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Abstract. Expression of interleukin-6 (IL-6), interleukin-21 
(IL-21) and anti-müllerian hormone (AMH) in premature 
ovarian failure (POF) patients were observed to explore the 
correlation of each indicator and its significance in POF. 
One hundred and forty-two patients diagnosed with POF in 
Binzhou City Center Hospital from June 2014 to December 
2015 were selected as the observation group. At the same time, 
another 140 healthy women were selected as the control group. 
The serum levels of IL-6, IL-2l, AMH, follicle stimulating 
hormone (FSH) and luteinizing hormone (LH), estradiol (E2), 
testosterone (T) and basal antral follicle count (AFC), and 
mean ovarian volume (MOV) were determined and compared; 
correlation analysis of IL-6, IL-2l and AMH with other indica-
tors was performed. Compared to the control group, the serum 
levels of IL-6, IL-21, FSH and LH in the observation group 
were significantly higher (P<0.05), while E2, T, AMH levels in 
the serum, AFC and MOV were significantly lower (P<0.05). 
Spearman's correlation analysis showed that IL-6, IL-21 was 
positively correlated with FSH and LH (P<0.05), but negatively 
correlated with E2, T and MOV (P<0.05). AMH was nega-
tively correlated with FSH and LH, but positively correlated 
with E2, T and MOV. Our results showed that the expression 
of IL-6, IL-21 and AMH were related to the occurrence and 
development of POF, IL-6, IL-21 and AMH can be used as the 
primary screening indexes for POF patients.

Introduction

Premature ovarian failure (POF) refers to amenorrhea in 
women before the age of 40 due to ovarian failure (1), it is a 
spontaneous, heterogeneous disease, main manifestations are 
amenorrhea, infertility and perimenopausal syndrome because 

of low estrogen (2). The etiology and pathogenesis of POF is 
not yet known, and it is believed that it is mainly related to 
the permanent damage of ovaries. Traumatic factors include 
trauma, radiotherapy and chemotherapy, immunity and inheri-
tance (3). The study found that approximately 30% of POF 
are related to immune abnormalities (4), it can be induced that 
POF is a more common type clinically. American Society of 
Fertility divides the disease process into four stages: normal, 
latent, biochemical abnormalities and clinical abnormalities (5). 
Because of the latency and nature of the progress, patients are 
often in advanced stage when going for the treatment, making 
treatment more difficult. Early detection of POF is the key 
to diagnosis and treatment. In recent years, cytokines have 
become a hotspot for study. It is shown that interleukin-6 (IL-6) 
and interleukin-21 (IL-21) play important roles in immune 
diseases (6,7), anti-müllerian hormone (AMH) is a serological 
marker for assessing ovarian reserve function (8). However, 
IL-6, IL-21 and AMH in POF patients is rarely reported. This 
study was designed to provide a new target for the diagnosis 
and treatment of patients with POF by studying the levels of 
IL-6, IL-21 and AMH in patients with POF. 

Patients and methods

Clinical data. One hundred and forty-two POF patients with 
complete clinical data admitted into Binzhou City Center 
Hospital (Binzhou, China) from June 2014 to December 2015 
were selected as the observation group, all cases were in line with 
the diagnostic criteria of POF. The mean age of the observation 
group was 29.17±7.45 years, the mean gravidity was 1.72±1.89, 
the average parity was 1.12±1.58 and the average body mass 
index (BMI) was 20.31±3.67 kg/m2. One hundred and forty 
cases of healthy women with normal ovarian function in the 
hospital were collected as the control group, the age matching 
1:1 ratio with the observation group. There was no significant 
difference in mean age, gravidity, parity and BMI between the 
two groups (P>0.05) (Table I). This study was approved by the 
Ethics Committee of Binzhou City Center Hospital, the patients 
were informed and signed the consent form.

Materials. IL-21 radioimmunoassay kit (RIA-141), LH 
radioimmunoassay kit (RIA-24), T radioimmunoassay kit 
(XFFM177D), E2 radioimmunoassay kit (XFFM182D) and 
FSH radioimmunoassay kit (RIA-23) was from Shanghai 
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Xinfan Biotechnology Co., Ltd. (Shanghai, China). IL-2 
ELISA kit (XFE1457A), IL-6 ELISA kit (XFE1011A) was 
from Shanghai Xinfan Biotechnology Co., Ltd. AMH ELISA 
kit (mEA-H12007) was from Shanghai Ximin Biotechnology 
Co. Ltd.

Diagnostic, inclusion and exclusion criteria
Diagnostic criteria (2). i) Age <40  years, amenorrhea 
≥6  months or ≥3 cycles, with or without perimenopausal 
syndrome symptoms (hot flashes, palpitation and insomnia). 
ii) Interval of more than 1 month, serum follicle stimulating 
hormone (FSH) ≥40 IU/l two times and above. The above two 
points had to be met at the same time.

Inclusion criteria. i) Meet the POF diagnostic criteria as stated 
above. ii) Accompanied by Hashimoto thyroiditis, rheumatoid 
arthritis (RA), ulcerative colitis (Crohn's), systemic lupus 
erythematosus (SLE) and other immune abnormalities. iii) 
B-ultrasound confirmed no diameter >10 mm follicles in the 
ovary, endometrium <4 mm.

Exclusion criteria. i) Malignant tumors; ii) severe infection; 
iii) severe liver and kidney dysfunction; iv) uterus or ovary has 
been removed.

Methods. General records, including age, menstrual history, 
marriage history, complications (especially immune diseases). 
The weight of all patients was measured after fasting and 
wearing light clothes, and then the height of the patient was 
measured. BMI = weight / height2.

Detection of serum markers. The morning fasting elbow vein 
blood on the 5th day of menstrual cycle was obtained from 
all patients, the samples were centrifuged with anticoagulant, 

at 2,500 x g at 4˚C for 5 min, 3 ml of supernatant serum was 
obtained, stored at -20˚C in an incubator for further testing. All 
operations were in strict accordance with the corresponding 
instructions (Shanghai Enzyme-linked Biotechnology Co., 
Ltd., Shanghai, China).

Radioimmunoassay. Serum levels of IL-21, FSH, LH (lutein-
izing hormone), E2 (estradiol) and T (testosterone) were 
measured by radioimmunoassay (a method of competitive 
inhibition with antibodies by using isotopic and unlabeled 
antigens).

ELISA serum. AMH levels were measured by enzyme-linked 
immunosorbent assay, serum IL-6 levels were measured 
by double-antibody sandwich ELISA. The main steps were 
as follows: Antibody-coating → Add antigen to be detected 
→ Add enzyme labelled antibody → Add substrate liquid → 
Add terminal liquid → Result analysis → The concentration of 
IL-2 and IL-6 in serum was calculated by drawing a standard 
curve (the antibodies were included in the ELISA kit).

All patients underwent transvaginal ultrasonography to 
check the antral follicle counts (AFC) and bilateral ovarian 
volume, excluding the measurement error, measurements of 
each index were repeated three times, and the mean ovarian 
volume (MOV) was calculated.

Statistical methods. SPSS18.0 (SPSS Inc., Chicago, IL, USA) 
software was used for analysis. Mean ± standard deviation 
was used for normal measurement data analysis, t-test was 
selected for comparison between groups, χ2 test was used for 
comparison of enumeration data between groups. Spearman's 
correlation analysis was performed. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Comparison of serum levels of sex hormones and AFC. 
For patients in the observation group, the mean serum 
FSH was 83.38±27.54  IU/l, LH was 43.27±21.62  IU/l, E2 
was 16.13±7.17 pg/ml, T was 31.24 ±8.79 ng/dl, AFC was 
1.25±0.34, and for the control group, FSH was 5.12±0.78 IU/l, 
LH was 4.36±1.01 IU/l, E2 was 42.94±13.76 pg/ml, T was 
43.65±11.89 ng/dl, AFC was 7.17±0.67, the serum levels of 
FSH and LH of the observation group was significantly higher 
than that of the control group (P<0.05), while the level of E2, T 
and AFC of the observation group was significantly lower than 
that of the control group (P<0.05) (Table II).

Table I. General condition of patients.

General	 Observation	 Control
conditions	 (n=42)	 (n=40)	 t/χ2 value	 P-value

Age (years)	 29.17±7.45	 29.21±6.78	 1.729	 0.168
Gravidity (time)	   1.72±1.89	   1.66±2.01	 1.834	 0.152
Parity (time)	   1.12±1.58	   1.20±1.46	 1.912	 0.089
BMI (kg/m2)	 20.31±3.67	 20.24±3.93	 1.645	 0.186

Table II. Comparison of serum levels of sex hormones in the 
groups.

Sex	 Observation	 Control
hormones	 (n=42)	 (n=40)	 t/χ2 value	 P-value

FSH (IU/l)	 83.38±27.54	 5.12±0.78	 51.273	 0.009
LH (IU/l)	 43.27±21.62	 4.36±1.01	 79.348	 0.001
E2 (pg/ml)	 16.13±7.17	 42.94±13.76	 65.647	 0.004
T (ng/dl)	 31.24±8.79	 43.65±11.89	 28.745	 0.023
AFC	 1.25±0.34	 7.17±0.67	 83.126	 <0.001

Table III. Serum levels of IL-6, IL-21, AMH and MOV.

	 Observation	 Control
Index	 (n=42)	 (n=40)	 t/χ2 value	 P-value

IL-6 (pg/ml)	 16.28±4.31	 1.61±0.75	 92.125	 <0.001
IL-21 (pg/ml)	 163.24±38.72	 117.12±17.63	 34.191	 0.013
AMH (ng/ml)	 2.51±1.40	 4.92±0.42	 49.307	 0.008
MOV (cm3)	 2.06±0.59	 7.35±1.29	 63.104	 <0.001
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Serum levels of serum cytokines and MOV between the two 
groups. The level of serum IL-6 in the observation group 
was 16.28±4.31 pg/ml, IL-21 level was 163.24±38.72 pg/ml, 
AMH was 2.51±1.40 ng/ml, MOV was 2.06±0.59 cm3, while 
the serum IL-6 level was 1.61±0.75 pg/ml, IL-21 level was 
117.12±17.63 pg/ml, AMH was 4.92±0.42 ng/ml, MOV was 
7.35±1.29 cm3. Compared with the control group, the serum 
levels of IL-6 and IL-21 were significantly increased in the 
observation group (P>0.05), while the serum levels of AMH 
and MOV were significantly decreased (P<0.05) (Table III).

The correlation between serum indexes and MOV. IL-6 was 
positively correlated with FSH and LH according to Spearman's 
correlation analysis (r=0.669, 0.675, P<0.05), IL-21 was posi-
tively correlated with FSH and LH (r=0.671, 0.820, P<0.05), 
AMH was negatively correlated with FSH and LH (r= -0.523, 
-0.321, P<0.05) (Table IV). IL-6 was negatively correlated with 
E2, T and MOV (r= -0.631, -0.452, -0.673, P<0.05), IL-21 was 
negatively correlated with E2, T and MOV (r= -0.642, -0.460, 
-0.681, P<0.05), AMH was positively correlated with E2, T and 
MOV (r=0.331, 0.507, 0.468, P<0.05) (Table V).

Discussion

The etiology of POF is not clear as yet, although not lethal, 
POF has brought catastrophic injury to patients. The difficulty 
of treatment is a major challenge for in clinic. If the early stage 
of the disease can be identified timely, it will help improve 
the patient's reproductive outcome. Studies have found that 
CD4+ T lymphocyte subsets and ovarian antigens change the 
concentration of anti-ovarian antibody, immune cells and 
cytokines by stimulating the body's immune system, which 
is considered to have an important link with the occurrence 
of POF (9). In addition, it has been found that the number of 

CD8+ T lymphocytes is increased in the peripheral blood of 
primary POF patients. Compared with the control group, the 
CD8 density on the T cells of the observation group is signifi-
cantly increased, suggesting that POF is caused by immune 
abnormalities (10).

IL-6 is a glycopeptide with a molecular weight of 26 kD 
and its gene is located on chromosome 7 (11). IL-6 is mainly 
secreted by antigen-presenting cells (macrophages, dendritic 
cells), B cells, T cells, non-hematopoietic cells, osteoblasts 
and mesangial cells  (12). IL-6 is connected with soluble 
IL-6 connexin (IL-6R) and cell membrane receptor complex 
composed of glycoprotein gp130. The complex of IL-6 and 
IL-6R plays a role in multiple processes of immune response 
and can play an immunomodulatory role by promoting B 
cell proliferation and promoting T cell proliferation and 
secretion of antibodies (13), it also plays an important role 
in hematopoietic effect, interfering with metabolism, and 
immune diseases (6). De Benedetti found that (14), compared 
with after hormone replacement therapy + immunotherapy 
and the control group, the serum IL-6 level of POF patients 
before therapy was significantly higher. In this study, serum 
IL-6 concentration in immune POF group was significantly 
higher than the normal control group (P<0.05), indicating that 
immune ovarian premature failure and IL-6 expression are 
correlated.

IL-21 is a member of the IL-2 cytokine family and IL-21 
binds to its receptor IL-21R to produce biological effects (15). 
Studies have found that IL-21 has an important link with some 
immune diseases (RA, Crohn's and SLE), and is related with 
the severity of the disease and the degree of relief (16). This 
study found that serum IL-21 levels in patients with POF were 
significantly higher than those in the control group (P<0.05), 
indicating that IL-21 may be associated with the immune 
mechanism of POF. Coulam et al found that (17), pathologic 
biopsy of part of the ovarian tissue of POF patients showed 
follicular, especially mature follicular inflammatory cell 
infiltration (lymphocytes, plasma cells). The elevated levels of 
IL-21 in serum of patients with POF may be mediated by the 
corresponding receptors on various inflammatory cells on the 
ovarian surface, activating their downstream signaling path-
ways [MAPK (18), PI3K/AKt and JAK1/JAK3 (19)], regulating 
the body immune network, the mechanism needs further study.

AMH belongs to the transforming growth factor beta 
superfamily, which is not expressed in female embryos, and 
is mainly secreted by granulosa cells (preantral follicles and 
sinus follicles) after birth, and does not fluctuate with the 
menstrual cycle (20,21). Serum AMH has been regarded as 
a serological marker for predicting ovarian reserve function, 
and is widely used in the clinical practice of assisted reproduc-
tion. The serum level of AMH is positively correlated with 
the number of oocytes retrieved and ovarian response (8). In 
this study, we showed that AMH levels in POF patients were 
significantly lower than those in normal controls (P<0.05), 
indicating that AMH levels were associated with ovarian 
function. Méduri et al (22) found that the decrease in serum 
AMH levels in POF patients may be associated with defects in 
granulocytes in sinus follicles, and that defected granulocytes 
secrete significantly lower AMH than healthy people.

At present, there is no single marker that can predict 
ovarian reserve function perfectly, and joint testing is expected 

Table IV. Correlation between IL-6 and IL-21 and AMH, FSH 
and LH.

	 FSH	 LH
	 -----------------------------------------	 -----------------------------------------
Index	 r	 P-value	 r	 P-value

IL-6	 0.669	 <0.05	 0.675	 <0.05
IL-21	 0.671	 <0.05	 0.820	 <0.05
AMH	 -0.523	 <0.05	 -0.321	 <0.05

Table V. Correlation between IL-6 and IL-21 and AMH, E2, 
T and MOV.

	 E2	 T	 MOV
	 -------------------------------	 --------------------------------	 --------------------------------
Index	 r	 P-value	 r	 P-value	 r	  P-value

IL-6	 -0.631	 <0.05	 -0.452	 <0.05	 -0.673	 <0.05
IL-21	 -0.642	 <0.05	 -0.460	 <0.05	 -0.681	 <0.05
AMH	 0.331	 <0.05	 0.507	 <0.05	 0.468	 <0.05
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to improve the accuracy. In this study, it was observed that 
IL-6 and IL-2l were negatively correlated with AMH (P<0.05) 
by analyzing the correlation between serum IL-6, IL-2l and 
AMH levels in patients with POF, which indicated that the 
higher the level of IL-6 and IL-2l, the lower the AMH level, 
the worse the ovarian reserve function. In clinical practice, 
it is suggested to improve the prediction for ovarian reserve 
function by monitoring the levels of AMH, IL-6 and IL-21, 
in order to provide early diagnosis and intervention, therefore 
improving the quality of life and the reproductive outcomes of 
patients as much as possible.

Surgery will cause different degrees of damage to premature 
ovarian failure patients and it is not repeatable and may aggravate 
ovarian damage. Whereas, serum samples are easy to operate, so 
this study used the patient serum for analysis. We will try to 
use animal-based model for work in the following study. At the 
same time, the number included in this study is relatively small, 
we should increase the number of samples in a multi-center and 
more in-depth way, which may improve the results.
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