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Problem

We have previously demonstrated the presence of naturally occurring
antibodies against follicle-stimulating hormone (FSH) in patients with
endometriosis and polycystic ovary syndrome (PCOS). Here, we investi-
gated the parameters associated with anti-FSH antibodies in in vitro fer-
tilization (IVF) patients.

Methods of study

The following parameters were studied in 135 patients: peripheral FSH
levels, FSH B-subunit gene (FSHB) haplotypes, history of previous IVF,
and susceptibility to autoimmune reactions in general [seven common
autoantibodies (against nuclear antigens on human and rodent sub-
strates, smooth muscle, gastric parietal cells, B2-glycoprotein I, cardioli-
pin, and thyroid peroxidase) and HLA-DQBI alleles].

Results

Although the anti-FSH levels were higher in patients when compared
with controls, those higher levels were not associated with FSHB haplo-
types. The anti-FSH IgM associated with (i) the levels of FSH in women
with male and tubal factor infertility; (ii) the history of IVF in patients
with PCOS, endometriosis, and unexplained infertility; and (iii) the pro-
duction of common autoantibodies among all IVF patients. The anti-FSH
IgA associated with HLA-DQBI*03. The anti-FSH IgG correlated with the
values of anti-FSH IgA and IgM.

Conclusion

Anti-FSH may be naturally occurring antibodies associated with periph-
eral FSH concentrations, but increased in infertile women with dysregu-
lation of immune reactions and repeatedly performed IVF.
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Introduction

Autoimmune mechanisms are involved in different
forms of female infertility.' Additionally, there is evi-
dence of activation of the immune system after sem-
inal contact’ and production of pregnancy-favoring
antibodies.>™

Autoimmunity is associated with a dysbalance of
various components of the immune response and
with the development of autoantibodies directed
against normal host antigens. The susceptibility to
autoimmune reactions is regulated at several levels.®
The proliferation of mature T-lymphocytes in
response to either self- or foreign antigenic stimuli is
affected by the nature and strength of antigenic lig-
and-MHC stimulation.®” HLA class II molecules influ-
ence the stability of the antigenic-peptide-HLA
complex in an allele-specific manner affecting the
induction of central tolerance.® As revealed by the
studies on anti-insulin autoimmunity in the murine
models of diabetes, the stimulation provided by anti-
genic ligand-MHC stimulation could also be modula-
ted by genetic variations of the insulin gene,
potentially influencing the gene expression in the
thymus.®® Tissue-specific autoimmunity appears to
be additionally dependent on local factors, including
infection-related tissue damage, ® iatrogenic manipula-
tions,'® and the level of autoantigen in periphery.'*!?
Thus, the expansion of cells responding to low-affinity
ligands (self-antigen) or anomalies in the deletion of
high-affinity autoreactive T cells can lead to autoim-
mune reactions.” Female infertility with various etiol-
ogies such as endometriosis, polycystic ovary
syndrome (PCOS) or unexplained infertility, together
with repeatedly unsuccessful in vitro fertilization (IVF)
attempts has been characterized by immunological
alterations as well as with an increased production of
multiple autoantibodies.’!*'*'* We have previously
shown that there are naturally occurring antibodies
against follicle-stimulating hormone (FSH), which
are, however, predominantly present in patients with
endometriosis and PCOS."'® The intriguing question of
what associates the production of anti-FSH antibodies
and female infertility stems directly from this context.

Here, our objective was to study putative predictive
parameters associated with higher production of anti-
FSH antibodies in women with different causes of
infertility, mainly focusing on (i) peripheral FSH levels;
(ii) polymorphisms of the FSH B-subunit gene (FSHB),
which codes for the receptor-binding and hormone
specificity determining subunit; (iii) history of ovarian
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punctures in previous IVF attempts; and (iv) the gen-
eral propensity to develop autoimmune reactions.

Methods

Patients

The Ethics Committee of the University of Tartu
approved the study and informed consent was
obtained from all participants after the nature of the
study was explained to them. The study group con-
sisted of 135 women (mean age 34.0, S.D.=
4.8 years old) who were planning IVF at Nova Vita
Clinic (Harjumaa, Estonia) between July 2004 and
October 2005. The causes of infertility were as fol-
lows: tubal factor infertility (# = 56), male factor
infertility (n = 30), PCOS (n = 21), endometriosis
(n = 12), unexplained infertility (# = 11) and infer-
tility due to the other reasons (nz = 5). Among the
IVF patients, 65.9% (n = 89) women were starting
their first IVF procedure, while 19.3% (n = 26),
8.1% (n=11) and 6.7% (n =9) patients had
already undergone 1, 2 and 3 or more IVF attempts,
respectively. Serum and EDTA-collected peripheral
blood samples were obtained from all participants
between day 3 and 5 of the spontaneous menstrual
cycle before starting the ovarian stimulation with
exogenous FSH. In addition, none of the patients
participating in this study had received non-IVF FSH
treatment before entering the study. The pregnancy
rate (positive chorionic gonadotropin test) and clin-
ical pregnancy rate per embryo transfer were 40.3%
(50/124) and 29.8% (37/124), respectively.

Endometriosis and PCOS were diagnosed as repor-
ted elsewhere.!® Tubal factor infertility due to occlu-
sion of the fallopian tubes was diagnosed either by
hysterosalpingography or diagnostic laparoscopy.'®
The main cause for tubal occlusion was an episode of
pelvic inflammatory disease. A couple was diagnosed
to have male factor infertility when the woman was
lacking any reason for infertility, while her partner
experienced decreased semen quality.'” Other causes
for infertility were endometrial hyperplasia, myoma
uteri, and ovulatory dysfunction. Unexplained infer-
tility was assumed if a woman was lacking any of the
abovementioned reasons for infertility and her part-
ner was shown to have normal semen quality, but the
couple had experienced infertility of >1 year.

Serum samples from the healthy female blood
donors (n = 85, mean age 44.9, S.D. = 10.7 years
old) were collected as described elsewhere.'®
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PREDICTORS OF ANTI-FSH ANTIBODIES

Detection of Anti-FSH and Common
Autoantibodies

Indirect ELISA with purified FSH (Fostimon® 75,
IBSA, Pambio-Noranco, Switzerland) as antigen was
used to detect separately anti-FSH antibodies of
immunoglobulin (Ig) G, IgA and IgM isotypes, with
an adapted protocol derived from our previous
study.'®> Polystyrene 96-well plates (MaxiSorp™,
Nunc, Roskilde, Denmark) were coated with 18 ng/
mL FSH (Fostimon®; IBSA) solution in carbonate-
bicarbonate buffer (40 mm Na,COs, 60 mm NaHCOs,
pH 9.6), at 100 pL per well. Plates were incubated for
48 hr at +4°C, washed with borate buffered saline
(BBS, 200 mm H5BOs;, 75 mm NaCl, pH 8.4) and
blocked with 5% bovine serum albumin (Sigma, Saint
Louis, MO, USA) in 0.5% Tween-20 in BBS (blocking
butffer) for 1 hr at +37°C. The plates were divided into
three sections for each antibody subclass and serum
samples dilutions of 1:100 in blocking buffer were
added, followed by incubation for 0.5 hr at +37°C.
Horseradish peroxidase-conjugated rabbit anti-human
IgG, IgA and IgM (Dako, Glostrup, Denmark) were
diluted 1:1000 (IgA and IgM) and 1:5000 (IgG) in
blocking buffer, distributed as 100 pL per well, fol-
lowed by incubation for 1 hr at +37°C. The plates
were washed three times after each incubation step.
Color was developed by adding 100 pL/well of the
substrate 3,3%,5,5'-tetramethylbenzidin (Sigma, St
Louis, MO, USA) 0.1 g/L in 0.1 m acetate-citrate buf-
fer (80 mm C,H50,Na, 30 mm CqHgO, H,O, 1 mm
EDTA-Na,, pH 4.5), and blocked after 10 min with
50 uL/well 2 N H,SO,4. The optical density (OD) at
690 nm was subtracted from OD at 450 nm, and the
difference was recorded as signal. Antibody levels
were expressed as optical density (OD) ratios to the
internal calibrator, calculated as follows — [(IgG, IgA
or IgM sample mean OD - IgG, IgA or IgM blank OD)/
(IgG, IgA and IgM calibrator median OD - IgG, IgA or
IgM blank OD)]. The control wells contained all the
assay components but the serum sample. The internal
calibrator was a pool of sera from 200 healthy fertile
women used routinely in clinically available tests.
Indirect immunofluorescence was used to assess
common autoantibodies to nuclear antigens (ANA-H
and ANA-R on human and rodent substrates,
respectively), smooth muscle (SMA) and gastric pari-
etal cells (PCA). Results were considered positive
for samples showing reactions starting from low
titers (higher than 1:10)."> In-house ELISA was
used to detect antibodies against B2-glycoprotein
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I (B2-GPI)"? and cardiolipin (ACA)'® with the results
expressed in enzyme-immunological units. Antibod-
ies against thyroid peroxidase (anti-TPO) were detec-
ted using the ImmunoCAP technology according to
the manufacturer’s instructions (UniCAP, Phadia OY,
Finland). Results were expressed as negative or pos-
itive. The presence of common autoantibodies was
defined when a patient presented reactivity to at
least one of the seven autoantigens investigated.

Genotyping of FSHB and HLA-DQBI1

Haplotypes of the FSHB gene were detected by restric-
tion fragment length polymorphism analysis of the
haplotype tagging single nucleotide polymorphisms
(SNP) of FSHB: +1234 C/A (rs594982) and +1736 C/T
(rs6169).'° Haplotype no. 1 (HAP1) was determined
by the presence of +1234 C and +1736 T, and haplo-
type no. 13 (HAP13) consisted of +1234 A and +1736
C alleles.'"” HLA-DQBI typing for *02, *03 (0301 or
0302), *06 (0602 or 0603) or X as a non-defined allele
was performed using hybridization of lanthanide-
labeled allele-specific oligonucleotide probes with the
PCR-amplified gene product (Delfia®; Wallac, Perkin-
Elmer Life Sciences, Boston, MA, USA).?°

Statistical Analyses

The R2.3.1 A Language and Environment (Free Soft-
ware Foundation, Boston, MA, USA) was used for
t-test, proportion test, Pearson’s linear correlation,
linear regression and logistic regression. The blood
donors participated as a reference group in the com-
parisons of anti-FSH antibody values between the
IVF patients and the healthy women. The associa-
tions between anti-FSH antibodies and predicting
parameters were further studied within the IVF
patients. In addition, IVF patients with PCOS, endo-
metriosis, unexplained and other causes of infertility
(PEU) were studied separately from the women with
male and tubal factor infertility (MTF). P-values
<0.05 were considered statistically significant.

Results
Anti-FSH Antibodies in IVF Patients Compared
with Healthy Women

The mean levels (xS.D.) of anti-FSH antibodies in
the IVF patients and the healthy controls are shown
in Table I. Linear regression analysis adjusted by the
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Table I The levels of anti-follicle-stimulating hormone (FSH) antibodies in in vitro fertilization (IVF) patients and controls

Anti-FSH 1gG Anti-FSH 1gA Anti-FSH 1gM
Group (n) Age (years) (P-value)  Value® r (P-value)® Value® r (P-value)® Value? r (P-value)®
MTF (86) 34.0 + 4.6 (<0.0001)  0.79 + 0.73  0.29 (0.006) 0.71 +0.39  0.23 (<0.001) 2.68 +1.14 0.66 (<0.001)
Tubal factor (56) 34.0 + 4.2 (<0.0001) 0.69 + 0.62  0.19 (0.071) 0.67 + 033 0.19 (0.001) 2.61 + 1.02 0.61 (0.004)
Male factor (30) 34.2 + 5.2 (<0.0001)  0.96 + 0.88 0.46 (<0.001) 0.79 + 0.47 0.31 (<0.0001) 2.82 + 1.34 0.82 (0.001)
PEU (49) 33.9 + 5.2 (<0.0001)  0.71 + 0.48  0.19 (0.021) 0.62 + 0.23  0.13 (0.006) 2.55 + 1.01 0.49 (0.019)
PCOS (21) 32.1 + 4.5 (<0.0001) 058 + 0.22  0.08 (0.578) 0.62 + 0.23  0.15 (0.072) 2.55 +0.70 0.54 (0.052)
Endometriosis (12)  34.0 + 4.7 (<0.0001)  0.81 + 0.38  0.30 (0.082) 0.72 +0.17  0.23 (0.016) 3.07 + 1.51 1.07 (0.002)
Unexplained (11) 35.6 + 5.4 (<0.0001)  0.92 + 0.85 0.42 (0.021) 0.56 + 0.27  0.08 (0.444) 2.38 +0.72 0.39 (0.268)
Other causes (5) 36.7 + 6.2 (<0.0001) 056 + 0.20  0.07 (0.792) 0.51 +0.20  0.02 (0.900) 1.68 + 0.50 —0.31 (0.530)
Total (135) 34.0 + 4.8 (<0.0001)  0.76 + 0.65  0.26 (0.006) 0.68 + 0.34  0.20 (<0.001) 2.63 + 1.09 0.63 (<0.001)
Controls (85) 449 + 10.8 0.49 + 0.31 Reference 0.52 + 0.23  Reference 1.96 + 0.99 Reference

age of women revealed significantly higher values of
anti-FSH antibodies in all IVF patients or separately
in PEU or in MTF groups compared with the refer-
ence group. The age of woman was not significantly
associated with the level of any type of anti-FSH.
The values of anti-FSH antibodies did not differ
between the IVF patients with PEU and MTF, as
revealed from age adjusted logistic regression model
[adjusted odds ratios (ORs) for IgG 0.89, P = 0.703,
IgA 0.44, P = 0.168 and IgM 0.94, P = 0.724].

The levels of anti-FSH IgG were in good correla-
tion with the levels of anti-FSH IgA and IgM (Pear-
son’s correlation coefficients 0.31, P = 0.004 and
0.22, P = 0.046, respectively) among the reference
group, but not among the IVF patients with PEU or
MTF (data not shown). Anti-FSH IgA was not corre-
lated with anti-FSH IgM among any of the study
groups (data not shown).

Relationship Between Anti-FSH Antibodies and
FSHB Haplotypes

The distribution of FSHB core haplotypes among IVF
patients was as follows: 23.4% were homozygous for
HAP1, 45.3% were HAPI/HAPI3 and 31.3% were
homozygous for HAP13. The logistic regression
model adjusted by the age was unable to detect any
significant association between FSHB haplotypes and
different anti-FSH autoantibodies within the group
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Data are presented in means + S.D. IVF patients with PCOS, endometriosis, unexplained and other causes of infertility (PEU) were studied
separately from the women with male and tubal factor infertility (MTF).

“Antibody values are expressed as a sample optical density (OD) ratio to the pool OD.

BStudy groups were compared with the controls by using age adjusted linear regression models (r, regression coefficient) and P < 0.05 with
Bonferroni correction was considered as statistically significant difference.

of all IVF patients (adjusted ORs for IgG 0.88, P =
0.669, IgA 1.55, P = 0.497 and IgM 0.92 P = 0.647)
or if PEU and MTF patients were studied separately
(data not shown).

Association Between anti-FSH Antibodies and
Peripheral FSH Levels

Mean (+ S.D.) peripheral level of FSH at the early
follicular phase of the menstrual cycle was
8.73 + 4.69 TU/L. The linear regression model adjus-
ted by age could not detect any significant associ-
ation between the levels of anti-FSH antibodies and
that of FSH hormone within the group of all IVF
patients (data not shown) and separately in the
group of PEU [regression coefficients (r) for IgG
0.36, P=0.814, IgA -0.17, P=0.961 and IgM
—1.01, P = 0.248]. However, in the group of MTF,
the linear regression adjusted by the age and the
previous IVF attempts showed positive correlation
between the level of peripheral FSH and anti-FSH
IgM (r=0.71, P =0.043) and also tended to be
associated with anti-FSH IgG (r = 1.04, P = 0.058),
but not with anti-FSH IgA (r = —0.64, P = 0.532).
At the same time, the level of peripheral FSH was
slightly but insignificantly lower in the patients of
MTF compared with the women with PEU
(8.31 = 4.51 and 9.55 + 4.92 IU/L, respectively, t-test
P = 0.064).
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Effect of Previous IVF Attempts on Anti-FSH
Antibodies

The age-adjusted logistic regression model was used
to evaluate the association between anti-FSH auto-
antibodies and the previous IVF attempts. This model
showed no significant relationship between the pre-
viously performed multiple IVF procedures and anti-
FSH antibodies among all IVF patients (data not
shown) or separately in the group of MTF (adjusted
ORs for IgG 1.04, P = 0.902, IgA 0.75, P = 0.677
and IgM 0.91, P = 0.669). However, the history of
previous IVF treatments was positively associated
with the level of anti-FSH IgM (adjusted OR 2.96,
P = 0.017) but not with anti-FSH IgA or IgG (adjus-
ted ORs 0.61, P=0.763 and 0.29, P = 0.403,
respectively) in the group of PEU. On the average,
patients with MTF had undergone more of previous
IVF procedures than patients with PEU (mean num-
ber + S.D. of IVF attempts were 0.7 +1.0 and
0.4 £ 0.7, t-test P = 0.026).

Production of Anti-FSH in Association with the
General Propensity to Autoimmune Reactions

Potential susceptibility of patients to autoimmunity
was assessed by the presence of common autoanti-
bodies in low titers in relation to the HLA-DQBI
alleles. Among the IVF patients, 43.3% carried at
least one allele of the HLA-DQ BI1*03 class (0301
and/or 0302) and 37.0% had at least one allele of
the HLA-DQBI*06 class (0602 and/or 0603). The pre-
valence of common autoantibodies among IVF
patients with different causes of infertility is shown
in Table II, representing separate autoantibodies as
follows: ANA-H 13.2%, ANA-R 12.4%, anti-TPO
11.0%, SMA 8.8%, B2-GPI 8.1%, ACA 7.4% and
PCA 3.6%.

To study the associations between the level of
anti-FSH antibodies and the presence of common
autoantibodies, we used the linear regression analy-
sis adjusted by the age and HLA-DQBI*03 and *06
allele. Anti-FSH IgA levels were positively associated
with the presence of the HLA-DQBI*03 allele among
all IVF patients (r = 0.44, P = 0.034) and separately
in PEU patients (r = 0.17, P = 0.022), but not in
MTE patients (r = 0.13, P = 0.152). The levels of
anti-FSH IgM were in strong positive correlation
with the production of other autoantibodies among
all TVF patients (data not shown) and separately in
MTE (r = 0.70, P = 0.011) but not in patients with
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PREDICTORS OF ANTI-FSH ANTIBODIES

Table Il The presence of common autoantibodies among
in vitro fertilization (IVF) patients

Prevalence of autoantibody-positive?,

IVF patient groups (n) n (%, 95% confidential interval)

MTF (86)
Tubal factor (56)
Male factor (30)
PEU (49)

30 (34.9, 25.1-46.0)

18 (32.1, 20.6-46.1)

12 (40.0, 23.2-59.2)

24 (49.0, 34.6-63.5)"
PCOS (21) 9 (42.9, 22.6-65.6)
Endometriosis (12) 7 (58.3, 28.6-83.5) B
Unexplained infertility (11) 4 (36.4, 12.4-68.4)
Other causes (5) 4 (80.0, 30.0-98.9) & €

Total (135) 54 (40.0, 31.8-48.9)

“Antibody-positivity was determined when a patient presented at
least one of seven (ANA-R, ANA-H, SMA, PCA, ACA, B2-GPI and
anti-TPO) autoantibodies measured. IVF patients with PCOS,
endometriosis, unexplained and other causes of infertility (PEU)
were studied separately from the women with male and tubal
factor infertility (MTF). Statistically significant difference com-
pared with the MTF (A), the tubal (B) or to the male factor (C)
infertility (proportion test, P < 0.05).

PEU (r =0.14, P = 0.678). The model could not
reveal significant associations between anti-FSH IgG
antibodies and the presence of common autoanti-
bodies or HLA-DQBI1*03/*06 alleles among all IVF
patients and neither separately in PEU nor in MTF
(data not shown).

Discussion

The current complex study on the associations of
multiple parameters potentially involved in infertility
helped to identify the putative factors favoring the
emergence of anti-FSH antibodies in IVF patients.
Our results revealed higher values of anti-FSH
IgG, IgA and IgM antibodies in the infertile patients
compared with the reference group in an age-inde-
pendent fashion. However, the differences in anti-
body values between the patients and the control
group were statistically relevant but still rather small,
meaning that these antibodies were also common
among healthy women and could therefore merely
represent examples of naturally occurring antibodies.
These data support our previously published results'’
despite of (1) the use of a different antigen source in
the detection of anti-FSH antibodies; and (2) differ-
ent selection of patients. Our previous study inclu-
ded patients with endometriosis or PCOS instead of
infertile patients with different etiologies appointed
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to IVF treatment. Although the current study group
consisted of infertile women who were indicated for
IVF, the serum samples were obtained before the
administration of exogenous FSH. Thirty-four per
cent of patients had had at least one previous IVF
procedure, but at least 3 months had past since the
last FSH ovarian stimulation. The further analysis
demonstrated no significant differences in anti-FSH
antibody levels between the combined groups of
patients with tubal and male factor infertility com-
pared with the women with PCOS, endometriosis,
unexplained infertility and female infertility due to
the other causes. These data together indicate that
infertility itself, rather than the cause of infertility,
could be a predictive factor for the emergence of
anti-FSH antibodies.

Female infertility has been shown to be associated
with a higher occurrence of autoantibod-
ies. 110111314 Except disease-specific autoantibodies
described in case of endometriosis,?'** autoantibod-
ies detected in infertile patients''%!"'?>!* are usually
not specific to infertility or to the gynecological dis-
eases leading to infertility. Thus, a general immune
dysbalance and activation of autoimmune processes
are expected to be characteristic for female infertil-
ity.>> Here we assessed a potential susceptibility of
patient to autoimmunity by the presence of at least
one of seven common autoantibodies in relation to
the HLA-DQBI alleles. We demonstrated that anti-
FSH IgM were associated with the production of
common autoantibodies in IVF patients. Our results
along the ones from the literature discussed above
indicate, that the production of anti-FSH IgM could
be related to a general propensity to autoimmunity
in infertile women.

The female infertility has often been studied in the
context of IVF. The follicular puncture performed in
IVF, in particular, can induce the production of anti-
ovarian antibodies (AOA).'° Patients with AOA have
often antibodies against FSH, as one of the major
autoantigen for the pool of autoantibodies forming
AOA.?* In concordance with these data, we showed
that the level of anti-FSH IgM was higher in the
patients who had undergone previous IVF proce-
dures. The association was revealed among IVF
patients who were suffering from PCOS, endometri-
osis, unexplained infertility and infertility due to the
other causes, but not among the women with tubal
or male factor infertility. These results encourage us
to speculate, that repeatedly performed ovarian
punctures do not enhance anti-ovarian autoimmunity
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unless a patient’s infertility is caused by the diseases
associated with disturbances in immune regula-
tion. 19111314 However, simply based on the associ-
ation study performed here, we cannot substantiate
whether the antibodies themselves may cause the
need for multiple IVF procedures, or alternatively,
the use of IVF procedure per se may enhance the
production of anti-FSH.

In our study, the production of anti-FSH IgM
antibodies was also associated with peripheral FSH
hormone levels (i.e. with the amount of hormone
produced), but only among IVF patients with tubal
and male factor infertility. However, several condi-
tions have been reported where the production of
autoantibodies is associated with the elevated level
of autoantigen, such as elevated FSH levels and
AOA in premature menopause.'! Similarly, autoan-
tibodies and insulin levels in pancreatic B cells are
correlated in murine autoimmune diabetes mod-
els.'> In the current study, the level of FSH
remained between the reference values for the
majority of patients, with only five patients (3.7%)
having FSH level above the reference value
(>21.7 TU/L). Moreover, the anti-FSH IgM was cor-
related with the level of peripheral FSH in the
patients with rather lower level of hormone and
infertility caused by other than immune system
dysregulation — the patients with tubal and male
factor infertility. These results support our idea of
anti-FSH antibodies being the primarily naturally
occurring antibodies. This hypothesis is further sup-
ported by the discussion provided by Thomas
(2001) who concluded that physiological hormone
levels remain below a critical threshold for the sti-
mulation of relevant autoimmune reactions.?’

The receptor-binding and hormone specificity
determining B-subunit of FSH hormone is coded by
FSHB gene at the 11p13.2° Haplotype analysis has
revealed two most prevalent variants of FSHB gene —
HAP1 and HAPI13, covering together about 90% of
Estonians.'® Similarly to insulin gene polymorphisms
affecting central tolerance through the level of gene
expression in thymus,® we were looking for an
association between the two FSHB core haplotypes'’
and autoimmunity against FSH. As we could not
detect such relationship, we suggest that either these
SNPs do not affect gene expression in the thymus
during central tolerance induction, or that FSHB-
associated autoimmunity to FSH depends on HLA-
DQBI allelic variants other than those evaluated in
the current study.
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The production of anti-FSH IgA is probably related
to different factors than those involved in the pro-
duction of anti-FSH IgM. Anti-FSH IgA were associ-
ated with the presence of the HLA-DQBI*03 allele
but not with the cause of infertility, the history of
previous IVF attempts or the presence of other auto-
antibodies. The cervical mucosa along with that of
the endometrium most probably plays a major part
in the induction of the mucosal tolerance to paternal
antigens.?”?® In this context, it is interesting to refer
to the published associations between the HLA-
DQBI*03 allele, and the presence of the sperm-
immobilizing antibodies in cervical secretions.?’
Therefore, it would be tempting to speculate that
anti-FSH IgA could not be autoantibodies but alloan-
tibodies triggered by seminal FSH,**?! and origin-
ating from mucosal response, as discussed
previously.'®> The reasons for an increased produc-
tion of this particular IgA isotype of antibodies in
IVF patients, however, remain unclear.

Correlation analysis of anti-FSH antibody values
showed that the levels of anti-FSH IgM and IgA cor-
related both with the values of anti-FSH IgG. There
are some indirect evidence that anti-FSH IgG anti-
bodies may, however, further worsen female fecun-
dity by reducing the FSH functionality.’*>*> An
important question of whether anti-FSH antibodies
influence the outcome of IVF treatment, comes up
from the current study and is also the priority of our
ongoing studies.

In conclusion, our results suggest that anti-FSH
antibodies may be naturally occurring antibodies
associated with peripheral FSH concentrations and
produced in higher levels in infertile women. The
production of anti-FSH IgM and IgG antibodies was
not associated with FSHB gene haplotypes, but could
be related to a general propensity to autoimmunity
or to previous IVF treatments. The elevated values of
anti-FSH IgA in IVF patients could be explained by
somewhat different mechanisms including a genetic-
ally determined failure in mucosal tolerance in the
genital tract. Regardless of the origin of the stimula-
tion of anti-FSH antibody production in infertile
women, the impact of this phenomenon on the out-
come of infertility treatment deserves further evalua-
tion.
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