leishmaniasis susceptibility; Budak et al. 
[55] found it as a potential factor of susceptibility to brucel-
losis; Buraczynska et al. [56] emphasized it as a possible risk 
factor for quick progression of chronic glomerulonephritis to 
final stage renal disease, and Moreira et al. [57] associated it 
to periodontal disease severity. 

CONCLUSION 

 The IL6
-174

GC genotype was observed at the present 
study as a resistance marker to DF, although the mechanism 
through which it would exert protective action against the 
disease is still a matter of debate. 
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