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Abstract

Purpose Relationships between follicular fluid levels of IL-
6 with ovarian response and clinical pregnancy were
evaluated in IVF-ET cycles.

Methods Follicular fluid was collected from ovarian
follicles >14 mm, pooled for each patient, and IL-6
levels were assessed using ELISA (n=68). Relationships
between IL-6 levels and IVF cycle parameters were
assessed using nonparametric tests, and between IL-6
levels and clinical pregnancy using multivariable logistic
regression analyses.

Results Significant positive correlations were observed
between IL-6 with age (p=0.035), and IL-6 with estradiol
on the day of hCG (p=0.011). On adjusted analyses, IVF
cycles in patients with IL-6 levels <4.0 pg/ml (median
value for the group) demonstrated an almost 4-fold increase
in likelihood for clinical pregnancy (p=0.045).

Capsule Relationship between follicular fluid IL-6 levels and likeli-
hood of clinical pregnancy following IVF.
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Conclusions Lower follicular fluid IL-6 levels in IVF
patients are associated with increased likelihood of clinical
pregnancy. We hypothesize that endometrial receptivity is a
likely target for any deleterious influences of elevated IL-6
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Introduction

Advances in our understanding of the immune system have
provided new insights into critical roles of immune
mediators in reproductive biology. Cytokines consist
mainly of smaller, water-soluble proteins and glycoproteins,
which based on their functions, cellular origin and targets,
are classified as lymphokines, interleukins, and chemokines
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[1]. In the context of reproductive physiology, cytokines are
known to modulate ovarian function, gonadal steroid
secretion, corpus luteum function, embryo development
and implantation [1-6].

Interleukin 6 (IL-6) was first identified as a T-cell-
derived cytokine that promotes B-cell differentiation and
antibody production [7-9]. Many studies since have shown
IL-6 to be a pleiotrophic cytokine with multiple cellular
effects ranging from growth promotion, growth inhibition
and cell differentiation to inflammation, hematopoiesis,
neuronal function and osteoclastogenesis. Pathogenic impli-
cations of IL-6 are described for several diseases ranging
from autoimmune disorders to malignancies [8, 9]. Effects
of IL-6 are mediated via a unique receptor system which
consists of two functional proteins; IL-6 receptor (IL-6R)
and gpl130 [10-12]. A soluble form of the IL-6 receptor
(IL-6 sR) has been found in human serum [10] and urine
[12]; IL-6 and IL-6 sR complexes exhibit an agonistic
effect on cells expressing the IL-6 signal transducer gp130
on their surface [11, 13].

IL-6 expression is described within the human granulosa
cells of the Graafian follicle [14—18], in the human corpus
luteum and ovarian theca cells [19, 20], the endometrium
[5, 21], and in the pre-implantation embryo [22]. Measure-
ments of serum and follicular fluid (FF) levels of IL-6 in
women undergoing in vitro fertilization (IVF) have been
shown previously to be associated with etiology of
infertility, stimulation protocol, fertilization rates and
pregnancy outcome [7, 23-26], and increased FF levels of
IL-6 are described in the context of ovarian hyperstimula-
tion syndrome [27].

In a cross-sectional study of infertile women undergoing
IVF, we herein report on the association between FF levels
of IL-6 and the outcome of fresh embryo transfer (ET) IVF
cycles. Our data suggest that high FF IL-6 levels are
detrimental to IVF success; given that FF-IL6 levels did not
exhibit any correlation with oocyte yield, nor with embryo
parameters, we speculate that endometrial receptivity rather
than ovarian response may be the site of detrimental
influences of high FF IL-6.

Material and methods

The study was approved by the Institutional Review Board
of Montefiore Medical Center and participants provided
written consent. Sixty-eight infertile women undergoing
IVF were enrolled between March 2005-December 2007
[28]. Suppression of the endogenous luteinizing hormone
surge was done with either GnRH agonist (Leuprolide
Acetate [Lupron®; TAP Pharmaceuticals North Chicago,
IL, USA]) or antagonist (Ganirelix Acetate [Antagon '™,
Organon Inc. West Orange, NJ]). Controlled ovarian
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hyperstimulation (COH) was initiated with injectable
gonadotropins, and the starting gonadotropin dose was
selected on the basis of age, early follicular FSH and
estradiol (E2) levels and the number of antral follicles.
Individualized step-down or step-up protocols were insti-
tuted and serial monitoring of ovarian response was
assessed by transvaginal ultrasound and serum E2 assays.
Nuclear maturation was triggered with 10, 000 TU hCG
intramuscularly when 2 or more follicles >17 mm were
achieved. Transvaginal ultrasound guided oocyte retrieval
was performed 34 h following the hCG injection. Retrieval
of oocytes was followed by insemination by IVF or ICSI as
per clinical practice at our center. Fertilization was
evaluated 12 to 20 h after insemination. The presence of
two pronuclei confirmed normal fertilization. Embryo
transfers were performed on Day 3 or Day 5 post-
insemination using an Echotip (COOK, OB/GYN) or
SureView (Smiths Medical, UK) catheter. Luteal support
was provided with intramuscular injections of progesterone
in oil (50 mg daily). Positive serum hCG tested 12 days
after embryo transfer was considered as evidence of
implantation. Clinical pregnancy (CP) was defined as
intrauterine gestational sac visible on transvaginal ultra-
sound. Luteal support with progesterone (P) was continued
until documentation of the fetal cardiac activity, and
subsequently tapered off.

At the time of oocyte retrieval, FF was collected from
follicles >14 mm; FF for each patient was pooled,
centrifuged at 3000 g for 15 min and the supernatant was
stored at —80°C until assayed. The IL-6 (pg/ml) assay
utilized is a commercially available ELISA kit (ALPCO
Diagnostics, Salem, NH, USA, sensitivity <2 pg/mL, intra-
assay CV 6.2% and inter-assay CV 7.9%). Details on
patient demographics (age, race [Caucasian, Black, other
race], BMI and etiology for infertility, ovarian reserve
status as reflected by early follicular phase [days 1-3]
serum FSH and E2 levels), IVF cycle parameters (COH and
suppression protocol, dose of gonadotropins used, duration
of COH (days), peak serum E2 (pg/ml) on the day of hCG
administration, number of eggs retrieved (n), fertilization
rate (%), number of embryos transferred and CP following
embryo transfer were obtained from medical records.
Implantation rate (IR) was calculated as number of
gestational sacs divided by the number of embryos
transferred x 100.

Statistical analysis

Continuous data are reported as mean and standard
deviation (SD) for data demonstrating normal distribution
and as median and inter-quartile range [IQR] for skewed
data; categorical data are presented as percentage (%). Data
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for IL-6 and for peak E2 were log transformed for
parametric analyses. Relationships between FF IL-6 levels
and patient characteristics and with IVF cycle parameters
were assessed using Spearman correlation, and Mann
Whitney U Rank sum test for skewed data and Pearson’s
correlation and Student’s T test for normally distributed
data. Quartiles of FF IL-6 levels were computed; the
proportion of patients achieving CP and implantation rates
across the quartiles of FF IL-6 distribution were assessed by
Kruskall Wallis Rank Test. Step wise multivariable logistic
regression analyses were conducted to assess the relation-
ship between FF IL-6 levels and CP following IVF; the
final statistical model included FF IL-6<4.0 pg/ml as the
independent variable of interest and, duration of COH
(days) and number of embryos transferred as adjustment
variables . The likelihood of CP is presented as odds ratio
(OR) +£95% confidence interval (95% CI). Goodness of fit
for the multivariable model was assessed by Hosmer-
Lemeshow goodness of fit test [29]. STATA IC 10
(StataCorp, College Station, TX USA) was used for
statistical analyses and p<0.05 was considered to be
statistically significant.

Results

Details on the cohort are previously published [28].
Aliquots of FF were available for 68 of the originally
enrolled 84 infertile women undergoing IVF. Mean values
(SD) for age, BMI and early follicular FSH were 34.35
(4.77 years), 25.36 (6.14 kg/m?) and 8.28 (2.52 mIU/ml)
respectively. Information on race was available for 61/68
women; 65% of the participants were of Caucasian race;
13% identified themselves as Black and the remainder as
belonging of ‘other race’.

The median value of FF IL-6 for the cohort was 4.0 pg/ml
(2.71-6.76). Although higher FF IL-6 levels were noted in
Blacks (n=8) compared to the non-Blacks (log transformed
value 1.84 [0.61] versus 1.44 [0.68]), this difference was not
of statistical significance (p=0.123). No relationship was
observed between FF IL-6 levels and infertility diagnoses
(data not shown). Statistically significant positive correlation
was observed between FF IL-6 level with advancing age
(Fig. 1) and with peak E2 level (Fig. 2). While additional
linear correlation was observed between the number of
mature (metaphase II) oocytes retrieved and FF IL-6 level,
this relationship was not of statistical significance (=0.19,
p=0.131). Fertilization rate was unrelated to FF IL-6 levels
(Table 1).

Clinical pregnancy was seen in 21 of 68 patients
(30.88 %). The distribution of infertility diagnoses was
comparable between cycles attaining CP and failed
cycles. Likelihood for CP was unrelated to infertility
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Fig. 1 Increasing FF IL-6 noted with advancing age; shaded area
identifies 95% CI for the data

etiology (p>0.05, data not shown). COH protocol was
comparable for the two groups (attaining CP versus not
pregnant following embryo transfer) as shown in Table 1.
In the majority of cycles (81%), embryo transfer was
undertaken on D3 whereas the remaining underwent D5
embryo transfer. Cycle success was unrelated to the day of
embryo transfer (p>0.05, data not shown). Lower FF IL-6
levels, albeit insignificantly so, were noted in patients
achieving CP following fresh embryo transfer (median
3.65 [2.67-5.71] versus 4.49 [2.75-7.29], p=0.422).
Although declining CP rates were observed across
quartiles of FF IL-6 (35, 41%, 29% and 18% respectively
from lowest to the highest quartile, this relationship was
not statistically significant (p=0.498).

Patients with FF IL-6 level <median for the cohort
(4.0 pg/ml) were twice as likely to achieve CP compared
to those with higher FF IL-6 levels (OR 2.01, 95% CI
0.70-5.76), although this relationship was not of statis-
tical significance (p=0.193). IR demonstrated a similar
declining trend with higher IR in those with IL-6<4.0 pg/ml
compared to those with higher FF IL-6 levels (24.0+35%
versus 11.4+18%, p=0.197). Table 1 presents participant
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Fig. 2 Positive correlation between FF IL-6 and serum estradiol level
on the day of hCG administration in IVF cycles; shaded area identifies
95% CI for the data

characteristics and IVF cycle parameters by FF IL-6 level
categorized by the group median (<4 versus>4 pg/ml).

Using stepwise multivariable logistic regression analy-
ses, FF IL-6 level <4.0 pg/ml was identified as an
independent predictor of CP following ET. The multivari-
able model included duration of COH, FF IL-6<median
(4.0 pg/ml) and the number of embryos transferred. After
adjusting for duration of COH >12 days and the number of
embryos transfered, IVF cycles in patients with FF IL-6
levels less than the median for the cohort (<4.0 pg/ml) were
almost four times more likely to result in CP compared to
cycles with higher FF IL-6 levels (p=0.045, Table 2).
Duration of COH of 12 or more days was associated with
83% decreased likelihood for CP (p=0.009, Table 2).
Although each additional embryo transferred almost dou-
bled the likelihood of CP (Table 2), this relationship was
not of statistical significance on adjusted analyses. The
model demonstrated 76% power in predicting CP following
IVF.
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Discussion

Our data imply detrimental effects of elevated FF IL-6
levels on the outcome of IVF, and are in contrast to findings
reported by Bedaiwy et al [26]. In a larger cross-sectional
cohort of 112 infertile women undergoing IVF, the authors
report on cytokine profiles in pooled FF samples (method-
ology similar to ours) and identified significantly higher FF
IL-6 levels in patients achieving pregnancy (17.38+14.30
in those achieving CP versus 6.36+6.20 pg/ml in the non-
pregnant group; values are reported as mean+SD) following
IVF. It is noteworthy that the statistical approach focused
exclusively on univariate analyses. While the reported
patient characteristics (i.e. age, ovarian reserve status and
COH parameters) are comparable to our patient population,
marked differences in the FF IL-6 concentrations are
obvious in those achieving CP in these two study
populations (mean = SD values were 4.86+4.30 pg/ml in
our patients compared to 17.38+14.30 in the study by
Bedaiwy et al); FF IL-6 levels in the non-pregnant groups
of the two cohorts are comparable (5.89+4.32 compared to
6.36+6.20 pg/ml respectively). FF samples in the present
study were frozen and thawed, which theoretically may
have contributed to the low levels of IL-6 in our population,
but this should have equally impacted on assay values
across the entire cohort and thus cannot explain the
discrepant lower values in our patients achieving CP. While
these two studies are opposed in their findings relating FF
IL-6 levels to IVF cycle outcome, it is worth noting that
elevated FF levels of IL-12 (24.45+20.15 in the non-
pregnant versus 3.38+£10.6 pg/ml in those achieving
pregnancy) were prognostic of cycle failure in the study
by Bedaiwy et al. This finding is consistent with our data
suggestive of detrimental influences of FF cytokines on
reproductive success following IVF. Interestingly, higher
IL-6 levels have been described in the FF compared to the
serum [18], although biological rationale for such a
differential remains unclear.

Others have reported lower FF concentrations of another
member of the IL family, IL-1, in IVF cycles resulting in
CP [30, 31]. Higher IL-6 levels are previously reported in
women with endometriosis [21] and our findings are thus
consistent with published data. We were unable to identify
negative influences of FF IL-6 on parameters of folliculo-
genesis (i.e. ovarian response as reflected by required dose
of gonadotropins, duration of COH or the number of
oocytes retrieved); in fact, a linear and statistically
significant correlation was observed between FF IL-6 levels
and E2 on the day of hCG administration. This latter
observation is of special interest given the observed linear
and positive correlation observed between FF IL-6 and
advancing age. While these counterintuitive observations
are difficult to explain given the study design, if higher FF
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Table 1 Patient characteristics and cycle parameters according to follicular fluid level of IL-6
Parameter Group 1 (IL-6<4 pg/ml) n=38 Group II (IL-6>4 pg/ml) n=38 P value
Age (years) 33.58 (4.28) 35.20 (5.09) 0.161*
BMI (kg/m?) 25.93 (5.04) 26.13 (7.47) 0.475*
Race 19/28 (68) 20/32 (62) 0.664°
White®
FSH (mIU/ml) 7.28 (2.94) 6.54 (2.15) 0.255*
GnRH Agonist Use 53% 41% 0.455°
# Ampules 34.5 (24.5-50) 34 (25.5-46) 0.923°¢
Peak E2 (pg/ml) 1804.5 (1303-25006) 2109.5 (1577-2039) 0.300°
Day of hCG 11.79 (1.82) 11.37 (1.41) 0.302°
# Eggs Retrieved 11.85 (6.60) 12.44 (5.81) 0.440°
FF IL-6 (pg/ml) 2.67 (0.76) 8.39 (4.48) <0.001*
Fertilization Rate (%) 65.09 (28.60) 57.84 (25.59) 0.297*
# Embryos Transferred (n) 2.06 (0.98) 2.36 (1.19) 0.2987
CP n (%) 13 (38) 8 (23) 0.189°

Continuous data are presented as median (interquartile range) or mean (standard deviation). Categorical data presented as %

* Student t test
® Information on race was missing for some participants in either group.
¢ chisquare test

d Early follicular phase FSH level in the cycle preceding IVF
¢ Mann Whitney U test

Serum E2 on day of hCG administration

IL-6 levels play a causative role in ovarian steroidogenesis,
as has been previously suggested, these observations may
partly explain the hyperestrogenemic milieu of reproductive
aging, as has been previously described [32]. FF levels of
IL-6 were unrelated to COH protocol or fertilization rates
and in this context our findings are consistent with
published data [33, 34]. Given our study design where
FF samples were pooled for each patient, we cannot relate
FF IL-6 with individual oocytes within each follicle; the
linear relationship observed between FF IL-6 and yield of
mature oocytes however, is supportive of previously
published work by Kawasaki et al [25]; these authors
described higher IL-6 levels in fluid from follicles
yielding mature oocytes.

Our data identify adverse influences of an intra-
follicular inflammatory milieu on successful CP follow-
ing fresh embryo transfer; given the lack of observed
detriment on parameters of COH nor on fertilization,
endometrial receptivity may be identified as a likely
target for deleterious influences of elevated FF IL-6

levels, as suggested by the observed decline in rates of
CP and implantation with increasing FF IL-6 levels. This
latter conjecture is plausible given that IL-6 shares gp130
signaling protein in the receptor complex with leukemia
inhibitory factor (LIF), a recognized marker of endome-
trial receptivity [35]. IL-6 immunoreactivity is described
in both proliferative and secretory endometrium, and
endometrial IL-6 synthesis is elevated at the time of
implantation [22, 36]. However, aberrant expression of IL-
6 may be associated with the failed implantation, a
mechanism suggested to explain contraceptive efficacy of
intrauterine contraceptive devices [37]. Inflammatory
cytokines including IL-6 are implicated in processes of
luteolysis in non-human models [38]; while luteal insuf-
ficiency may be a possible sequel of exposure to higher
IL-6 levels, thereby impairing endometrial receptivity, this
mechanism cannot be rationalized as contributory to
reduced implantation and CP rates, given the universal
progesterone supplementation to all patients undergoing
IVFE. Higher E2 levels (that were observed to positively

Table 2 Determinants of likeli-
hood for clinical pregnancy

following IVF. The magnitude
of association is presented as
odds ratio (OR) and 95% Con-
fidence Interval (95% CI)

Parameter Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value
COH>=12 days 0.21(0.07-0.458) 0.003 0.17 (0.04-0 .64) 0.009
# Embryos Transferred 1.75 (1.04-2.95) 0.034 2.10 (0.90-3.10) 0.104
FFIL-6<4.0 pg/ml 2.01(0.70-5.76) 0.193 3.98(1.03-15.39) 0.045

@ Springer



250

J Assist Reprod Genet (2011) 28:245-251

correlate with FF IL-6 levels) have previously been
suggested as being detrimental to endometrial receptivity
[39]. Given the positive correlation between FF IL-6 and
peak E2 levels observed in our cohort, higher E2 levels
may be considered as an alternative explanation for the
observed detriment associating higher FF IL-6 levels with
reduced likelihood for CP. In the absence of data on
endometrial markers of receptivity in our patient cohort,
we can only hypothesize that luteal endometrium may be
the target site for detrimental influences of elevated FF IL-
6 levels. These hypotheses merit targeted testing in future
studies and if substantiated, may partly explain the
reproductive compromise associated with minimal to mild
cases of endometriosis.

Our findings identify prolonged COH during IVF as a
negative predictor of cycle success. We specifically
observed significant reduction in CP following embryo
transfer when duration of COH approached or extended
beyond 12 days. Consistent with our observation, extended
duration of COH has previously been suggested to portend
poor IVF success [40, 41].

Our study is limited by several factors such as small
sample size, its retrospective and cross-sectional design,
pooling and freeze/thaw of FF for individual patients, and
lack of information regarding markers of endometrial
receptivity in the cohort. The predominant Caucasian
representation (65%) does not allow meaningful assessment
of racial variability in FF IL-6 levels. Explanation regarding
the observed positive correlation between FF IL-6 and peak
E2 levels remains elusive at this time. The statistical
methodology pursued, i.e. adjusted analyses, as well as
consistency of observed decline in implantation rates and in
CP with FF IL-6>4 pg/ml add credence to our observations.

In summary, our findings identify detrimental implica-
tions of elevated FF IL-6 levels on the outcome of IVF.
While future studies may elucidate mechanistic aspects to
this observed relationship, given the absence of any
detriment on parameters of folliculogenesis, we hypothesize
that increased FF IL-6 levels may adversely influence
endometrial receptivity. This assumption merits further
exploration in future studies.
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