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Abstract 
Adenomyosis is a benign pathology, common to both women at reproductive age as well as later during menopause. This condition is 
accompanied by a strong symptomatology, which has induced intense research on this topic. From a morphological point of view, it is 
represented by the existence of endometrial glands and, sometimes, of the periglandular stroma (endometriosis) in the structure of the 
myometrium, at a significant distance from the normal endometrium. Various inflammatory, vascular and mechanical factors accentuate 
the symptoms and evolution of this pathology. Our study included a total number of 32 patients, eight cases for each of the following 
histopathological subtypes: endometrium – proliferative phase, endometrium – secretory phase, myometrium with endometrial glands 
(adenomyosis), and myometrium with hyperplastic transformation of endometrial glands (hyperplastic adenomyosis), respectively. We have 
conducted clinical, morphological and morphopathological studies of the structures in question. Using the classical histological technique 
(Hematoxylin–Eosin), we identified the glandular structures; utilizing immunohistochemistry, we have labeled the endometrial epithelium with 
the anti-cytokeratin 7 (CK7) antibody and we analyzed the periglandular cell types of the immune system: T-lymphocytes using anti-cluster of 
differentiation (CD) 3 antibody, macrophages using anti-CD68 antibody, mast cells using anti-tryptase antibody, periglandular vascularization 
with the reaction using anti-CD34/anti-CD31 antibodies, thus demonstrating their involvement in the development of adenomyosis. The interesting 
aspect of this study is the technique of simultaneously labeling of the inflammatory, vascular and epithelial elements. 
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 Introduction 

Adenomyosis is a benign inflammatory, hormone-
dependent pathology characterized by the presence of the 
endometrial glands and the periglandular stroma in the 
myometrium. Two types of adenomyosis have been described: 
diffuse and focal [1]. The most common symptoms of 
adenomyosis are dysmenorrhea and menorrhagia, signifi-
cantly associated with peritoneal endometriosis in women 
with primary infertility, at reproductive age [2]. The patho-
genesis of adenomyosis is unclear, but the only difference 
between adenomyosis and endometriosis is the place of 
implantation of the endometrial tissue, inside or outside the 
uterus [3]. The growth and invagination of the endometrium 
in the myometrium is the most common theory accepted 
by researchers [4]. Although it is a benign pathology, it 
meets the characteristics of malignancy: local or peripheral 
dissemination, destruction of adjacent tissues and cellular 
invasion [5–7]. Adenomyosis is also accompanied by 

abnormal uterine bleeding, pain associated with the menstrual 
cycle and chronic pelvic pain [8]. Ultrasonography (US) 
and magnetic resonance imaging (MRI) demonstrate the 
existence of adenomyosis, MRI has a higher specificity 
compared to US [9]. The medical treatment for adenomyosis 
is similar to that for endometriosis. Gonadotropin-releasing 
hormone agonist (GnRHa), Danazol, oral progestogens and 
aromatase inhibitors are effective in treating the pathology 
described [10–12]. Surgical treatment may partially affect 
fertility and consist of cytoreduction, excision or major 
surgical procedures: endometrial ablation, uterine artery 
embolization or hysterectomy [13]. 

Purpose 

The purpose of this study was to identify and label 
immunohistochemically, T-lymphocytes, macrophages, 
mast cells and periglandular blood vessels simultaneously, 
and to highlight their importance in the development of 
adenomyosis. 
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 Patients, Materials and Methods 

Our study included 32 patients who underwent 
gynecological excisional surgery, as follows: from eight 
patients, normal areas of the endometrium were harvested 
– proliferative phase; from another eight patients, areas 
of the normal endometrium in secretory phase were 
collected; from the next group of eight patients were 
harvested areas of adenomyosis and from the last group 
of eight patients, we harvested areas of hyperplastic-
transformed adenomyosis. These patients were admitted 
and investigated in the Department of Obstetrics and 
Gynecology, Emergency County Hospital of Craiova, 
Romania, between 2014 and 2019. 

A clinical-statistical study was performed using the 
Microsoft Excel 2010 program, based on: year of hospi-
talization, patient’s age, associated symptomatology and 
type of surgery undergone. 

The type of surgery undergone, depending on the 
associated pathology (uterine polyfibromatosis, meno-
metrorrhagias, metrorrhagias, pelvic inflammatory disease), 
is reported in Table 1. 

Table 1 – Surgical techniques depending on the type 
of affection 

Type of tissue fragment Surgical management 
Endometrium – 
proliferative phase 

▪ Subtotal hysterectomy with uterine 
cavity reconstruction (eight cases).

Endometrium –  
secretory phase 

▪ Subtotal hysterectomy with uterine 
cavity reconstruction (eight cases).

Areas of adenomyosis 

▪ Excision of the adenomyous area 
and reconstruction of the uterine 
wall (five cases); 

▪ Subtotal hysterectomy (two cases);
▪ Total hysterectomy with bilateral 

adnexectomy (one case). 

Areas of  
hyperplasic-transformed  
adenomyosis 

▪ Excision of the adenomyous area 
and reconstruction of the uterine 
wall (three cases); 

▪ Subtotal hysterectomy (one case); 
▪ Total hysterectomy with bilateral 

adnexectomy (four cases). 

After the surgical procedure, the collected tissue was 
sent for histological and immunohistochemical (IHC) study 
at the Research Center for Microscopic Morphology and 
Immunology, University of Medicine and Pharmacy of 
Craiova. The 32 tissue samples were fixed in 10% neutral 
formalin, at room temperature. 

After fixation, the fragments were washed for several 
hours in tap water, passed through successive alcohol 
baths with increasing concentration, as follows: in 70% 
alcohol overnight, 90% alcohol, 96%, 100%, 100% (one 
hour in each concentration) and then through three xylene 
baths (3×1 hour) and placed them in a melted paraffin 
bath for tissue penetration (56°C, overnight) and paraffin 
embedding in blocks the next day. Afterwards, we sectioned 
paraffin blocks using the HMB450 microtome (Thermo 
Scientific), equipped with a water section transfer system, 
the sections obtained were next applied to poly-L-lysine 
treated slides for better adhesion, and left to dry in the 
thermostat (37°C) for 24 hours. 

Subsequently, we used the protocols for the classical 
histological technique for Hematoxylin–Eosin (HE) and 
the special one adapted for multiple IHC staining. 

For the classical HE staining, slides were deparaffinized, 
rehydrated with successive alcohol baths with decreasing 

concentration of 100%, 96%, 90%, 70% (5 minutes each) 
and then with distilled water (dH2O) for 15 minutes. 
After rehydration, nuclei were stained with Hematoxylin 
(30 seconds) and cytoplasm with Eosin (2 minutes). 

For IHC technique, we dewaxed the samples in three 
xylene baths (3×10 minutes), dried the tissue, delimited 
it with a Dako Pen hydrophobic marker, then rehydrated 
the tissues by passing through successive alcohol baths, 
with a descending concentration, 100%, 96%, 90%, 70% 
(5 minutes each). Then, the slides were introduced into the 
citrate solution, pH 6, for antigenic retrieval and then boiled 
in the microwave oven (650 W, seven cycles × 3 minutes), 
then left to cool at room temperature. After cooling, the 
slides were washed in three baths of dH2O for 15 minutes, 
then were placed in oxygenated water solution (H2O2) (3 mL 
of 30% H2O2 + 100 mL dH2O) for 30 minutes. Then, we 
washed the samples in dH2O and in 1% phosphate-buffered 
saline (PBS), pH to 7.4. After pH was obtained, we added 
1 mL Tween 20 (C58H114O25) for synthesis (d = 1.095–
1.105 g/cm3, hydroxyl value 96–108, saponification value 
40–50, M = 1227.72 g/mol). After washing, we covered it 
with 2.5% Normal Goat Serum (Vector RT) for 30 minutes. 
Subsequently, Normal Goat Serum was drained and the 
first primary antibody, anti-cytokeratin 7 (CK7) was added 
in the corresponding dilution (1:50) (Table 2). The antibody 
was diluted in 3% Albumin solution (0.3 g Albumin from 
bovine serum – Sigma, A9647-50G + 30 mL 1% PBS). 
The sections coated with the primary antibody were left at 
4°C for 18 hours in the humid room. The next day, we took 
out the slides and placed them in room temperature, allowed 
to warm, washed in three 1% PBS baths and covered with 
secondary antibody [Vector ImmPRESS™ Horseradish 
Peroxidase (HRP) Reagent anti-mouse immunoglobulin G 
(IgG) Peroxidase – made in goat, MP-7452] for one hour. 
The secondary antibody was washed and the staining was 
developed with Histofine 3,3’-Diaminobenzidine (DAB)–3S 
kit (Nichirei, code 415194F – Chromogen Peroxidase / 
Substrate solution). After development, the slides were 
thoroughly washed in 1% PBS solution and added for one 
hour to the acidic solution for antibody elution, pH 2 
[50 mL 20% Sodium Dodecyl Sulfate (SDS) + 1.876 g 
Glycine + 1000 mL dH2O], the solution being preheated 
to 60°C [14]. Then, we thoroughly washed the slides in 
1% PBS solution for 30 minutes. After washing, primary 
antibody combinations were added, in the corresponding 
dilutions, as follows (Table 2): anti-cluster of differentiation 
(CD) 3 + anti-CD34 + anti-CD31 / anti-CD3 + anti-CD68 / 
anti-CD3 + tryptase. The slides were again left for 18 hours 
at 4°C. On the third day, we took out the slides, placed 
them in room temperature, thoroughly washed them in 
1% PBS solution and covered them with a secondary 
antibody mixture [Universal Immuno-Peroxidase Polymer 
Anti-Mouse, Simple Stain Max PO (M), N-Histofine + 
Universal Immuno-Alkaline-Phosphatase Polymer Anti-
Rabbit, Simple Stain AP (R), N-Histofine – Nichirei 
Biosciences, Inc.] for two hours. Subsequently, we 
rigorously washed the slides in 1% PBS solution and 
developed the enzymatic stains. The anti-CD3 antibody 
was developed with Alkaline Phosphatase Chromogen / 
Substrate Solution (N-Histofine, code 415161F). We 
dripped this solution over the slides and we allowed it to 
react for about 20 minutes. After the first development, 
we rigorously washed the slides in 1% PBS solution and 
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continued with the second antibody development: anti-
CD34 + anti-CD31 / anti-CD68 / tryptase, using Permanent 
HRP Green Kit (Zytomed, ZUC070-100). Afterwards, 
we thoroughly washed them in 1% PBS solution, passed 
the slides through dH2O, stained the nuclei with Mayer’s 
Hematoxylin, washed again in dH2O and mounted them 
with aqueous medium (Vector Laboratories, Inc.; Vecta 
Mount™ AQ – Aqueous Mounting Medium H-5501). The 

slides were photographed with a Nikon DS-5Mc 5 Mp 
cooled charged-coupled device (CCD) camera mounted 
on a Nikon Eclipse 90i microscope, and controlled by 
the Image-Pro Plus AMS 7 (Media Cybernetics, USA) 
image capture and analysis package. We analyzed the 
acquired images and observed the involvement of blood 
vessels, T-lymphocytes, macrophages and mast cells in 
the evolution of adenomyosis areas. 

Table 2 – Immunohistochemical panel of antibodies used by us 

Antibody Manufacturer Clone 
Antigenic 
exposure 

Secondary antibody Dilution Labeling 

Anti-CK7 Dako OV-TL 12/30 Citrate, pH 6 Monoclonal mouse anti-human CK7 1:50 Glandular epithelia

Anti-CD3 Dako – Citrate, pH 6 Polyclonal rabbit anti-human CD3 1:50 T-lymphocytes 

Anti-CD68 Dako KP1 Citrate, pH 6 Monoclonal mouse anti-human CD68 1:100 Macrophages 

Anti-tryptase Dako AA1 Citrate, pH 6 
Monoclonal mouse anti-human mast 

cell tryptase 
1:500 Mast cells 

Anti-CD34 Dako QBEnd 10 Citrate, pH 6 
Monoclonal mouse anti human CD34 

class II 
1:50 

Blood vessels of 
neoformation 

Anti-CD31 Dako JC70A Citrate, pH 6 
Monoclonal mouse anti-human CD31, 

endothelial cell 
1:50 Endothelial cell 

CK: Cytokeratin; CD: Cluster of differentiation. 
 

 Results 

All 32 patients were investigated both clinically and 
using medical imaging techniques; after applying the surgical 
treatment, we performed morphological and morpho-
pathological studies. The average age of the patients included 
in the study varied related to their pathology (Figure 1). 

 
Figure 1 – The mean age of patients with adenomyosis. 

The symptomatology was present in all cases (pelvic 
pain, vaginal bleeding). US identified the areas of adeno-
myosis (Figure 2), and by applying surgical treatment 
(Figure 3), the pathological areas were excised and the 
associated symptomatology was treated. Macroscopically, 
the capsule of the cysts formed intramyometrically was 
identified (Figure 4) and microscopically, using the classical 
HE staining, the endometrial glands and periglandular 
stroma were found, among the myometrium myocytes. 

By using immunohistochemistry techniques, the glandular 
endometrial epithelium was labeled using the anti-CK7 
antibody, colored in brown; the periglandular blood vessels 
were stained with higher density around the outbreaks of 
adenomyosis and especially around the areas of hyperplastic-
transformed adenomyosis, with the help of anti-CD34/ 
anti-CD31 antibodies, green labeling; T-lymphocytes were 
labeled with anti-CD3 antibody and developed in red. 
All these are abundant around foci of adenomyosis and 
hyperplastic-transformed adenomyosis, compared to normal 
endometrium in proliferative and secretory phases. We used 
anti-CD68 antibody to label macrophages, stained in green. 
Also, we noted that these cells are numerous in the areas 

of adenomyosis and especially around the hyperplastic-
transformed endometrial glands. Last but not least, the 
mast cells were labeled with the anti-tryptase antibody and 
stained in green; we observed that mast cells are mainly 
grouped in the vicinity of adenomyosis regions and are 
seldom in the normal endometrium structure found in the 
proliferative and secretory phases. 

  
Figure 2 – (A and B) Ultrasound images of intra-
myometrial cysts formed by adenomyosis areas. Increased 
vascularization around the region of adenomyosis is 
observed. 

  
Figure 3 – Intraoperative images of the uterus containing 
areas of adenomyosis: (A) Adherent areas are observed; 
(B) Adenomyosis cyst bursting and a dark brown liquid 
(similar to chocolate) removal are observed. 
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Figure 4 – Macroscopic 
aspects of adenomyosis. 
Notice the brown areas at 
the level of the cyst capsule
surgically excised. 

In the tissue structures with normal fragment of 
endometrial tissue in the proliferative phase, the presence 
of narrow endometrial glands and the periglandular cell 
forming chorion was observed in classical HE staining 
(Figure 5A). By triple CK7 + CD3 + CD34 IHC staining, 
CD31 / CD68 / tryptase identifies with brown the glandular 
epithelium, with red T-lymphocytes quite abundant in the 
periglandular stroma and with green blood vessels, relatively 
low in number; macrophages in large periglandular numbers 
and extremely rare mast cells (Figure 5, B–D). 

We can observe dilated, “sawtooth”-shaped (serrated) 
glands and periglandular stroma in our tissue samples with 
endometrial tissue in secretory phase, in classical HE staining 
(Figure 6A). The triple IHC staining identifies the glandular 
epithelium labeled with anti-CK7 antibody (brown), blood 
vessels, macrophages and mast cells labeled with anti-CD34 

+ anti-CD31 / anti-CD68 / anti-tryptase antibodies (green) and 
abundant T-lymphocytes, labeled with anti-CD3 antibody (red-
pink). Macrophages and T-lymphocytes are abundant in the 
periglandular stroma, and mast cells are absent (Figure 6, B–D). 

In areas with adenomyosis, in classical HE staining, 
the endometrial glands are dilated and the stroma is peri-
glandular (Figure 7A). The triple IHC staining shows the 
glandular epithelium labeled with anti-CK7 antibody (brown), 
abundant blood vessels, labeled with anti-CD34 + anti-CD31 
antibodies, macrophages labeled with anti-CD68 antibody, 
mast cells labeled with anti-tryptase antibody (all labeled in 
green) and T-lymphocytes abundant in the periglandular stroma, 
labeled with anti-CD3 antibody (red-pink) (Figure 7, B–D). 

In the areas of adenomyosis with hyperplastic-transformed 
glands, note a poor periglandular stroma in the classical HE 
staining (Figure 8A), and using the triple IHC staining, 
note the hyperplastic-transformed glandular epithelium, 
partially marked with anti-CK7 antibody, abundant peri-
glandular blood vessels, labeled with anti-CD34 + anti-
CD31 antibodies, numerous periglandular macrophages and 
mast cells, labeled with anti-CD68 / anti-tryptase antibodies 
(all green stained), and high-density T-lymphocytes, labeled 
with anti-CD3 antibody (red) (Figure 8, B–D). 

 

Figure 5 – The endometrial glands are observed in the proliferative phase and the periglandular stroma (A–D, ×100): 
(A) HE staining; (B) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody (brown), blood 
vessels labeled with anti-CD34 + anti-CD31 antibodies (green) and abundant T-lymphocytes, labeled with anti-CD3 
antibody (red-pink); (C) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody (brown), 
macrophages labeled with anti-CD68 antibody (green) and abundant T-lymphocytes, labeled with anti-CD3 antibody 
(red-pink); (D) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody (brown), negative 
reaction to tryptase, mast cells in periglandular stroma and abundant T-lymphocytes, labeled with anti-CD3 (red-pink) 
antibody. HE: Hematoxylin–Eosin; IHC: Immunohistochemistry; CK: Cytokeratin; CD: Cluster of differentiation.  
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Figure 6 – The endometrial glands are observed in the secretory phase, with dilated appearance, in “sawtooth”-shaped 
(serrated) and the periglandular stroma: (A) HE staining, ×200; (B) Triple IHC staining showing glandular epithelium 
labeled with anti-CK7 antibody (brown), blood vessels labeled with anti-CD34 + anti-CD31 antibodies (green) and 
abundant T-lymphocytes, labeled with anti-CD3 antibody (red-pink), ×100; (C) Triple IHC staining showing glandular 
epithelium labeled with anti-CK7 antibody (brown), macrophages labeled with anti-CD68 antibody (green) and abundant 
T-lymphocytes, labeled with anti-CD3 antibody (red-pink), ×200; (D) Triple IHC staining showing glandular epithelium 
labeled with anti-CK7 antibody (brown), negative reaction to tryptase, mast cells in periglandular stroma and abundant 
T-lymphocytes, labeled with anti-CD3 antibody (red-pink), are missing, ×100. HE: Hematoxylin–Eosin; IHC: Immuno-
histochemistry; CK: Cytokeratin; CD: Cluster of differentiation. 

 

Figure 7 – The areas of adenomyosis with dilated endometrial glands are observed and the presence of periglandular 
stroma: (A) HE staining, ×200; (B) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody 
(brown), abundant blood vessels, labeled with anti-CD34 + anti-CD31 antibodies (green) and T-lymphocytes, labeled 
with anti-CD3 antibody (red-pink), ×200. HE: Hematoxylin–Eosin; IHC: Immunohistochemistry; CK: Cytokeratin; 
CD: Cluster of differentiation.  
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Figure 7 (continued) – The areas of adenomyosis with dilated endometrial glands are observed and the presence of 
periglandular stroma: (C) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody (brown), 
macrophages labeled with anti-CD68 antibody (green) and abundant T-lymphocytes, labeled with anti-CD3 antibody 
(red-pink), ×100; (D) Triple IHC staining showing glandular epithelium labeled with anti-CK7 antibody (brown), mast 
cells labeled with anti-tryptase antibody (green) in periglandular stroma, and T-lymphocytes labeled with anti-CD3 
antibody (red-pink), ×200. IHC: Immunohistochemistry; CK: Cytokeratin; CD: Cluster of differentiation. 

 

Figure 8 – The areas of adenomyosis with the hyperplastic-transformed endometrial glands are noticed and the presence 
of low periglandular stroma: (A) HE staining, ×100; (B) Triple IHC staining showing hyperplastic glandular epithelium 
partially labeled with anti-CK7 antibody (brown), abundant blood vessels, labeled with anti-CD34 + anti-CD31 antibodies 
(green), and abundant T-lymphocytes labeled with anti-CD3 antibody (red-pink), ×200; (C) Triple IHC staining showing 
hyperplastic glandular epithelium partially labeled with anti-CK7 antibody (brown), anti-CD68 antibody-labeled macro-
phages (green) and abundant T-lymphocytes, labeled with anti-CD3 antibody (red-pink), ×100; (D) Triple IHC staining 
showing hyperplastic glandular epithelium partially labeled with anti-CK7 antibody (brown), mast cells labeled with 
anti-tryptase antibody (green) in periglandular stroma, and abundant T-lymphocytes labeled with anti-CD3 antibody 
(red-pink), ×200. HE: Hematoxylin–Eosin; IHC: Immunohistochemistry; CK: Cytokeratin; CD: Cluster of differentiation.  
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 Discussions 

Adenomyosis and endometriosis are increasingly 
diagnosed in recent years, which has led to the frequent 
investigation and study of tissue changes associated with 
this benign pathology, which manifests similar to malignant 
pathologies, proliferates, develops, is well vascularized and 
transforms under the influence of hormonal, inflammatory 
and mechanical factors [5, 15–19]. 

Through our study, we have demonstrated the strong 
involvement of the inflammatory system and the peri-
glandular vascularization in the preneoplastic transfor-
mation process. 

CK7 is a cytoskeletal protein encoded in humans by 
the keratin 7 (KRT7) gene and is commonly expressed in 
the simple epithelium lining the cavities of internal organs, 
glandular ducts and blood vessels [20, 21]. Endometrial 
epithelial cells normally express this CK and we have 
shown that in hyperplastic transformations with cellular 
atypia, some of the cells lose the expression of this CK. 
Also, this CK is used in the differential diagnosis with a 
proliferative process of digestive origin [5]. 

CD34 is a transmembrane phosphoglycoprotein found 
in both humans and animals [22, 23]. It marks surface 
cell antigens and has been described for the first time in 
hematopoietic stem cells [22–26]. CD34 is also an adhesion 
molecule that facilitates the movement of T-lymphocytes 
to the lymph nodes, binding to the L-selectin found on 
the T-cell [27–29]. It has also been shown that CD34 
can block mast cells, eosinophilic cells and adhesion of 
dendritic precursors [30, 31]. In our study, we observed 
that around the endometrium in the proliferative and 
secretory phases and around the adenomyosis areas, 
mast cells are extremely rare or even absent. However, 
around areas of hyperplastic-transformed adenomyosis, 
with atypical cells, the number of mast cells increases 
considerably, which may prove that the functional balance 
of the transmembrane proteins is disrupted and the mast 
cells can no longer be blocked. 

Recent data suggest that CD34 plays an important 
role in cell migration [32, 33]. Cells expressing CD34 are 
found in the umbilical cord, in the hematogenous bone 
marrow, in the mesenchymal stem cells, in the endothelial 
progenitor cells, in the endothelial blood vessel cells, but 
are absent in the lymphatic vessels [34]. By using the 
IHC labeling, we identified periglandular neoformation 
vessels, with a role in tissue growth and development, 
therefore contributing to the proliferation of endometrial 
cells, but also underlining the possible occurrence of 
endometriosis through vascular dissemination [5]. 

To complete the labeling of the vascular endothelium, 
we used the anti-CD31 antibody, the platelet endothelial 
cell adhesion molecule-1 (PECAM-1), expressed by the 
PECAM-1 gene, located in human genome on chromosome 
17. It is found on the surface of platelets, neutrophils, 
monocytes and some types of T-lymphocytes, representing 
a large part of the intercellular junctions of endothelial 
cells and plays a role in the transmission of leukocytes, 
angiogenesis and integrin activation [35–37]. It is also 
normally located on endothelial cells, platelets, macro-
phages and Kupffer cells, granulocytes, lymphocytes 
[T-cells, B-cells and natural killer (NK)-cells], mega-

karyocytes and osteoclasts. It is expressed in certain 
tumors (epithelioid hemangioendothelioma, vascular 
tumors, histiocytic malignancies, Kaposi’s sarcoma and 
carcinomas) [38, 39]. In immunohistochemistry, CD31 
is used to demonstrate the presence of endothelial cells in 
histological tissue sections, helping to assess the degree 
of tumor angiogenesis, which may involve a rapidly 
growing tumor [40]. Through our study, we observed 
that vascularization increased in areas with hyperplastic-
transformed adenomyosis, which demonstrates that the 
angiogenesis process is increased. 

CD68 is a highly expressed protein at the level of the 
monocyte cell line (phagocytes, monocytes, osteoclasts), 
at the level of circulating macrophages and tissues 
(Kupffer cells and microglia) [41]. It represents a trans-
membrane glycoprotein with a role in activating macro-
phages that will act on specific targets. Using IHC 
methods, certain cytoplasmic granules of CD68+ cells are 
labeled, allowing the identification of some pathologies. 
Its presence in macrophages makes it useful in identifying 
conditions related to cell abnormality or proliferation 
[42, 43]. Macrophages are cells of the immune system 
that phagocytize antigens, cancer cells, or other foreign 
substances [44]. They play an important anti-inflammatory 
role, promote inflammation and stimulate the immune 
system and reduce immune reactions by releasing cytokines 
[45]. Macrophages can be divided into two classes: the 
first induce inflammation (M1) and the second class (M2), 
which decreases inflammation and promotes tissue repair, 
also being involved in adenomyosis [3, 46, 47]. Morpho-
pathological studies have shown that in adenomyosis 
areas are commonly found interglandular macrophage 
aggregates [48]. Monocyte chemotactic protein-1 (MCP-1) 
has been shown to be a β-chemokine with a role in inducing 
chemotaxis and activating mononuclear phagocytes and is 
strongly expressed in adenomyosis, compared to normal 
endometrium [49]. Studies have shown that women with 
ovarian endometriosis, adenomyosis, and uterine myomas 
undergoing treatment with GnRHa had low levels of 
MCP-1 compared to untreated women [50]. Thus, 
macrophages influence the progression of adenomyosis 
outbreaks and preneoplastic transformation [51]. M2 
macrophages are those involved in the tumor process, 
through tumor invasion and proliferation and inhibition 
of cell apoptosis. Similar to neoplasms, adenomyosis 
has an invasive growth, and in vitro studies have shown 
certain mechanisms that influence tissue transformation 
[52]. 

Adenomyosis induces repetitive, exaggerated and 
asynchronous uterine contractions, which cause micro-
lesions in the area of endometrial–myometrial junctional 
zone (EMJZ). These microlesions push the endometrium 
into the surrounding myometrium, where myometrial 
cells proliferate and become metaplastic, leading to EMJZ 
thickening [53, 54]. The aberrant immunological activity, 
found in adenomyosis, is immunohistochemically identified 
through an increased number of inflammatory cell infiltrates 
that are rich in macrophages. Macrophages can activate 
T-lymphocytes and B-lymphocytes and lead to cytokine 
production and destruction of EMJZ [55]. Expression of 
human leukocyte antigen (HLA) class II represents the first 
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step in the activation of macrophages and T-lymphocytes 
and is increased in endometrial cells from adenomyosis 
[56, 57]. 

Tryptase is the most common secretory granule present 
in mast cells and is used as a marker in activating these 
cells. It is involved in the allergic response and acts as a 
mitogenic agent for fibroblastic lines [58–62]. Mast cells 
have a major importance in the production of allergies, 
the destruction of pathogens, in the degradation of toxic 
endogenous peptides, they regulate the number, viability, 
phenotype and non-immune functions of structural cells, 
such as fibroblasts or vascular endothelial cells [63]. Mast 
cells have certain characteristics that distinguish them 
from the rest of the cells belonging to the inflammatory 
system: after migrating from vessels into the interstitial 
space, the maturation and differentiation will take place 
here, where they will carry on their activity. Mature mast 
cells secrete mediators such as histamines, proteases 
(tryptase, chymase), prostaglandins as well as numerous 
cytokines [tumor necrosis factor (TNF), interleukin (IL)-1, 
-3, -4, -5, -6, -8, -9, -13], neurotransmitters, leukotrienes 
and growth factors. This profile is unique and allows the 
mast cells to activate the inflammatory cascade that triggers 
the symptoms present in adenomyosis, affecting the rest 
of the inflammatory cells (monocytes/macrophages, 
dendritic cells, granulocytes, T-cells and B-cells) [64–69]. 
A large number of degranulated mast cells are present in 
adenomyosis [70]. Activation of mast cells and tissue 
remodeling occurs in areas with adenomyosis through 
several mechanisms. For example, mast cells express 
Toll-like receptors (TLR2 and TLR4) [71], which exhibit 
pattern recognition receptors (PRRs) that sense damage-
associated molecular patterns (DAMPs). DAMPs are 
components of menstrual residues that sometimes move 
through retrograde menstruation or vascular dissemination 
and can activate mast cells and trigger inflammatory 
responses [72]. Recently, it has been shown that mast 
cells can present estrogen receptors on their surface, and 
estrogen treatments can stimulate the production of 
inflammatory mediators. Consequently, locally produced 
estrogens can react as immunomodulators in chronic 
inflammation, autoimmune diseases, hypersensitivity 
diseases, being mediated by mast cells [73]. Anaf et al. 
[74] identified an increased number of activated mast 
cells near the adenomyosis lesions, located closely to 
the nerve fibers. Mast cells can synthesize TNF de novo, 
representing a proinflammatory factor and a pain mediator 
[75]. Stimulation of sensory nerve fibers by inflammatory 
substances can lead to the release of neurotransmitters 
such as substance P, prostaglandins and vasoactive 
intestinal peptide (VIP). Substance P interacts with mast 
cells, causing degranulation and release of other pro-
inflammatory mediators, which attract other inflammatory 
cells [76–78]. 

From an immunological point of view, CD3 (T-cell 
co-receptor) helps to activate cytotoxic T-cells (CD8+ 
naïve T-cells) and T-helper cells (CD4+). CD3 is initially 
expressed in the cytoplasm of pro-thymocytes, which will 
eventually turn into thymocytes. This antigen is present 
in the membrane of mature T-cells, and this type of 
specificity makes CD3, using immunohistochemistry, 
an ideal marker for tissue T-cells. Around the regions of 

adenomyosis, we noticed a large number of T-lymphocytes; 
also, in preneoplastic processes the number is increasing, 
which shows that they are involved in tumor proliferation 
[79]. 

 Conclusions 

Through this study, we have shown that symptoma-
tology is present in all cases of adenomyosis. Classical 
histological studies have shown the existence of endometrial 
glandular tissue in myometrial areas. By using special 
immunohistochemistry studies, we have labeled several 
tissue elements simultaneously: the epithelium with CK7, 
the blood vessels with CD34/CD31 and the cells of the 
inflammatory system with CD68/tryptase and CD3. Due 
to the influence of inflammatory factors, adenomyosis foci 
can become hyperplastic, dysplastic and even neoplastic. 
The increased periglandular vascularization demonstrates 
their involvement in the processes of cell growth and 
proliferation and supports the hypothesis suggested by 
the hematogenous dissemination by which the evolution 
of the migrated cells can be influenced. Macrophages, mast 
cells and T-lymphocytes are numerically increased in 
the periglandular areas of the adenomyosis regions. This 
fact triggers tumor development by cellular stimulation. 
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