Letter to the Editor

The allele frequencies of A  and A, are denoted by p and q,
respectively, and are estimated using the following formulas:

p:(2a+b+d)/(2nl+n2)
q:(b+2c+e)/(2nl+n2)

Then, the expected values for the AA, AA, and A A,
genotypes in the female samples, calculated using the estimated
p and q, are equal to p2, 2pq, and q2, respectively. Finally,
the observed and expected values for the genotypes should be
compared using the chi-squared test. The degree of freedom is 1.

Because the number of X chromosomes differs between
the sexes of the participants, to compare cases with controls (in
case-control studies), participants should be stratified by sex.
However, when allelic frequency is estimated in the manner
described above, it is possible to compare allelic frequencies
(and not genotypic frequencies) between all cases and controls,
regardless of their sex.

Considering that Yaylacioglu Tuncay et al.! included both
sexes among their participants, the reported results should be
interpreted with caution. It is recommended that the authors
present their data on the genotypes of each polymorphism
according to the sex of the participants and reanalyze their data
to address the major issues mentioned above. As emphasized

34,5

elsewhere,’"” the researchers should also show that the frequencies

of the observed genotypes are not significantly different from
their expected frequencies based on HWE. I wish the esteemed
authors all the best in their research.

Ethics
Financial Disclosure: The author declared that this study
received no financial support.
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Reply

First of all, we thank the author for evaluating our article.!
As the author and we pointed out in our article, the Forkhead
box P3 (FOXP3) gene is on the X chromosome. As far as we
know, ten different reports in the literature have investigated
the association between FOXP3 polymorphisms and the

,3,4,5,6,7,8,9,

development of Graves’ disease (GD).? 1011 Seven of those

reports presented the genotype and allele frequencies by pooling

both sexes, 45678

and the rest stratified the participants by
sex and reported the genotype and allele frequencies separately
in females and males.”!®!'! In our article, we aimed to evaluate
the frequency of FOXP3 polymorphisms in GD with or
without ophthalmopathy in a Turkish population.' Since the
number of participants in each group was limited in our study
and there were no corrections for the previously published

. 4
artlcles,z’a’*’s’m’g

we did not stratify the groups by sex and used
the results of polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) directly to analyze genotype
and allele frequencies.! In the PCR-RFLP method, the results
were shown by band patterns and those patterns do not indicate
whether the sample had one or two alleles of the gene of interest.
Additionally, using the same analysis method, we could compare
our results with those seven reports that did not stratify the
groups by sex.

However, as mentioned by the author, as males have one
and females have two X chromosomes, the genotypic patterns
differ between the two sexes. There are three genotypes (two
homozygotes and one heterozygote) in females but only two
hemizygous genotypes in males. Therefore, it will be better to
stratify the groups by sex and define the genotype and allele
frequencies separately in females and males for X-linked genes.
Moreover, the author emphasized the importance of comparing
the observed and expected genotypic values based on Hardy-
Weinberg equilibrium (HWE) in his letter and explained the
formula for an X-linked polymorphic locus. According to the
concerns reported by the author, in this reply, we reported our
additional analysis by stratifying the groups by sex as shown in
Tables 1, 2, 3, and 4.

Firstly, we did the HWE analysis in both the controls and
study groups, as suggested by the author. The frequencies of the
observed genotypes were not significantly different from their
expected frequencies based on HWE for all single nucleotide
polymorphisms (SNPs) in female control groups (153761547,
p=0.926; rs3761548, p=0.881; and rs3761549, p=0.926).
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Table 1. Genotypic and allelic distribution of FOXP3 SNPs in female study and control groups

p— Gty (v e Jonoman
rs3761548

-3279 C/A

cC 39(57%) 30 (23%) - 1.0°

AC 26 (38%) 74 (57%) <0.0001 3.7 (1.9-7.1)
AA 3(5%) 26 (20%) <0.0001 11.26 (3.1-40.8)
Allele

C 104 (76%) 134 (51%) - 1.0°

A 32 (24%) 126 (49%) <0.0001 3.05 (1.9-4.8)
rs3761549

-2383 C/T

CcC 58 (85%) 89 (68%) - 1.0°

CT 10 (15%) 35 (27%) 0.03 2.28 (1.04-4.9)
TT 0(0%) 6(5%) - -

Allele

C 126 (93%) 210 (81%) - 1.0°

T 10 (7%) 50 (19%) <0.0001 3(1.4-6.1)
rs3761547

-3499 AIG

AA 58 (85%) 103 (79%) - 1.0°

AG 10 (15%) 26 (20%) 0.34 1.4 (0.65-3.24)
GG 0 1(1%) - -

Allele

A 126 (93%) 232(89 %) - 1.0°

G 10 (7%) 28 (11%) 0.27 1.5(0.71-3.23)

“The first allele or genotype (CC for -3279 C/A, CC for -2383 C/T, AA for -3499 A/G) is considered the reference value. SNP: Single nucleotide polymorphism, GO: Graves” ophthalmopathy,
OR: Odds ratio, n: Number, CI: Confidence interval. Frequencies of genotypes and alleles were compared using chi-square test. Bold values indicate statistical significance

Table 2. Genotypic and allelic distribution of FOXP3 SNPs in non-GO and GO female patients

Genotype Non-GO GO p value (95% CID)
n=56 n=74

-3279 C/A

CC 10 (17.9%) 17 (23.0%) 0.47 1.38(0.5,3.2)

AC 34 (60.7%) 40 (54.0%) 0.44 0.8 (0.38, 1.5)

AA 12 (21.4%) 17 (23.0%) 0.84 1.09 (0.4, 2.5)

Allele 0.77 1.07 (0.65, 1.7)

A 54 (48.2%) 74 (50%)

C 58 (51.8%) 74 (50%)

-2383 C/T

CC 42 (75.0%) 47 (63.5%) 0.16 0.58(0.26, 1.25)

CT 10 (17.9%) 25 (33.8%) 0.06 2.4(0.98,5.41)

TT 4(7.1%) 2(2.7%) 0.07 0.24(0.05, 1.24)

Allele 0.46 0.78 (0.42, 1.50)

© 94 (81.0%) 119(80.4%)

T 18 (19.0 %) 29(19.6%)

-3499 A/G

AA 44 (78.6%) 59 (79.7%) 0.52 1.1 (0.46, 2.52)

AG 12 (21.4%) 14 (18.9%) 0.71 0.86(0.36, 2.02)

GG 0 1(1.4%) - -

Allele 0.57 0.99 (0.4, 2.19)

A 100 (86.2%) 132 (89.2%)

G 12 (13.8%) 16 (10.8%)

SNP: Single nucleotide polymorphism, GO: Graves’ ophthalmopathy, OR: odds ratio, n: number, CI: confidence interval. Frequencies of genotypes and alleles were compared using chi-square test

248




Letter to the Editor

Table 3. Allelic distribution of the male study and control groups

Allele Control group Study group (non-GO/GO) pvahie OR (95% CI)
n=32 n=44

rs3761548

@ 27 (84%) 20 (45%) - 1.0°

A 5 (16%) 24 (55%) <0.0001 6.8(2.1-19)

rs3761549

@ 30 (94%) 42(95%) - 1.0*

T 2 (6%) 2(5%) 0.74 2.3(1.2-4.2)

rs3761547

A 30 (94%) 44 (100%) - -

G 2(6%) 0(0%) - -

“The first listed allele is considered the reference value. GO: Graves’ ophthalmopathy, OR: Odds ratio, n: Number, CI: Confidence interval. Frequencies of alleles were compared using chi-square
test. Bold values indicate statistical significance

Table 4. Allelic distribution of the study and control groups regardless of their sex

Allele ﬁg?&o Lgroup flt:;io);g'oup (non-GO/GO) p value OR (95% CD
rs3761548

@ 131 (78%) 154 (51%) - 1.0*

A 37 (22%) 150 (49%) <0.0001 3.4(2.24-5.2)
rs3761549

C 156 (93%) 252 (83%) = 1.0*

T 12 (7%) 52 (17%) 0.0025 23(1.24.2)
rs3761547

A 156 (93%) 276 (91%) - 1.0*

G 12 (7%) 28 (9%) 0.43 1.31 (0.65-2.67)
“The first listed allele is considered the reference value. GO: Graves ophthalmopathy, OR: Odds ratio, n: Number, CI: Confidence interval. n=2 x number of females + number of males. Frequencies
of alleles were compared using chi-square test. Bold values indicate statistical significance

Secondly, when the groups were stratified by sex, we found
that the frequency of the AC and AA genotypes of -3279
(rs3761548) and the CT genotype of -2383 (rs3761549) were
significantly increased in our female study group (Table 1).
Additionally, the A allele of -3279 had a significantly increased
frequency both in the female (Table 1) and male study groups
(Table 3) when compared separately or when compared between
controls and patients regardless of sex (Table 4). The frequency
of the T allele of -2383 was significantly increased both in our
female study group when compared separately (Table 1) and in
the whole study sample when compared regardless of sex (Table
4). However, the frequency of the T allele of -2383 was not
significantly increased in our male study group when compared
separately (Table 3). For polymorphism -3449 (rs3761547),
allele and genotype frequency distribution were not significantly
different in any comparisons between the control and study
groups (Table 1, Table 3, and Table 4).

Thirdly, comparing the genotypic and allelic distributions
of each of the three FOXP3 SNPs between female patients with
Grave’s ophthalmopathy (GO) and GD without ophthalmopathy

(non-GO) showed no statistically significant difference (Table 2).

Consequently, the results in our published article and the
analysis made by stratifying the participants by sex were similar.
However, as the author emphasized in his letter, polymorphic
loci on X-chromosome should be analyzed differently than
the loci on autosomal chromosomes. Therefore, his letter and
our reply will be helpful for researchers who will investigate
associations with X-linked polymorphic loci.

Ethics

Authorship Contributions

Surgical and Medical Practices: K.S.C., B.T., OK,
Concept: EY.T., K.S.C,, SSGE., OK.,, Design: EY.T., KS.C,,
S.G.E., OK., Data Collection or Processing: EY.T., K.S.C.,,S.G.E.,
Analysis or Interpretation: EY.T., KS.C., S.G.E., Literature
Search: EY.T., K.S.C., Writing: EY.T., K.S.C,, S.G.E.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

249



10.

11.

Turk J Ophthalmol 54; 4: 2024

References

Yaylacioglu Tuncay F Serbest Ceylanoglu K, Giintekin Ergiin S, Ergiin G,
Konuk O. The Role of FOXP3 Polymorphisms in Graves’ Disease with or
without Ophthalmopathy in a Turkish Population. Turk J Ophthalmol.
2024;54:69-75.

Yu M, Tan X, Huang Y. Foxp-3 variants are associated with susceptibilityto
Graves’ disease in Chinese population. Eur J Inflamm. 2017;15:113-119.
Zheng L, Wang X, Xu L, Wang N, Cai P, Liang T, Hu L. Foxp3 gene
polymorphisms and haplotypes associate with susceptibility of Graves’ disease
in Chinese Han population. Int Immunopharmacol. 2015;25:425-431.

Tan G, Wang X, Zheng G, Du J, Zhou E Liang Z, Wei W, Yu H. Meta-
analysis reveals significant association between FOXP3 polymorphisms and
susceptibility to Graves’ disease. ] Int Med Res. 2021;49:3000605211004199.
Shehjar E, Afroze D, Misgar RA, Malik SA, Laway BA. Association of FoxP3
promoter polymorphisms with the risk of Graves” disease in ethnic Kashmiri
population. Gene. 2018;672:88-92.

Fathima N, Narne P, Ishaq M. Association and gene-gene interaction analyses
for polymorphic variants in CTLA-4 and FOXP3 genes: role in susceptibility
to autoimmune thyroid disease. Endocrine. 2019;64:591-604.

Inoue N, Watanabe M, Morita M, Tomizawa R, Akamizu T, Tatsumi K,
Hidaka Y, Iwatani Y. Association of functional polymorphisms related to
the transcriptional level of FOXP3 with prognosis of autoimmune thyroid
diseases. Clin Exp Immunol. 2010;162:402-406.

Li HN, Li XR, Du YY, Yang ZF, Lv ZT. The Association Between Foxp3
Polymorphisms and Risk of Graves’ Disease: A Systematic Review and Meta-
Analysis of Observational Studies. Front Endocrinol (Lausanne). 2020;11:392.
Owen CJ, Eden JA, Jennings CE, Wilson V, Cheetham TD, Pearce SH.
Genetic association studies of the FOXP3 gene in Graves' disease and
autoimmune Addison’s disease in the United Kingdom population. J Mol
Endocrinol. 2006;37:97-104.

Bossowski A, Borysewicz-Sanczyk H, Wawrusiewicz-Kurylonek N, Zasim
A, Szalecki M, Wikiera B, Barg E, MySliwiec M, Kucharska A, Bossowska
A, Goscik J, Ziora K, Gérska M, Kretowski A. Analysis of chosen
polymorphisms in FoxP3 gene in children and adolescents with autoimmune
thyroid diseases. Autoimmunity. 2014;47:395-400.

Tan G, Zheng G, Li J, Zhu Y, Liang Z, Li H, Yu H, Wang X. Association of
genetic variations in FoxP3 gene with Graves’ disease in a Southwest Chinese
Han population. Immun Inflamm Dis. 2023;11:e1046.

250

@ Fulya Yaylacioglu Tuncay!,

@ Kiibra Serbest Ceylanoglu2,

® Sezen Giintekin Ergiin3,

® Bergin Tarlan4, ® Onur Konuk4

"University of Health Sciences Tiirkiye, Giilhane Faculty of
Medicine, Department of Medical Biology, Ankara, Tiirkiye
University of Health Sciences Tiirkiye, Ulucanlar Eye
Training and Research Hospital, Clinic of Ophthalmology,
Ankara, Tiirkiye

*Hacettepe University Faculty of Medicine, Department of
Medical Biology, Ankara, Tiirkiye

Gazi University Faculty of Medicine, Department of
Ophthalmology, Ankara, Tiirkiye

Cite this article as: Yaylacioglu Tuncay F, Serbest Ceylanoglu K, Giintekin
Ergiin S, Tarlan B, Konuk O. Reply to Letter to the Editor Re: How to Estimate
Allele Frequencies and Make Statistical Comparisons in Case-Control Studies of
Polymorphic X-Linked Loci.
Turk ] Ophthalmol. 2024;54:247-250

Address for Correspondence: Fulya Yaylacioglu Tuncay, University of Health
Sciences Tiirkiye, Giilhane Faculty of Medicine, Department of Medical Biology,
Ankara, Tiirkiye
E-mail: drfulyatuncay@gmail.com ORCID-ID: orcid.org/0000-0002-2088-3416
Received: 24.07.2024 Accepted: 03.08.2024

DOI: 10.4274/tjo.galenos.2024.50430



https://orcid.org/0000-0002-2088-3416
https://orcid.org/0000-0001-8511-7504
https://orcid.org/0000-0002-7133-5049
https://orcid.org/0000-0001-5800-5451
https://orcid.org/0000-0003-0948-9087

