
Introduction

Menopause is a natural process that occurs in women as a

normal part of aging [1]. The average age of menopause is 51

years. Menopause causes dramatic hormonal changes, such

as the ablation of estrogen, which can affect the immune-

regulatory system. Estrogens, which are female sex hor-

mones, regulate growth, differentiation, and the function of

many reproductive tissues. During the menopausal period,

estrogen levels are chronically reduced. As a result, impair-

ment of immune functions [2], osteoporosis [3], cardiovas-

cular diseases [4], cognition, learning and memorization [5],

and many neurodegenerative problems can occur [6]. 

Bortezomib (BORT) is a novel proteasome inhibitor that

has been used in preclinical and phase 1 studies and has

been shown to induce anti-myeloma activity. Normally, pro-

teasome activity is important for healthy cell life and cycles.

It is known that proteasome activity is effective in the reg-

ulation of some protein groups which play an important role

in cell cycle control, the beginning of the transcription

process, apoptosis, and intracellular signalling, as well as

not-required (incorrectly synthesized, damaged, or oxidized)

proteins [7]. Actually, proteasome inhibition leads to the

suppression of nuclear factor kappa B (NF-κB), which is

one of the most important intracellular pathways [8]. On the

other hand, the suppression of NF-κB can inhibit regulation

of the transcription of various genes which code the pro-

apoptotic and anti-apoptotic proteins of apoptosis, cell pro-

liferation, growth factors, cytokines, and cell adhesion

molecules [9].

Proteasomal pathway inhibition may lead to a variety of

effects at the cellular and tissue levels, such as aging, geri-

atric diseases, BORT resistance, deficiency of estrogen, and

some transcription factors. In the current literature, there are

few studies that include the effects of BORT on uterine tis-

sue. One of these studies demonstrated that BORT treatment

had positive effects on a patient who was suffering from

uterine cancer [10]. In addition, the authors showed that it

led to an increase in cell death in the endometrial carcinoma

cell line under in-vitro conditions [11]. The present study is

the first experimental study that aimed to show the possible

effects of BORT on uterine tissue. The possible effects of

BORT treatment on uterine tissue were investigated by

using morphometric, histopathological, and immunohisto-

chemical methods.
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Summary

Bortezomib (BORT) is an anti-tumour agent that inhibits proteasome, which is responsible for the degradation of many intracellular

proteins. Although some side-effects and chemotherapeutic effects of BORT are known, there has not been enough research regarding

its effects on different tissues of proteasome inhibition in the senile period (post-menopausal). The aim of this study was to investigate

the safety of using BORT during the post-menopausal period. The post-menopausal effects of BORT were investigated on ovariec-

tomized (OVX) Spraque-Dawley rats. The female rats were separated into three groups: control, ovariectomized (OVX), and OVX +

BORT. OVX and OVX + BORT groups consisted of six rats in each. BORT was administered intraperitoneally in a dosage of 0.2 mg/kg

two days a week for four weeks after OVX. The uteri of the rats were investigated using morphometrical, histopathological, and im-

munohistopathological methods. A striking atrophy in the endometrium and myometrium was observed due to an estrogen deficiency

in the OVX group. The partial protective effect of BORT administration was observed morphometrically and histopathologically. In im-

munohistochemical research, cytoplasmic NF-κB activity was observed in the presence of proteasome inhibition in the endometrium.

In light of these findings, the limited protective effects of post-menopausal BORT administration are worth mentioning.
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Materials and Methods

Animals and experimental groups
The animals used in this study were kept in facilities accred-

ited by international guidelines and the studies were approved and

conducted in accordance with the Institutional Animal Care and

Use Committee of Ataturk University. Eighteen adult (12 week-

old) female Sprague-Dawley rats were used from the Ataturk Uni-

versity Experimental Animal Laboratory (ATADEM). The

animals were housed in groups of six per cage for at least seven

days under controlled conditions of constant temperature/humid-

ity and were exposed to a 12-hour light/dark cycle. The rats were

randomly allocated into three groups: 1) healthy control group

(group 1, n = 6), 2) ovariectomized (OVX) group (group 2, n = 6),

and 3) OVX + BORT group (group 3, n = 6).

Experimental models
OVX procedure
A bilateral OVX was performed by making a longitudinal inci-

sion (0.5–1 cm) in the midline area of the lower abdomen, re-

moving the ovaries, and closing the skin incision. For the two days

following OVX, 25 mg/kg of metamizol sodium was adminis-

tered to the rats as an analgesic. The OVX rats were separated into

two groups (group 2 and 3). The rats in Group 2 were kept alive

for 12 weeks. On the eighth week, 0.2 mg/kg of BORT was in-

traperitoneally applied to group 3, twice a week for a month [12].

Research methods
Histological examination
Each uterus was fixed in 10% formalin solution for 48–55

hours, dehydrated in a graded alcohol series, embedded in paraf-

fin wax, and sectioned using a microtome. For light microscopic

histological examination, sections were stained with Hematoxylin

& Eosin (H&E). The slides were covered and photographs were

taken using a light microscope with a camera attachment.

H&E staining was performed on ten sections with five-μm

thicknesses that were obtained systematic randomly from each

group’s specimens (ten sections were examined in the sampling

range of 1/10. After the first section, 11 sections were used. There-

fore, tissue samples were obtained in the range of 500 μm). En-

dometrium and myometrium thicknesses were computed under a

×4 objective microscope.

Immunohistochemical staining of NF-κB
Paraffin-embedded lung samples were used for a p65 subunit of

NF-κB immunohistochemistry. Tissue sections of five-µm were

deparaffinised in xylene and rehydrated in ethanol followed by

water and phosphate-buffered saline. Endogenous peroxidase was

blocked by immersion in 3% hydrogen peroxide. The tissue sec-

tions were then incubated with NF-[kappa] B antibody at a con-

centration of five µg/ml for one hour at room temperature. Control

sections were incubated with phosphate-buffered saline contain-

ing normal goat serum without a primary antibody. Immunos-

taining was then detected with a streptavidin-biotin complex kit

and developed with diaminobenzidine tetra-hydrochloride. The

sections were counterstained with Mayer hematoxylin followed

by light microscopy.

Statistical analysis
Data were analyzed using the Statistical Package for the Social

Sciences (SPSS version 19.0) Software. A comparison of wall

thicknesses of the endometrium and myometrium was performed

using ANOVA. A p < 0.05 was considered significant.

Results 

Morphometric results
The results regarding endometrial and myometrial wall

thickness are given in Table 1 and Figure 1. When endometrial

thicknesses were evaluated, there were significant differences

between the OVX and OVX + BORT groups when compared

with the control group. There were also significant differences

between the OVX and OVX + BORT groups (p < 0.05). 

Figure 1. — The appearance of morphometric features in the uterine endometrium, including both decreasing the number of endome-

trial glands and endometrial thickness. (Control groups = A, OVX groups = B, OVX+BORT groups = C; L: uterine lumen, E: endo-

metrium, M: myometrium) Dye: H&E, Bar: 200 µm

Table 1. — Endometrium and myometrium thickness re-
sults of experimental groups.
Groups Endometrium (µm) Myometrium (µm)

mean ± SD p value mean ± SD p value

Control 526.16±126.64

a

0.000 273.13±76.73

x

0.000

OVX 137.41±62.29

b

0.000 141.21±37.13

y

1.000

OVX+BORT 236.67±35.95

c

0.000 129.20±36.23

y

1.000

The mean of each character (

a

,

b

,

c

; 

x

and 

y

) is statistically differences between groups.
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Regarding myometrial thickness, there were significant

differences between the OVX and OVX + BORT groups

when compared with the control group (p < 0.05), but there

were no significant differences between the OVX and OVX

+ BORT groups (p > 0.05).

Histopathological results
Control group
All layers of the uterine histological structure had a nor-

mal appearance. That is, the endometrium, myometrium,

and perimetrium were distinctly observed. The lumen of

the uterus was centrally located (Figure 1A). The lamina

epithelium of the endometrium was composed of simple

columnar epithelium and its euchromatic nucleus had a nor-

mal appearance (Figures 2A-B). The vascular structure and

glandule uterine, which were located on the endometrium,

appeared normal (Figure 2A). The circular and longitudinal

smooth muscles of the myometrium layer had a normal ap-

pearance (Figure 1A). 

OVX group
When histopathological changes were determined in the

OVX group, there were some marked differences in the en-

dometrium (Figure 1B) and myometrium. For example, the

epithelial layer of the endometrium had changed into sim-

ple cuboidal or squamous epithelial cells (Figure 2D). In-

flammatory cell infiltration was observed in the

endometrium (Figure 2C). There was a decrease in the

thickness of the myometrium as compared to the control

group. The muscle cells of the myometrium had small and

hyperchromatic nuclei.

OVX + BORT group
In this group’s sections, general uterine structure was pro-

tected when compared with the OVX group. The epithelial

layer of the endometrium was composed of simple colum-

nar cells; however, in some areas, there were limited

cuboidal and squamous cells (Figure 2F). There was a de-

crease in the density of the inflammatory cells’ infiltration

of the endometrium as compared to the OVX group (Fig-

ures 2E-F). The smooth muscle cells of the myometrium

had small and hyperchromatic nuclei.

Immunohistochemical results
In the control group’s section, NF-κB p65 immuno-pos-

itivity was only observed in the vascular structure and en-

dothelial cells (Figures 3A-B). In the OVX group, many of

the endothelial cells were immune-positive. Endometrial

stromal cells had also a slight immuno-positive reaction for

NF-κB p65 (Figures 3C-D). When looking at the OVX +

BORT group’s section, there were a few immuno-positive

cells (Figures 3E-F).

Discussion

In this study, the authors examined the effects of adminis-

tering BORT, a proteasome inhibitor agent, to the uterus in

the post-menopausal period using morphometric, histopatho-

logical, and immunohistochemical methods. In the first part

Figure 2. — In OVX groups, uterine histopathological changes are observed including a decrease in the number of uterine glands and their de-

generation (white arrow). In OVX and OVX + BORT groups, histopathologic changes are also seen at columnar epithelium cover (black arrow).

(Control groups = A-B, OVX groups = C-D, OVX+BORT groups = E-F; L: uterine lumen, E: endometrium, M: myometrium, gu: uterine gland,

black arrow: uterine epithelium, white arrow: degeneration of uterine gland, black square: inflammatory cell infiltration). Dye: H&E.
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of this evaluation, a significant increase was detected in the

level of uterine weight against estrogenic activity when the

various estrogen treatments’ effects on OVX rats were com-

paratively examined. This case was expressed as an increase

in the thicknesses of the endometrium and myometrium. The

myometrium had more improved than normal under the es-

trogen effects. This improvement was proven by both the

growth and proliferation of muscle cells [13]. Many smooth

muscle cells began to have the ultrastructural features of pro-

tein-secreting cells related to their estrogen usage and ac-

tively synthesized collagen. Thus, the uterine collagen level

significantly increased [14-16].

There was a significant decrease in endometrial thick-

ness in the experimental groups when compared with the

control group. The highest level of endometrial thickness

was 526.16±126.64 µm, which belonged to the control

group. The lowest level of endometrial thickness was

137.41 ± 62.29 µm, which belonged to the OVX group.

In this case, it has been shown that OVX and the disappear-

ance of female sex hormones had a significant impact on the

structural elements of a single epithelial layer and the connec-

tive tissue of the endometrium. This effect is probably emerg-

ing as a quantitative decrease in blood vessels, collagen

amounts, and connective tissue cells. It was detected that en-

dometrial thickness of the OVX + BORT treatment group

(236.67 ± 35.95 µm) was statistically different from the other

two groups, but it was less than 526.16 ± 126.64 µm in the con-

trol group and more than 137.41±62.29 µm in the OVX group.

In other words, it was observed that BORT treatment inhibited

the negative effects of OVX on endometrial thickness. 

The second part of the present discussion focused on his-

tological detections. In their histopathological study, Faw-

cett et al. [17] observed 1) atrophy on OVX and non-treated

rat uteri, 2) the transformation of prismatic epithelium to

cubic epithelium, 3) atrophy in endometrial glands, 4) reg-

ulation of stromal connective tissue fibres to tight-intensive

form, and 5) shrinkage and hyperchromasia of stromal cells

and smooth muscle cells [18, 19].

In a study by Iguchi et al., the authors proved that at-

rophic changes occurred in uterine smooth muscle [20, 21].

Regarding this issue, the present study is consistent with

the current literature data. In addition, BORT treatment may

be morphometrically and histopathologically protective.

The natural structure of the uterus was protected by itself

when the OVX + BORT treatment group was histologically

examined.

The third part of the present discussion focused on the

immunohistochemical results. Normally, IκB is phospho-

rylated on the terminal serine residues and thus is targeted

to poly-ubiquinone. Then it is degraded by the proteasomal

pathway. The degradation of IκB enables NF-κB to enter

into the core as a transcriptional factor and bind to the tar-

get gene region on the DNA [22, 23]. However, there is a

second pathway in which NF-κB can be activated. In this

case, there is no need for proteasomal degradation of IκB.

Therefore, it is not affected by a proteasome inhibitor such

as BORT. This is called an atypical pathway. It is not nec-

essary for NF-κB to enter into the core by nuclear tran-

scription and be activated by proteasome in an atypical

pathway. This second NF-κB pathway depends on phospho-

Figure 3. — In OVX + BORT groups, NF-kB immunopositive cells (black arrow) are detected in the basal layer of the endometrium in

rat. (Control groups = A-B, OVX groups = C-D, OVX+BORT groups = E-F; L: uterine lumen, E: endometrium, M: myometrium, gu:

uterine gland, black arrow: NF-kB (p65) immunopositive cells). Dye: NF-kB (p65) antibody.
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tyrosine. Aging may be responsible for chronic activation

of NF-κB. Therefore, NF-κB induction is thought to be one

of the cellular effects of aging that may lead to activation of

the atypical pathway [24].

In the present study, immunopositivity was not observed

on the muscle bundles of muscular layers, uterine glands,

and single epithelial layer of the endometrium of the uterus

in all experimental groups, when NF-κB p65 immunoreac-

tivity was evaluated on the endometrium, myometrium, and

perimetrium layers of the uterus. One of the common find-

ings in all the present study groups was that NF-κB p65 im-

munoreactivity was clearly positive only in blood vessels and

endothelial cells. Strong nuclear and cytoplasmic NF-kB in-

volvement was observed in the stromal cells of the en-

dometrium, especially in some stromal cells in the

endometrium basalis in the OVX group. NF-kB immunore-

activity was evident in the stromal cells but cytoplasmic in-

volvement was related to the OVX + BORT treatment group.

In light of the data the present authors obtained, they can

say that first there was marked degeneration in the en-

dometrium (connective tissue) and myometrium (smooth

muscle tissue) layers of the uterus during the menopausal

period, as well as a lack of sex hormones (especially estro-

gen). In other words, the preventive and curative effects of

BORT (proteasome inhibition) may be partially considered.

The current literature indicates that proteasome inhibition

(BORT treatment) is equal to NF-kB inhibition [11]. As a

consequence, this study demonstrated that OVX will have

some adverse effects on the uterus (as in the literature) [18-

19]. A limited preventive effect of proteasome inhibition

was detected by using morphometric and immunohisto-

chemical methods. This study can contribute two impor-

tant findings to the literature on BORT: first, estrogen

deficiency activates the NF-κB pathway in the en-

dometrium, and second, NF-κB exhibits a cytoplasmic re-

action in a proteasome-independent way.
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