
54

Original paper

Immunohistochemical investigation of endometrial 
leukocytes in implantation period in rats with 
streptozotosin-induced diabetes

Emel Nacar1, Yes‚im Akaydin Bozkurt2, Ahmet Koç3, Ahmet Nacar4

1Division of Pathology Laboratory Techniques, Turgut Ozal University Vocational School of Health Sciences,  
 Ostim, Ankara, Turkey
2Department of Histology and Embryology, Faculty of Medicine, Mevlana University, Konya, Turkey
3Department of Histology and Embryology, Faculty of Veterinary Medicine, Mustafa Kemal University, Hatay, Turkey
4Department of Histology and Embryology, Medical Faculty, Hacettepe University, Ankara, Turkey 

Our first aim was to determine the total leukocyte profile in implantation. Second 
aim was to detect the changes in uterine leukocyte profile in diabetes, a common 
accompanying disease. For this purpose 4 groups are formed with Wistar albino 
rats weighing 250-300 g. Two of the groups were non-diabetic and two of them 
were diabetic. One of the diabetic and one of the non-diabetic groups were left 
pregnant. Then uterus tissues of pregnant animals were removed in the 5th and 7th 
days of pregnancy together with tissues of other two non-pregnant groups. Tissues 
were analyzed immunohistochemically with antibodies CD45, CD3, CD4, CD8, 
CD56, CD68 and CD79a. It was revealed that pregnancy increased immune stain-
ing of CD68, CD3, CD45 and CD56 in endometrium. In addition it was observed 
that immune staining density of CD68, CD45 and CD56 decreased in diabetes. 
In the histopathological examination, significant degeneration was detected in the 
endometrium of diabetic rats. Diabetes could decrease leukocyte proportions in 
decidua in early pregnancy periods. Therefore immune cell therapies could be ad-
ministrated in diabetes related problems of pregnancy. 
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Introduction 

The immunosuppression mechanism necessary for 
continuity of gestation is not clear yet. The fetus is 
an allograft since its antigenic structure comes from 
two individuals with different genotypes. Despite 
this, pregnancy does not lead to a host versus graft 
reaction [1]. 

The uterine mucosa normally contains macro-
phages [2, 3], dendritic cells and natural killer (NK) 
cells [4, 5] in addition to T lymphocytes [3, 6] and  
B lymphocytes [7]. Following implantation, the cel-

lular architecture of the uterine mucosa is reorga-
nized. The rate of leukocytes in human endometri-
um has been reported to be 40% in one study [8] 
and 50% in another study [9]. Uterine natural killer 
(uNK) cells have been found to constitute 45% [9] 
and 70% [10, 11] of all leukocytes. In rats, uNK cells 
which survive until delivery are degranulated just be-
fore delivery and become noticeable. Macrophages, 
constituting 10-20% of all leukocytes in the human 
endometrium, can survive until delivery [12]. 
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uNK cells are the immune cells most abundant in 
the endometrium during the late secretory phase and 
implantation [13]. A study on pregnant rats has re-
vealed that the amount of uNK cells which have Al-
pha Naftil Acetate Esterase (ANAE) increased from 
the second day of implantation onwards and peak-
ed on the sixth day of implantation [14]. uNK cells 
are phenotypically similar to CD56+ peripheral NK 
cells [15]. They have been reported to have import-
ant functions such as decidualization, remodeling of 
vessels and regulation of maternal immune respons-
es [16]. In a study performed to show subgroups of 
lymphocytes in normal pregnancy, there was a  sig-
nificant increase in leukocytes and a decrease in NK 
cells especially in the first trimester with insignificant 
changes in B lymphocytes [17]. 

However, there have not been any studies per-
formed to evaluate the leukocyte profile of the uterus 
during implantation. Therefore, the primary aim of 
this study was to evaluate NK cells, T and B lym-
phocytes, macrophages and the complete leukocyte 
profile in the uterus with immunohistochemical 
methods. The secondary aim of this study was to de-
termine how the cellular profile of the uterus changed 
in some common systemic diseases. The best model 
to be selected to determine this profile was diabetes 
since it was reported that there was an increase in 
spontaneous abortions in cases of uncontrolled dia-
betes [18]. Diabetes, which has negative effects on 
the whole process from implantation to delivery, has 
a wide variety of mechanisms of actions. Biochemical 
evaluations generally remain insufficient to elucidate 
cellular changes in the uterus during implantation. 
Therefore, histological evaluation of the immune cell 
profile in the uterus in diabetic women during early 
pregnancy period was aimed. 

Material and methods

Animals and diabetes induction

Our study was conducted at Mustafa Kemal Uni-
versity Experimental Medicine Research and Applica-
tion Centre, with the approval of the research ethics 
committee. 32 adult female Wistar albino rats were 
divided into 4 groups: control (group 1), diabetic 
(group 2), control early pregnant (group 3), diabetic 
early pregnant (group 4).  For environmental adap-
tation, 4 to 5 rats were housed in one cage for 7 days 
under standart conditions of climate and nutrition 
(light period 7.00 A.M. to 7.00 P.M., 21 ±1°C, rat 
chow and tap water freely available). After acclimati-
zation, rats were mated overnight and pregnancy was 
ascertained by the light microscopic observation of 
vaginal smears for the presence of spermatozoa daily. 
The day the smear was positive for sperm was desig-
nated as gestation day (GD) 1.  

Rats in groups 2 and 4 were rendered diabetic by 
a single intraperitoneal injection of buffered solution 
(0.1 M citrate, pH 4.5) of STZ (45 mg/kg of body 
weight) on GD 4. After 48 hours, rats with blood 
glucose levels above 200 mg/dl were considered as 
diabetic. Rats in the other groups were administered 
citrate buffer (vehicle). Rats were given 5% glucose 
water for the first 48 h to prevent hypoglycemic 
shock. 

General anesthesia with ketamine (50 mg/kg) and 
xylazine (10 mg/kg) was administered subcutaneous-
ly to the pregnant rats at GD 6 and non pregnant 
rats at similar days according to their cycle. Rats were 
opened at the midline, uterus was excised and sacri-
ficed with decapitation. 

Histological method

Tissues were fixed in 10% neutral formalin. Then 
fixed tissues were hydrated, dehydrated with graded 
alcohol series and embedded in paraffin after clearing 
with xylol. Five micrometer thick sections were cut 
and sections were stained with Crossman’s modified 
trichrome stain to see the general structure of uterus 
tissues. 

Immunohistochemistry 

All biopsies were fixed in 10% buffered formalde-
hyde and paraffin-embedded by routine methods. The 
slides were incubated overnight at 37°C. Tissue sec-
tions of 5 μm thick were mounted on polylysine-coat-
ed slides, deparaffinized, rehydrated, and then washed 
with phosphate buffer saline (PBS, pH = 7.4) 3 times. 
Later sections were heated in citrate buffer (pH 6) for 
antigen retrieval. Then tissues were circumscribed 
with a pap pen (Super PAP Pen, PN IM3580, Becman 
Coulter Company, France). After washing with dis-
tilled water and with PBS, endogenous enzymes were 
blocked using 3% hydrogen peroxide for 10 minutes. 
Following a PBS wash, slides were treated with ready 
to use Ultra block (Lab Vision Corporation, CA, USA) 
for 10 minutes to prevent non specific bindings. Then 
primary antibodies (Table I) were added to the slides 
and incubated at 4°C overnight in a humidified cham-
ber. After washing 3 times with PBS, tissue sections 
were incubated for 10 min. with biotinylated antibody 
(Lab Vision Corporation, CA, USA). Subsequently, 
slides were washed with PBS and were exposed to 
streptavidin peroxidase (Lab Vision Corporation, CA, 
USA) for 10 minutes. Then AEC (3-Amino-9-Eth-
ylCarbazole, AEC Substrate System, Thermo Fisher 
Scientific Anatomical Pathology, CA, USA) was used 
as chromogen. Afterwards, the slides were counter-
stained with Mayer’s haematoxylin. Slides were ex-
amined and photographed with an Olympus DP20 
camera attached Olympus CX41 photomicroscope 
(Olympus Corp., Tokyo, Japan).
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Statistical analysis

Group 1 is compared to group 2 in order to see the 
effects of diabetes on normal endometrium. Group 1 
and 2 is compared to group 3 and 4 to see the effects 
of pregnancy on endometrial leucocyte distribution. 
Finally group 3 was compared to group 4 to see the 
effect of diabetes on pregnant endometrium. 

Different quantitative evaluations were made to 
analyze the findings of trichrome and immunohis-
tochemical stainings. With trichrome staining tissue 
edema, bleeding, necrosis and epithelium degenera-
tion were investigated. One slide for each animal and 
totally 8 slides for each group were examined to make 
quantitative analysis as Davies et al. described [19]. 
Scores were given as follows: 0, no injury; 1, mild 
injury with limited edema and bleeding; 2, moderate 
injury with  limited necrosis; 3, severe injury with 
diffuse bleeding, edema, necrosis and cell loss. 

When evaluating immunhistochemical findings, 
the extensity of involvement was quantified. Since 
leucocyte – stromal cell ration was reported as 40% 

and over 40% [4, 30], the extensity of the staining 
was evaluated as follows: 0 – no staining, 1  – 1-10% 
involvement, 2 – 11-25% involvement, 3 – 26-50% 
involvement, 4 – 50% and more involvement. 

Comparisons among groups were made with 
χ2 test. p < 0.05 was accepted significant. 

Results

In histological examination, control group re-
vealed normal endometrium structure (Fig. 1). In 
group 2, edema, detoriation in glandular structure 
and presence of inflammatory cells were seen (Fig. 2). 
In group 3, normal pregnant endometrium with em-
bryo and desidual cells was seen (Fig. 3). In group 4, 
epithelial degeneration and necrosis in desidual cells 
were observed (Fig. 4). 

In statistical analysis of histological results, diabe-
tes caused significant degeneration both in normal 
and pregnant endometrium. Most significant differ-
ences were found between group 1 with group 4 and 
group 3 with group 4. 

Table I.  Antibodies

Antibody Cell type Dilution Source

CD8 [CC63] 0.25 mg  Ab22378 Rat Monoclonal Cytotoxic T lymhocyte 1 : 100 Ab Abcam 

Mouse anti bovine CD4 [CC30] 2 ml Ab51312, Mouse 
Monoclonal 

Helper T lymphocyte 1 : 100 Abcam 

CD3 antibody [SP7] 500μl Ab5690, Rabbit Policlonal Mature T lymphocyte 1 : 100  Abcam 

Macrophage antibody [MAC387] 100.0μg Ab31630 
Mouse Monoclonal 

Macrophage 1 : 100  Abcam 

CD79a antibody[HM57] 100.0μg Ab3121 Mouse  
monoclonal 

B lymphocyte 1 : 100  Abcam 

CD45 antibody 1 ml Ab33923 Mouse monoclonal Common leucocyte antigen 1 : 50  Abcam 

CD56 antibody1 ml Ab9272 Mouse monoclonal Natural killer 1 : 50 Abcam 

Fig. 1. Normal endometrium in control group (Trichrome 
stain, magnification 200×)

Fig. 2. Edema [*], deformation in glandular structure 
[arrowhead], inflammatory cells [→] in endometrium of 
group 2 (Trichrome stain, magnification 200×)
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In immunohistochemical analysis with anti-CD3, 
CD4, CD8, CD45, CD56, CD68 and CD79a an-
tibodies, it was found that pregnancy significant-
ly increased CD68 (Table II), CD45 (Table III) and 
CD56 (Table IV) staining; and didn’t affect CD79a 
and CD3 staining. Groups didn’t show any signifi-
cant involvement in terms of CD4 and CD8 staining. 
Diabetes caused no significant change with regard to 
CD68, CD56, CD3 and CD79a involvement (statis-
tical data not shown). However significant decrease 
in CD45 staining was observed in diabetic groups.

Discussion

Several studies have been conducted to reveal 
changes in endometrial leukocytes during pregnancy 
[20, 21]. However, there have been few studies on ef-
fects of diabetes on endometrial leukocytes [22]. The 
present study reports that pregnancy significantly 
increased NK, macrophage and total leucocyte pop-
ulation in the endometrium. Additionally, diabetes 
decreased total leucocyte counts with no significant 
effect on leucocyte subtypes separately. 

The number of uNK cells increase in the endo-
metrium in early gestation [23, 24] and the rate of 
these cells in the endometrium increases to 70% [21, 
25, 26]. They were reported to accumulate especially 
around trophoblasts and spiral arteries [4]. Consis-
tent with the literature, CD56+ cells were found to 
increase considerably in the early gestational period 
in the present study. 

The rate of CD45+ cells increases to 25% in the 
late secretory phase of the cycle [27]. In gestation, 
the rate of CD45+ leukocytes increases [4, 20, 28, 
29]. It has been reported that the ratio of leukocytes 
to decidual cells in the early gestational period is 
40% [30] and their involvement is the most marked 
around glands and the vessels [28]. The present study 
also revealed that pregnancy considerably increased 

Fig. 3. Normal desidual cells in group 3 (Trichrome stain, 
magnification 400×

Fig. 4. Hemorrhage [*] and necrosis [→] in desidual cells 
(Trichrome stain, magnification 400×)

Table II. Statistical analysis of CD68 staining 

Cd68 Mean ± SD (standart deviation)

Group 1 0.75 ±0.46 

Group 2 0.62 ±0.51a 

Group 3 2.25 ±0.46b,c  

Group 4 1.75 ±0.46d,e 
p < 0.05 is accepted as significant
ap = 0.590 not significant when compared to control 
bp = 0.001 significant when compared to control 
cp = 0.001 significant when compared to group 2 
dp = 0.135 not significant when compared to group 3 
ep = 0.006 significant when compared to group 2 

Table III. Statistical analysis of CD45 staining 

Cd45 Mean ± SD

Group 1 1.62 ±0.51 

Group 2  0.75 ±0.46a 

Group 3 3.50 ±0.53b,c 

Group 4 2.12 ±0.35d 
p < 0.05 is accepted as significant 
ap = 0.018 significant when compared to control
bp = 0.001 significant when compared to control
cp = 0.001 significant when compared to group 2
dp = 0.002 significant when compared to group 3 

Table IV. Statistical analysis of CD56 staining 

Cd56 Mean ± SD 

Group 1 1.50 ±0.53  

Group 2 1.00 ±0.53a 

Group 3 2.62 ±0.51b,c 

Group 4 2.00 ±0.53d 
p < 0.05 is accepted as significant
ap = 0.202 not significant when compared to control
bp = 0.010 significant when compared to control
cp = 0.097 not significant when compared to group 4
dp = 0.010 significant when compared to group 2  
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CD45 involvement, which was marked around the 
vessels and the glands. 

CD3 proteins are used to determine T cells in ex-
trathymic tissues. The rate of decidual CD3 positive 
lymphocytes during pregnancy is controversial. Flow 
cytometric evaluations of human decidual tissues in 
the early gestation and the first trimester revealed 
a  decrease in the number of CD3 positive cells in 
decidual tissues in the pregnant endometrium com-
pared to the nonpregnant endometrium [15, 31, 32]. 
However, there have been studies revealing that there 
are not such marked changes in pregnancy as we also 
found [4]. The differences have been attributed to 
the size of decidual samples, the method of count-
ing the cells and immunohistochemical methods used 
[32]. Besides the current study is the first on effects 
of diabetes on CD3 involvement and did not show 
a difference between the groups. 

Macrophages constitute 10% of CD45 cells (gen-
eral leukocyte antigen) in a non-pregnant endome-
trium and 20-30% of the cells in the deciduas in 
the first trimester [2, 10]. In a  study on subclasses 
of leukocytes in the endometrium at the time of im-
plantation and early gestation [23], the rate of CD68 
positive macrophages was found to increase, which 
is comparable with the present study. The effect of 
diabetes on the rate of macrophages was reported in 
a few studies. In a study by Kim et al., there was not 
a considerable difference in the rate of macrophages 
stained with CD14 and that of the macrophages 
stained with CD68 [33] consistent with our findings. 

Studies on histopathological examinations of dia-
betes related uterine changes mostly revealed find-
ings consistent with those obtained in the present 
study. One study performed in 2003 [34] revealed 
that there were considerable epithelial changes in di-
abetic rats. In another study on effects of progressive 
hyperglycemia on the endometrium, a thickened bas-
al membrane, phagocytic blood elements extending 
into the basal membrane, differentiation in the stro-
mal cells, vacuolization and degeneration were ob-
served [35]. Several other studies showed that diabe-
tes caused atrophy, lipid accumulation and involution 
in the uterus [36, 37]. 

In conclusion, the results of this study may shed 
light on the pathophysiology of abortions, the rates 
of which are increased in diabetics. Because diabetes 
related  changes in the number and location of the 
immune cells, which protects the developing embryo 
with several mechanisms, may cause problems during 
implantation and subsequent developmental period. 
Based on this relation, immune therapies could pro-
tect developing embryo and fetus from diabetes-in-
duced developmental complications. 
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