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ABSTRACT. Interleukin 8 (IL-8) is a chemokine produced by 
macrophages and other cell types, including epithelial cells, and its 
receptor is CXCR2. IL-8 plays an important role in the initiation 
and amplification of inflammatory diseases, including opportunistic 
infections. With the advent of human immunodeficiency virus (HIV) 
and acquired immunodeficiency syndrome, opportunistic infections 
have become major health concerns. However, the role of host 
genetics on the occurrence of these infections has not been clearly 
defined. In this study, genomic DNA was extracted from 185 HIV-
infected individuals in the Limpopo Province, South Africa. Allele-
specific polymerase chain reaction was used to genotype the CXCR2 
+1208 T/C gene. Genotypes CC, TT, and TC were associated with 
chest pains, frequent headaches, loss of weight, diarrhea, and loss of 
appetite among HIV patients. A significant association between the CC 
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genotype and chest pains was found (P = 0.035). The TC genotype was 
associated with loss of appetite (P = 0.044) and chest pains (P = 0.042). 
A weak association between diarrhea and the TT genotype was found 
(P = 0.082). No association was observed between tuberculosis and the 
genotypes. Immunological characteristics, such as viral load and CD4 
count, were not significantly associated with the genotypes. The results 
of the present study suggest that carriers of the TC genotype are more 
susceptible to chest pain, but that this genotype confers a protective 
effect against loss of appetite. The CC genotype was found to confer 
protection against chest pain but appeared to increase susceptibility 
to headaches. Further studies using larger samples are necessary to 
confirm these results.

Key words: CXCR2 +1208 T/C gene; Polymorphism; HIV;
Opportunistic Infections; Host genetics; Limpopo Province

INTRODUCTION

Chemokines are low-molecular weight proteins characterized by their ability to pro-
mote the directed chemotaxis of leukocytes. Of the different subclasses of chemokines, the 
CXC family of chemokines are particularly important in the initiation and amplification of 
inflammatory diseases (Chapman et al., 2009) such as tuberculosis (TB) (Otsuka et al., 2005), 
diarrhea (Jiang et al., 2003), chest pain (Stadtmann and Zarbock, 2012), and loss of appe-
tite, which eventually lead to unexplained weight loss. The CXCR2 chemokine receptor is 
a glycoprotein-coupled receptor found primarily on the surface of leukocytes and binds to 
interleukin-8 (IL-8) with high affinity.

Inflammatory processes are important components of the defense mechanisms of the 
body. Despite their normal function, the inflammatory response may result in injury to a vari-
ety of organs and tissues if excessive stimulation occurs beyond simply removing the patho-
gen and healing (Chiche et al., 2001). Opportunistic infections are one of the most common 
causes of morbidity and mortality among human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS) patients. The virus continuously damages the immune 
system until it can no longer cope with and respond to infections. CD4+ T cells and macro-
phages are key components of the cellular immune system as the primary targeted cells. The 
process of inflammation as well as opportunistic infection among patients is regulated by 
cytokines, which are key protein regulators of the host response to infection (Li et al., 2012). 

Various studies have shown that the host cytokine response is genetically determined 
and polymorphic (Bidwell et al., 1999). There is a growing body of evidence indicating that 
CXCR2 plays an important role in pulmonary disease (Chapman et al., 2009). Several phar-
maceutical companies have identified potent and selective CXCR2 candidates that have now 
advanced into clinical trials (Chapman et al., 2009). Examining the genetic variation associ-
ated with disease will increase the understanding of why some patients die in a short period of 
time while others remain healthy for longer periods, even if both have the same infection. In 
this study, we examined genetic polymorphisms in the CXCR2 gene and their association with 
opportunistic infections among HIV-infected patients.
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MATERIAL AND METHODS

Recruitment of subjects and sample collection

The study was approved by the University Health, Safety, and Research Ethics 
Committee (UNIVEN). The objectives of the study were explained to the patients and 
written consent forms were obtained before administration of the questionnaires and 
sample collection. Questionnaires were structured to obtain gender, hospital, treatment, 
and marital status information. Mouthwash samples were collected from a total of 201 
patients randomly selected from 3 different hospitals, including Donald Frazer, Elim, 
and Tshilidzini, in the Limpopo Province, South Africa. Other samples were collected at 
the University of Venda. Patient files were also consulted when needed with permission 
from the hospital review board and the Department of Health, Polokwane. Samples were 
transported to the Molecular Genetics Laboratory at UNIVEN in a cooler box containing 
ice. Upon arrival to the laboratory, samples were centrifuged at 2236 g for 15 min and 
the pellet was transferred to a 2-mL microcentrifuge tube and stored in a freezer at -20°C 
until further use.

DNA extraction and genotyping

Genomic DNA was extracted from a mouthwash sample and purified using a 
blood extraction kit (Sigma; St. Louis, MO, USA) as recommended by the manufacturer. 
Allele-specific polymerase chain reaction (AS-PCR) was performed to detect polymor-
phisms at positions +1208 of the CXCR2 gene. As an internal control, β-globin-specific 
primers were used. A 20-µL PCR mixture was prepared and contained 5 µL genomic 
DNA, 10 µL Kappa ready mix Taq polymerase (KAPPA Biotechnologies; Cape Town, 
South Africa), 0.3 µL each specific and common primer, and nuclease-free water. The 
primers used were CXCR2 (+1208) common (5ꞌ-GTCTTGTGAATAAGCTGCTATGA-
3ꞌ), CXCR2 (+1208) C allele (5ꞌ-CCATTGTGGTCACAGGAAGC-3ꞌ),  and CXCR2 
(+1208) T allele (5ꞌ-CCATTGTGGTCACAGGAAGT-3ꞌ), yielding a PCR product of 
approximately 700-720 base pairs (bp) as described by Snoussi et al. (2010). 

The AS-PCR cycling conditions were as follows: pre-denaturation at 96°C for 10 
min, touch-down procedure of 25 s at 95°C, followed by annealing for 45 s at temperatures 
decreasing from 55°C (4 cycles) to 50°C (25 cycles), and an elongation step at 72°C for 40 s; 
following the reaction, the temperature was held at 4°C. PCR products of the CXCR2 gene 
amplification were loaded onto a 1.5% agarose gel and visualized using a gel documentation 
system (GBox; Vacutec; Pretoria, South Africa).

Statistical analysis

All results were analyzed using the Statistical Package for Social Science 
(SPSS, Inc., 2009; Chicago, IL, USA) version 19 Windows program. The Pearson 
chi-square test and binary analysis were used to determine the potential association 
between the genotype distribution and the different demographic and clinical charac-
teristics of patients. 
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RESULTS

Demographic information of participants

All participants were grouped according to gender, marital status, age group, number 
of individuals per location, and treatment (Table 1). The population included 124 females 
(67.0%) and 60 males (32.4%), with the gender of one sample not identified. Most patients 
were single (42.5%) and most were 25-45 years old (55.85%). A large number of patients were 
recruited from Donald Frazer (89; 48.1%), and only a few were from UNIVEN (15; 8.1%). 
The most common treatment received by patients was antiretroviral therapy (97; 51.6%) and 
prophylaxis (80; 43.5%); bactrim (50; 26.60%) was the least common treatment method. 

Characteristic No. of individuals (% of the total sample of 185)

Gender
   Missing   1 (0.6%)
   Male   60 (32.4%)
   Female 124 (67.0%)
Marital status
   Divorced     20 (10.81%)
   Married     61 (32.97%)
   Single     80 (43.24%)
   Widow     24 (12.97%)
Age group
   < 25 years   12 (6.38%)
   25-45 years   102 (55.85%)
   > 45 years     71 (37.77%)
Location
   Elim   34 (18.4%)
   Tshilidzini   47 (25.4%)
   Donald Frazer   89 (48.1%)
   UNIVEN 15 (8.1%)
Treatment taken by patients
   Prophylaxis     80 (43.55%)
   Multi vitamin concentrate (intravenous infusion) (MVI)   11 (5.85%)
   Bactrim     50 (26.60%)
   Vitamin B complex     60 (31.91%)
   Antiretroviral therapy (ART)     97 (51.60%)
   General antibiotic usage     27 (14.36%)

Table 1. Demographic information of the participants.

PCR amplification to detect and identify genotypes

Following amplification, band positions were analyzed on the gels according to the 
expected band sizes. For the CXCR2 T allele, single bands of 700 bp were observed against a 
1-kb plus ladder, and dimers were below 50 bp. For CXCR2 C allele detection, double bands 
of 700-720 bp against a 1-kb plus molecular ladder were observed, and dimers were below 50 
bp. Genotypes were determined based on bands that appeared as homozygotes or heterozy-
gotes for each sample (Figure 1).

General distribution of CXCR2 genotypes

Of the 201 samples collected, only 185 were successfully amplified and consid-



7474

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 7470-7479 (2014)

A. Samie et al.

ered in the final analysis. Of the 3 genotypes, the heterozygous CXCR2 TC genotype 
was the most predominant in the population studied (79%) followed by the homozygous 
CXCR2 CC (15%) genotype; a few individuals (4%) expressed the homozygous CXCR 
TT genotype (Figure 2).

Figure 1. AS-PCR products for the CXCR2 +1208 C and T allele on 1.5% agarose gel. Lane M = 1-kb marker, lane 
N = negative control, and the numbers represent the samples; the genotypes are shown in the middle of the gels as 
TC, CC, and TT.

Figure 2. General distribution of the CXCR2 genotypes across the study population.

Correlation between CXCR2 genotype polymorphisms and opportunistic 
infections

Opportunistic infections and symptoms reported by the participants included TB, di-
arrhea, chest pains, and others. Table 2 shows the distribution of different genotypes in relation 
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to the occurrence of the different opportunistic infections and symptoms as reported by the 
patients (or those found in their medical records).

Association Genotype                                  Frequency  Total χ2 P

  No (99) Yes (47) Total (146)
Loss of appetite CC   13 (13.1%)    12 (25.5%)   25 (17.1%) 3.453 0.063
 TC   82 (82.8%)    32 (68.1%) 114 (78.1%) 4.048   0.044*
 TT   4 (4.0%)    3 (6.4%)   7 (4.8%) 0.383 0.536
  No (86) Yes (39) Total (125)
Frequent headaches CC   10 (11.6%)      9 (23.1%)   19 (15.2%) 2.729 0.099
 TC   72 (83.7%)    28 (71.8%) 100 (80.0%) 2.385 0.122
 TT   4 (4.7%)    2 (5.1%)   6 (4.8%) 0.013 0.908
  No (117) Yes (53) Total (170)
Past chest pain CC   24 (20.5%)    4 (7.5%)   28 (16.5%) 4.457   0.035*
 TC   85 (72.6%)    46 (86.8%) 131 (77.1%) 4.127   0.042*
 TT   8 (6.8%)    3 (5.7%) 11 (6.5%) 0.084 0.773
  No (138) Yes (31) Total (169)
Current chest pain CC   26 (18.8%)    2 (6.5%)   28 (16.6%) 2.811 0.094
 TC 101 (73.2%)    29 (93.5%) 130 (76.9%) 5.911   0.015*
 TT 11 (8.0%)  0 (0%) 11 (6.5%) 2.643 0.104
  No (136) Yes (35) Total (171)
Diarrhea CC   23 (16.9%)      5 (14.3%)   28 (16.4%) 0.140 0.708
 TC 102 (75.0%)    30 (85.7%) 132 (77.2%) 1.815 0.178
 TT 11 (8.1%) 0 (0%) 11 (6.4%) 3.026 0.082
  No (106) Yes (22) Total (128)
Loss of weight CC   18 (17.0%)      6 (27.3%)   24 (18.8%) 1.267 0.260
 TC   86 (81.1%)    14 (63.6%) 100 (78.1%) 3.263 0.071
 TT   2 (1.9%)    2 (9.1%)   4 (3.1%) 3.123 0.077
Tuberculosis  No (126) Yes (44) Total (170)
 CC   21 (16.7%)      7 (15.9%)   28 (16.5%) 0.014 0.907
 TC   97 (77.0%)    34 (77.3%) 131 (77.1%) 0.002 0.969
 TT   8 (6.3%)    3 (6.8%) 11 (6.5%) 0.012 0.913

Table 2. Association between the CXCR2 genotype distribution and opportunistic infections.

*P is significant at P < 0.05.

Of the 99 patients who did not suffer from loss of appetite, 13% expressed the CC gen-
otype; of the 47 patients who suffered from loss of appetite, 25% expressed the CC genotype, 
and the difference was nearly significant (χ2 = 3.453, P = 0.063). The TT genotype frequency 
showed no significant difference between patients with or without loss of appetite. However, 
the TC genotype was significantly associated with loss of appetite (P = 0.044). A significant 
association was also observed between the TC genotype and chest pains (P = 0.042), as was 
the CC genotype (P = 0.035).

CXCR2 genotype polymorphisms in relation to immunological characteristics of 
participants

The CD4 count and viral load were reported for some patients in their files. Of the 
36 individuals with CD4 counts less than 50 cells/µL, 19.4% carried the CC genotype, 77.8% 
carried the TC genotype, and 2.8% carried the TT genotype; the difference was not significant 
(P = 0.396). Most participants with a CD4 count less than 50 cells/µL carried the TC genotype, 
but the difference was not significant (P = 0.954). Participants with viral loads > 25 copies (or 
undetectable) carried mostly the TC genotype. However, this difference was not statistically 
significant (P = 0.526) (Table 3).
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DISCUSSION

Inflammation is a defense reaction caused by infection or tissue damage (Stadtmann 
and Zarbock, 2012). Inflammatory processes eliminate the inflammatory stimulus and protect 
the surrounding tissue from further damage, making it possible for the host to survive. A de-
fect in this system can severely affect the integrity of the organism, which may lead to fatality. 
This is demonstrated in patients with HIV and AIDS. The reduction of neutrophil recruitment 
in disease models stimulated by bacteria often results in decreased bacterial clearance and 
reduced survival (Craig et al., 2009). This also occurs in patients suffering from leukocyte 
adhesion deficiency, a disease characterized by a defect in leukocyte extravasation. This re-
sults in an inappropriate inflammatory response to injury or infection (Etzioni, 2010). Patients 
with this disease suffer from recurrent bacterial infections and have reduced life expectancy 
(Etzioni, 2010). Therefore, predisposition to infection exists in different individuals and may 
affect how they respond to infection. In the present study, we examined the distribution of 
CXCR2 genotypes in an African population to identify the potential association between the 
occurrences of opportunistic infections among these patients.

Expression of cytokines and their receptors have been shown to vary in individu-
als according to single nucleotide polymorphisms, thereby affecting the response to infec-
tion. CXCR2 and its chemokine ligands genotypes are involved in a wide range of acute and 
chronic inflammatory diseases, including acute respiratory distress syndrome (Kurdowska et 
al., 2002), rheumatoid arthritis (Erdem et al., 2005; Lally et al., 2005), psoriasis (Reich et al., 
2001), inflammatory bowel disease (Banks et al., 2003), chronic obstructive pulmonary dis-
ease and asthma (Keatings et al., 1996; Beeh et al., 2003; Chapman et al., 2009), aggressive 
cancer (Snoussi et al., 2010), cystic fibrosis (Koller et al., 1997), and atherosclerosis (Bizzarri 
et al., 2006). However, whether different genotypes of the genes coding for these cytokines 
are involved in the susceptibility to opportunistic infections among HIV patients is not clear. 

Association Genotype                                   Frequency  Total χ2 P

  No (124) Yes (36) (160)
CD4 < 50 cells/µL CC   17 (13.7%)      7 (19.4%)   24 (15.0%) 0.720 0.396
 TC   97 (78.2%)    28 (77.8%) 125 (78.1%) 0.003 0.954
 TT 10 (8.1%)    1 (2.8%) 11 (6.9%) 1.218 0.270
  No (57) Yes (103) Total (160)  
CD4 < 200 cells/µL CC     6 (10.5%)    18 (17.5%)   24 (15.0%) 1.390 0.238
 TC   46 (80.7%)    79 (76.7%) 125 (78.1%) 0.344 0.558
 TT   5 (8.8%)    6 (5.8%) 11 (6.9%) 0.498 0.481
  No (103) Yes (57) Total (160)  
CD4 > 200 cells/µL CC   18 (17.5%)      6 (10.5%)   24 (15.0%) 1.390 0.238
 TC   79 (76.7%)    46 (80.7%) 125 (78.1%) 0.344 0.558
 TT   6 (5.8%)    5 (8.8%) 11 (6.9%) 0.498 0.481
  No (141) Yes (19) Total (160)  
CD4 > 500 cells/mL CC   21 (14.9%)      3 (15.8%)   24 (15.0%) 0.011 0.918
 TC 110 (78.0%)    15 (78.9%) 125 (78.1%) 0.009 0.926
 TT 10 (7.1%)    1 (5.3%) 11 (6.9%) 0.087 0.767
  No (27) Yes (12) Total (39)  
High viral load CC     4 (14.8%)      2 (16.7%)     6 (15.4%) 0.022 0.882
 TC   20 (74.1%)    10 (83.3%)   30 (76.9%) 0.401 0.526
 TT     3 (11.1%) 0 (0%)   3 (7.7%) 1.444 0.229

Table 3. Association between the CXCR2 genotype distribution and immunological characteristics.

P is significant at P < 0.05.



7477

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 7470-7479 (2014)

CXCR2 gene polymorphism among HIV patients

Recent studies by Gianesin et al. (2012) showed that some variants of the stromal cell-derived 
factor 1 gene were associated with disease progression among children infected with HIV at 
birth. Although HIV patients are susceptible to infections because of reduced immune protec-
tion, this susceptibility may also depend on the patient’s specific genotype, which will affect 
how quickly or seriously a disease will progress. Salim et al. (2012) demonstrated that the 
CXCR2 CC genotype in CXCL8 A was more frequent in systemic sclerosis patients compared 
to controls. However, this genotype has not been examined in HIV-positive patients. 

We determined the distribution and associations between the CXCR2 genotypes and 
opportunistic infections among HIV-infected patients. The CXCR2 TC genotype was found 
to be more abundant, suggesting that patients in the Limpopo Province primarily carry the 
heterozygous TC genotype compared to other homozygous genotypes. However, different 
results obtained by Snoussi et al. (2010) suggested that the CC genotype was the predominant 
genotype among the Tunisian population. These authors also found a highly significant asso-
ciation between the homozygous CXCR2 (+ 1208) TT genotype and breast carcinoma in terms 
of frequency, but also found a significant association with an aggressive phenotype of breast 
carcinoma as defined by large tumor size, high histological grade, and auxiliary lymph node 
metastasis (Snoussi et al., 2010). In the present study, we did not determine whether the HIV 
patients also had carcinomas. However, we found that fewer patients carrying this genotype 
had chest pain compared to patients carrying other genotypes. Several studies have demon-
strated a lack of association between genetic polymorphisms and disease progression in HIV 
patients or co-infection with other pathogens such as hepatitis C virus (Osinusi et al., 2012). 
However, the presence of specific genotypes is strongly associated with HIV disease progres-
sion. In particular, it has been suggested that genetic variation within the human leukocyte 
antigen (HLA)-B locus has the strongest impact on HIV disease progression of any polymor-
phisms within the human genome examined to date (Kløverpris et al., 2012).

In the present study, the TC genotype was more common among patients who did 
not have loss of appetite, which is a problem faced by most HIV-infected patients, whereas 
the CC genotype was more common among patients who suffered from loss of appetite. This 
suggests that patients who are carriers of the CC genotype are more likely to suffer from loss 
of appetite; this results in weight reduction, which is quite common among HIV patients (At-
kinson et al., 2012). Similar results have been described previously (Tang et al., 2002). Chest 
pain may be a manifestation of different infections such as infections by influenza virus or 
other respiratory viruses, bacterial agents such as the Bacillus tuberculosis, or fungal infec-
tions such as Cryptococus neoformans lung infection (Deok-jong et al., 2010). In a study by 
Hu et al. (2012), diversity at the human Fcγ receptors (FcγRs) gene was found to be associated 
with cryptococal meningitis among HIV patients. In the present study, TC genotype carriers 
showed a significant association with loss of appetite and pain in the chest, suggesting that 
they may be experiencing chest-related infections such as TB (Alavi et al., 2011), but no as-
sociation was found between TB and any of the genotypes (CC, TC, and TT). TB is a common 
opportunistic infection among HIV patients. Previous studies have shown that individuals 
carrying specific genotypes were more susceptible to TB. For example, a study conducted in 
Iran showed that the C-159T polymorphism of the CD14 gene was associated with TB (Alavi-
Naini et al., 2012). In contrast, the ATP-binding cassette, sub-family B (encoded by ABCB-1 
or MDR-1) ABCB-1 C3435T polymorphisms did not affect plasma nevirapine and efavirenz 
concentrations in HIV/TB co-infected Thai patients or their immunological outcome, but did 
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affect virological outcomes in the nevirapine-treated group. This shows that the effect of the 
host genome on the outcome of infections primarily depends on the particular gene consid-
ered. In the present study, we detected no effect of the CXCR2 gene polymorphism on the 
occurrence of TB among the patients. 

The TT genotype was the least represented in our study population and did not appear 
to be associated with any of the infection/conditions observed among patients. Instead, it ap-
peared to be protective against diarrhea and chest pain. Similar findings have been described 
previously. In a case-control study involving breast cancer patients with invasive ductal carci-
noma, the CXCR2 +1208 C/T polymorphism showed no differences between studied groups 
(Kamali-Sarvestani et al., 2007). In a study conducted in Slovakia, the CXCR2 +1208 T allele 
was the least represented in that community and conferred protection from recurrent acute 
pyelonephritis (APN), which is the most severe form of urinary tract infection (Javor et al., 
2012). Because of the limited number of participants in our study, further studies are necessary 
to confirm these results. The immunological characteristics of patients showed no associa-
tion among the genotypes. This suggests that the receptor gene, unlike the cytokine to which 
it binds, does not affect the immunological characteristics of HIV patients. Previous stud-
ies have indicated that specific genotypes may affect the immunological recovery of patients 
through increased CD4 counts compared to other groups. For example, in a study conducted 
in Zimbabwe, there was a significant reduction of mortality and attenuation of CD4 cell de-
crease among patients who were carriers of the IL-10 -1082G allele, which has been linked to 
increased production of IL-10 (Erikstrup et al., 2007). 

This is the first study to investigate the effect of CXCR2 T/C polymorphisms among 
HIV patients in South Africa. We demonstrated that carriers of the TC genotype are more 
susceptible to chest pain, although this genotype appeared to be protective against loss of 
appetite; the CC genotype was protective against chest pain, but appeared to increase the 
susceptibility to headaches. Further studies using larger samples are warranted in order to 
confirm these results. The CD4 counts as well as the viral load showed no association between 
genotypes of the CXCR2 gene. 
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