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Abstract: Background: Distribution of cytokine gene polymorphisms may vary significantly among different
ethnic groups, and eventually contribute to observed differences in disease frequencies.
Objectives: To genotype 22 cytokine polymorphisms in the Macedonian population. The Macedonian popula-
tion consists of 301 healthy unrelated individuals.
Methods: Blood samples were collected after written consent, DNA was isolated from peripheral blood, and
22 polymorphisms were typed: IL-1α -889, IL-1β -511, IL-1β +3962, IL-1R psti1970, IL-1RN mspa11100, IL-4Rα
+1902, IL-12 -1188, IFNγ utr5644, TGF-β1 cdn10, TGF-β1 cdn25, TNF-α -308, TNF-α -238, IL-2 -330, IL-2
+166, IL-4 -1098, IL-4 -590, IL-4 -33, IL-6 -174, IL-6 565, IL-10 -1082, IL-10 -819, and IL-10 -592. Cytokine
genotyping was performed by PCR-SSP (Heidelberg kit). The population genetics analysis package, PyPop,
was used for analysis of the cytokine data.
Results: Test of neutrality (Fnd) showed negative value, but was significantly different from 0 for TGF-β1 cdn10
and IFNγ utr5644 (p of F = 0.001, and 0.012 respectively). Several SNPs (IL-1α -889, IL-1β +3962, IL-2 +166,
IL-4 -1098, IL-4 -590, IL-4 -33, and IL-10 -592) were not in HWP (p 0.005). Test of neutrality for cytokine
haplotypes (TGF-β1, TNF-α, IL-2, IL-4, IL-6, and IL-10) showed significantly difference from 0 only for IL-2
haplotypes (p=0.020).
Conclusion: The results of cytokine polymorphisms in Macedonian population can be used for anthropological
comparisons, as well as for association studies with different diseases (Tab. 6, Ref. 34). Full Text (Free, PDF)
www.bmj.sk.
Key words: cytokine gene polymorphisms, SSP genotyping, Macedonian population.
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Test of Neutrality 
Alleles 

EWN SEPV Cytokine Polymorphism 
Allele Number Frequency Fnd p of F 

C 482 0.814 
IL-1α -889 

T 110 0.186 
-0.967 0.214 

C 404 0.671 
IL-1β -511 

T 198 0.329 
-1.809 0.103 

C 439 0.729 
IL-1β +3962 

T 163 0.271 
-1.527 0.141 

C 399 0.663 
IL-1R psti1970 

T 203 0.337 
-1.843 0.096 

T 420 0.698 
IL-1RA mspa11100 

C 182 0.302 
-1.691 0.119 

A 502 0.834 
IL-4Rα +1902 

G 100 0.166 
-0.814 0.230 

A 433 0.744 
IL-12 -1188 

C 149 0.256 
-1.438 0.154 

T 259 0.520 
IFNγ utr5644 

A 239 0.480 
-2.127 0.012* 

T 282 0.502 
TGF-β1 cdn10 

C 280 0.498 
-2.152 0.001* 

G 532 0.947 
TGF-β1 cdn25 

C 30 0.053 
0.258 0.414 

A 74 0.123 
TNF-α -308 

G 528 0.877 
-0.443 0.282 

A 27 0.045 
TNF-α -238 

G 575 0.955 
0.343 0.437 

G 191 0.332 
IL-2 -330 

T 383 0.667 
-1.817 0.100 

G 422 0.735 
IL-2 +166 

T 152 0.265 
-1.487 0.147 

G 176 0.308 
IL-4 -1098 

T 396 0.692 
-1.708 0.117 

C 377 0.659 
IL-4 -590 

T 195 0.341 
-1.849 0.095 

C 479 0.837 
IL-4 -33 

T 93 0.163 
-0.779 0.235 

C 182 0.302 
IL-6 -174 

G 420 0.698 
-1.691 0.119 

A 173 0.287 
IL-6 565 

G 429 0.713 
-1.616 0.129 

A 352 0.589 
IL-10 -1082 

G 246 0.411 
-2.067 0.053 

C 435 0.727 
IL-10 -819 

T 163 0.273 
-1.537 0.139 

A 173 0.289 
IL-10 -592 

C 425 0.711 
-1.625 0.128 
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Polymorphism Genotype Observed 
number 

Observed    
frequency 

Expected 
number 

p-value HWP p-value GTHWO 
p-value 

IL-1α -889 
C:C 
C:T 
T:T 

204 
74 
18 

0.689 
0.250 
0.061 

196.2 
89.6 
10.2 

0.579 
0.100 
0.015* 

0.003* 0.006** 

IL-1β -511 
C:C 
C:T 
T:T 

143 
118 
40 

0.475 
0.392 
0.133 

135.6 
132.9 

32.6 

0.523 
0.197 
0.192 

0.052 0.052 

IL-1β +3962 
C:C 
C:T 
T:T 

174 
91 
36 

0.578 
0.302 
0.120 

160.0 
118.9 

22.1 

0.271 
0.011* 
0.003* 

<0.001* <0.001* 

IL-1R psti1970 
C:C 
C:T 
T:T 

133 
133 
35 

0.442 
0.442 
0.116 

132.2 
134.5 

34.2 

0.946 
0.894 
0.895 

0.84 0.898 

IL-1RA 
mspa11100 

C:C 
C:T 
T:T 

30 
122 
149 

0.100 
0.405 
0.495 

27.5 
127.0 
146.5 

0.635 
0.659 
0.837 

0.497 0.499 

IL-4Rα +1902 
A:A 
A:G 
G:G 

212 
78 
11 

0.704 
0.259 
0.037 

209.3 
83.4 

8.3 

0.852 
0.555 
0.350 

0.262 0.297 

IL-12 -1188 
A:A 
A:C 
C:C 

160 
113 
18 

0.550 
0.388 
0.062 

161.1 
110.9 

19.1 

0.932 
0.838 
0.805 

0.741 0.879 

IFNγ utr5644 
A:A 
A:T 
T:T 

64 
111 
74 

0.257 
0.446 
0.297 

57.4 
124.3 

67.4 

0.380 
0.233 
0.418 

0.091 0.100 

TGF-β1 cdn10 
C:C 
C:T 
T:T 

65 
150 
66 

0.231 
0.534 
0.235 

69.8 
140.5 

70.8 

0.570 
0.423 
0.572 

0.257 0.288 

TGF-β1 cdn25 
C:G 
G:G 
C:C 

30 
251 

0 

0.107 
0.893 

0 

28.4 
251.8 

0.8 

0.764 
0.960 

§ 
0.761 1.000 

TNF-α -308 
A:G 
G:G 
A:A 

66 
231 

4 

0.219 
0.768 
0.013 

64.9 
231.5 

4.5 

0.892 
0.971 

§ 
0.888 1.000 

TNF-α -238 
A:G 
G:G 
A:A 

23 
276 

2 

0.076 
0.917 
0.007 

25.8 
274.6 

0.6 

0.583 
0.933 

§ 
0.579 0.111 

IL-2 -330 
G:G 
G:T 
T:T 

27 
137 
123 

0.094 
0.477 
0.429 

31.8 
127.4 
127.8 

0.397 
0.397 
0.672 

0.204 0.236 

IL-2 +166 
G:G 
G:T 
T:T 

162 
98 
27 

0.565 
0.341 
0.094 

155.1 
111.7 

20.1 

0.581 
0.193 
0.125 

0.037* 0.048* 

IL-4 -1098 
G:T 
T:T 
G:G 

174 
111 

1 

0.608 
0.388 
0.004 

121.8 
137.1 

27.1 

<0.001* 
<0.001* 

§ 
<0.001* <0.001* 

IL-4 -590 
C:C 
C:T 
T:T 

95 
187 

4 

0.332 
0.654 
0.014 

124.2 
128.5 

33.2 

0.009** 
<0.001* 

§ 
<0.001* <0.001* 

IL-4 -33 
C:C 
C:T 
T:T 

209 
61 
16 

0.731 
0.213 
0.056 

200.6 
77.9 

7.6 

0.551 
0.558 

0.002** 
<0.001* <0.001* 

IL-6 -174 
C:C 
C:G 
G:G 

25 
132 
144 

0.083 
0.439 
0.478 

27.5 
127.0 
146.5 

0.632 
0.656 
0.836 

0.493 0.588 

IL-6 565 
A:A 
A:G 
G:G 

25 
123 
153 

0.083 
0.409 
0.508 

24.9 
123.3 
152.9 

0.977 
0.980 
0.990 

0.968 1.000 

IL-10 -1082 
A:A 
A:G 
G:G 

70 
212 
17 

0.234 
0.709 
0.057 

103.6 
144.8 

50.6 

0.001* 
<0.001* 
<0.001* 

<0.001* <0.001* 

IL-10 -819 
C:C 
C:T 
T:T 

155 
125 
19 

0.518 
0.418 
0.064 

158.2 
118.6 

22.2 

0.798 
0.555 
0.495 

0.348 0.391 

IL-10 -592 
A:A 
A:C 
C:C 

28 
117 
154 

0.094 
0.391 
0.515 

25.0 
123.0 
151.0 

0.552 
0.592 
0.809 

0.403 0.404 
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Cytokine 
polymorphism Significant LD 

IL-1α -889 IL-1β -511, IL-1β +3962, IL-1RA mspa11100, IL-12 -1188, IL-4 -1098, IL-4 -590 

IL-1β -511 IL-1α -889, IL-1β +3962, IL-1RA mspa11100 

IL-1β +3962 IL-1α -889, IL-1β -511, IL-1RA mspa11100, IL-4 -1098, IL-10 -819 

IL-1R psti1970 TNF-α -308 

IL-1RA mspa11100 IL-1α -889, IL-1β -511, IL-1β +3962 

IL-4Rα +1902 - 

IL-12 -1188 IL-1α -889, TNF-α -308, IL-2 +166 

IFNγ utr5644 - 

TGF-β1 cdn10 TGF-β1 cdn25, IL-2 +166 

TGF-β1 cdn25 TGF-β1 cdn10 

TNF-α -308 IL-1R psti1970, IL-12 -1188, TNF-α -238, IL-2 +166 

TNF-α -238 TNF-α -308, IL-4 -1098, IL-4 -590 

IL-2 -330 IL-2 +166, IL-4 -1098, IL-10 -819 

IL-2 +166 IL-12 -1188, TGF-β1 cdn10, TNF-α -308, IL-2 -330, IL-4 -1098, IL-10 -819 

IL-4 -1098 IL-1α -889, IL-1β +3962, TNF-α -238, IL-2 -330, IL-2 +166, IL-4 -590, IL-10 -1082 

IL-4 -590 IL-1α -889, TNF-α -238, IL-2 +166, IL-4 -590, IL-4 -33, IL-10 -1082 

IL-4 -33 IL-4 -590 

IL-6 -174 IL-6 565 

IL-6 565 IL-6 -174 

IL-10 -1082 IL-4 -1098, IL-4 -590, IL-10 -819, IL-10 -592 

IL-10 -819 IL-1β +3962, IL-2 -330, IL-10 -819, IL-10 -592 
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Haplotypes Test of Neutrality 
Polymorphism 

Haplotype Number Frequency 
EWN 
Fnd 

SEWN 
p of F 

TGF-β1 
CC 
CG 
TG 

30 
250 
282 

0.053 
0.445 
0.502 

-1.520 0.063 

TNF-α 
AG 
GA 
GG 

74 
26 

502 

0.123 
0.043 
0.834 

-0.182 0.424 

IL-2 

GG 
GT 
TG 
TT 

178 
14 

244 
138 

0.310 
0.024 
0.425 
0.240 

-1.650 0.020* 

IL-4  

GCC 
GCT 
GTC 
GTT 
TCC 
TCT 
TTC 
TTT 

163 
8 
4 
1 

202 
4 

110 
80 

0.285 
0.014 
0.007 
0.002 
0.353 
0.007 
0.192 
0.140 

-1.086 0.106 

IL-6 

CA 
CG 
GG 
GA 

172 
9 

420 
1 

0.286 
0.150 
0.698 
0.002 

-0.468 0.397 

IL-10 

ACA 
ACC 
ATA 
ATC 
GCC 

12 
177 
161 

2 
246 

0.020 
0.296 
0.269 
0.003 
0.411 

-1.355 0.062 
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��" ����
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Polymorphism Diplotype Observed 
Observed 
frequency 

Expected p-value 
HWP  

p-value 
GTHWO 
p-value 

TGF-β1 

CC:CG 
CC:TG 
CG:CG 
CG:TG 
TG:TG 
CC:CC 

16 
14 
49 

136 
66 
0 

0.057 
0.050 
0.174 
0.484 
0.235 

0 

13.3 
15.1 
55.6 

125.4 
70.8 

0.8 

0.467 
0.786 
0.376 
0.346 
0.572 

§ 

0.459 0.423 

TNF-α 

AG:GG 
GA:GG 
GG:GG 
AG:AG 
GA:AG 
GA:GA 

66 
24 

206 
4 
0 
1 

0.219 
0.080 
0.684 
0.013 

0 
0.004 

61.7 
21.7 

209.3 
4.5 
3.2 
0.6 

0.585 
0.61 
0.819 

§ 
§ 
§ 

0.439 0.134 

IL-2 

GG:GG 
GG:TG 
GG:TT 
GT:TG 
TG:TG 
TG:TT 
TT:TT 
GT:GG 
GT:TT 
GT:GT 

27 
85 
38 
11 
50 
48 
25 
1 
2 
0 

 
0.094 
0.296 
0.133 
0.058 
0.174 
0.168 
0.087 
0.003 
0.007 

0 
 

27.6 
75.7 
42.8 
6.00 
51.9 
58.7 
16.6 

4.3 
3.4 
0.2 

0.909 
0.283 
0.464 
0.038* 
0.796 
0.164 
0.039* 

§ 
§ 
§ 

0.016* 0.019* 

IL-4 

GCC:GCC 
GCC:TCC 
GCC:TTC 
GCC:TTT 
TCC:TCC 
TCC:TTC 
TCC:TTT 
TTC:TTC 
TTC:TTT 
TTT:TTT 
GCT:TCC 
GCT:GCC 
GCT:TTC 
GCT:TTT 
GCT:GCT 
GTC:TTC 
GTC:GCC 
GTC:TTC 
GTC:TTT 
GTC:GCT 
TCT:TCC 
TCT:GCC 
TCT:TTC 
TCT:TTT 
TCT:GCT 
GTT:TCC 
GTT:GCC 
GTT:TTC 
GTT:TTT 

1 
26 

103 
32 
68 
7 

28 
0 
0 
4 
0 
0 
0 
8 
0 
4 
0 
0 
0 
0 
0 
0 
0 
4 
0 
1 
0 
0 
0 

0.003 
0.091 
0.360 
0.112 
0.238 
0.025 
0.098 

0 
0 

0.014 
0 
0 
0 

0.028 
0 

0.014 
0 
0 
0 
0 
0 
0 
0 

0.014 
0 

0.003 
0 
0 
0 

23.2 
57.6 
31.3 
22.8 
35.7 
38.8 
28.3 
10.6 
15.4 

5.6 
2.8 
2.3 
1.5 
1.1 
0.1 
1.4 
1.1 
0.8 
0.6 
0.1 
1.4 
1.1 
0.8 
0.6 
0.1 
0.4 
0.3 
0.2 
0.1 

<0.001* 
<0.001* 
<0.001* 

0.054 
<0.001* 
<0.001* 

0.962 
0.001* 

<0.001* 
0.500 

§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

<0.001* <0.001* 

IL-6 

CA:CA 
CA:GG 
CG:GG 
GG:GG 
CG:CA 
CG:CG 
GA:GG 
GA:CA 

25 
122 

9 
144 

0 
0 
1 
0 

0.083 
0.405 
0.030 
0.479 

0 
0 

0.003 
0 

24.6 
120.0 

6.3 
146.5 

2.6 
0.1 
0.7 
0.3 

0.931 
0.855 
0.278 
0.836 

§ 
§ 
§ 
§ 

0.261 0.261 

IL-10 

ACC:ACC 
ACC:ATA 
ACC:GCC 
ATA:ATA 
ATA:GCC 
GCC:GCC 
ACA :GCC 

21 
21 

114 
19 
93 
17 
3 

 
0.070 
0.070 
0.381 
0.064 
0.311 
0.057 

26.2 
47.7 
72.8 
21.7 
66.2 
50.6 

4.9 

0.310 
<0.001* 
<0.001* 

0.566 
0.001* 

<0.001* 
§ 

<0.001* <0.001* 
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