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Immunoreactivity of CD68, granulocyte-macrophage 
colony-stimulating factors receptor and vonWillebrand 
factor and its association with dysmenorrhea severity 
and the amount of menses in adenomyosis
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Abstract: Symptomatic adenomyosis often presents as a soft and diffusely enlarged uterus with dysmenorrhea 
and menorrhagia. It is reported that higher myometrial infiltration depth is associated with dysmenorrhea in adeno-
myosis, pinpointing inflammationand angiogenesis is of critical importance in the growth, survival, and myometrial 
infiltration of endometrial cells. Therefore we investigated the pattern of changes in inflammatory reaction and 
micro-vessel density in women with and without adenomyosis. For these experiments, Ectopic and homologous 
eutopic endometrium from 50 women with adenomyosis and endometrium from age 18 and above and menstrual 
phase-matched women without adenomyosis were used for immunohistochemical analysis. Tissue sections were 
immunostained with CD68 (a macrophage marker), granulocyte-macrophage colony-stimulating factors receptor 
(GM-CSFR, binding the GM-CSF produced by macrophages), and vonWillebrand factor (vWF, a vessel marker). GM-
CSFR expression was higher in ectopic endometrium than in control endometrium, while both macrophage and mi-
cro-vessel number was higher in eutopic and ectopic endometrium than in control endometrium. Both macrophage 
number in eutopic and ectopic endometrium and GM-CSFR expression in ectopic endometrium were positively 
correlated with the severity of dysmenorrhea, and found to be significant predicators for dysmenorrhea severity. 
Increased micro-vessel number in both eutopic and ectopic endometrium were positively associated with heavier 
menses. These findings suggest that inflammation and angiogenesis may be involved in the genesis of adenomyo-
sis. They also suggest the possibility that inflammation and angiogenesis be involved in dysmenorrhea and menor-
rhagia rendering them as potential therapeutic targets in the treatment of adenomyosis.
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Introduction

Much of adenomyosis has been discovered 
only from an anatomical perspective as we 
know it is benign and features an invasive 
nature that the glands and stroma can pene-
trate deep into the myometrium. However, little 
is known about its pathogenesis and hysterec-
tomy presents as the main treatment option. 

Symptomatic adenomyosis often presents as  
a soft and diffusely enlarged uterus with dys-
menorrhea, heavy menstrual bleeding, and 
poor fertility [1]. Among women with adenomyo-
sis who complain of dysmenorrhea, the pre- 
valence rate is estimated to range between 
15-30%, but could be as high as 65-78% [2]. 
Consequently dysmenorrhea is the most preva-

lent symptom besides abnormal uterine bleed-
ing and can be very debilitating having a nega-
tive impact on people’s life and work. It is sur-
mised that even in women with endometriosis, 
persistent dysmenorrhea after surgery or dys-
menorrhea of long duration may be indicative  
of adenomyosis [3, 4], anuntapped population 
worth further investigations. Obviously there is 
a lack of weaponry of medications and the med-
ical community has to resort to hysterectomy 
as the treatment of choice for symptomatic 
adenomyosis, a procedure with huge impact on 
patients’ reproductive expectations and family 
planning. It is becoming imperative to gain fur-
ther insight to the pathogenesis and search  
for the identification of key targets involved  
in adenomyosis-associated dysmenorrhea. We 
believe our contributing efforts may offer prom-
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ises or at least point to workable directions for 
more effective treatment for adenomyosis-re- 
lated dysmenorrhea and perhaps chronic pain 
as well.

Added to the list of treatment targets included 
the findings that decreased immunoreactivity 
to progesterone receptor isoform B (PR-B) and 
increased immunoreactivity to NF-κB, oxytocin 
receptor (OTR), and transient receptor poten- 
tial vanilloid type 1 (TRPV1) were correlated 
with the severity of dysmenorrhea in women 
with adenomyosis [5-8], demonstrating their 
intimate involvement in the dysmenorrhea in 
adenomyosis. In addition, it is reported that 

lating factors receptor (GM-CSF receptor) on 
primary afferent nerve fibers [17]. Considering 
that GM-CSF was primarily expressed by the 
monocyte-macrophage system [18, 19], and 
that CD68 positive macrophages were signifi-
cantly increased in eutopic endometrium in 
women with endometriosis during all stages of 
the proliferative phase compared with normal 
controls [20], we analyzed GM-CSFR expres-
sion in adenomyosis and hypothesized that 
blockage of this receptor might be helpful in 
treating dysmenorrhea. VonWillebrand factor 
(VWF), a vessel marker, using respective anti-
bodies was also brought to the research screen 
because of its reported infiltration of CD68-

Figure 1. Immunohistochemical staining of GM-CSFRα. A. Staining in a nor-
mal endometrial tissue, using preimmune IgG, instead of the primary, anti-
body, that serves as a negative control. B. Immunohistochemical staining in 
a normal endometrial tissue. C and D. Staining in epithelial cells of eutopic 
and ectopic endometrium from a woman with adenomyosis. All magnifica-
tions were ×400. Scale bars represent 50 μm.

higher myometrial infiltration 
depth is associated with dy- 
smenorrhea in adenomyosis 
[9], pinpointing angiogenesis 
is of critical importance in  
the growth, survival, and myo-
metrial infiltration of endo- 
metrial cells. Further, as in 
endometriosis, the involve-
ment of vascular endothe- 
lial cell growth factor (VEGF) 
and other angiogenic media-
tors has long been recogni- 
zed [10-14], and it has been 
shown that SLIT, a secretory 
glycoprotein and its deriva-
tives, plays a role in increa- 
sedimmunoreactivity in en- 
dometriosis and overexpres-
sion of SLIT may be a bio-
marker candidate for recur-
rence of endometriosis [15, 
16]. Both SLIT immunore- 
activity in ectopic endometri-
um and microvessel density 
(MVD) in eutopic endometri-
um were positively correla- 
ted with the severity of dys-
menorrhea and found to be 
significant predicators for dy- 
smenorrhea severity in wo- 
men with adenomyosis [7].

The research for treatment 
targets recently led us to  
the in vivo findings that bone 
cancer pain was abrogated  
by knockdown of granulocy- 
te-macrophage colony-stimu-
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Figure 2. CD68 immunoreactivity. A. CD68 staining in a normal endometrial 
tissue, using preimmune IgG antibody instead of the primary antibody, that 
serves as a negative control. B. CD68 staining in epithelial cells from a con-
trol eutopic endometrium. C and D. CD68 staining in epithelial cells of eu-
topic and ectopic endometrium. All magnifications were ×400. Scale bars 
represent 50 μm.

positive Mf and VWF-positive micro-vessel den-
sity in the endometrial of women with endome-
triosis, adenomyosis and uterine myoma [21].

Liu et al maintained as adenomyosis and endo-
metriosis bear many resemblances in that they 
are both estrogen-dependent, anatomically 
similar in definition with similar symptom profile 
and treatment and the two often occur concur-
rently [15, 22, 23]. Indeed, it has been pro-
posed recently that both endometriosis and 
adenomyosis may result from tissue injury and 
repair [24]. This led us to believe that the above 
triad may also be closely involved in and con-
tribute to the pathogenesis of adenomyosis 
and is worthy of further research. 

nomyosis, the most common subtype seen in 
China. Their diagnoses were made by trans- 
vaginal ultrasound before surgery and his- 
tologically confirmed post-operatively, based 
on the presence of endometrial glands and 
stroma at least one lower-power field of view 
(about 10×10, or about 2-3 mm) away from  
the endometrial-myometrial junction [25]. All 
patients’ ectopic, along with their homologous 
eutopic, endometrial tissue samples, were col-
lected after hysterectomy and fixed in 10% 
buffered formalin and routinely processed for 
paraffin embedding. For controls, we also col-
lected, after informed consent, endometrial  
tissue samples through curettage from 18 wo- 

We hypothesized that, as  
in endometriosis, GM-CSFR, 
CD68 and VWF expressions 
are also elevated in adeno-
myosis, and may contribute  
to heavy menstrual bleeding 
and dysmenorrhea in adeno-
myosis. Hence, in this study 
we sought to investigate the 
expression and localization of 
the triad in eutopic and ecto-
pic endometrium of women 
with adenomyosis and in en- 
dometrium of women without 
adenomyosis. We also sought 
to determine the relationship 
among the amount of men-
ses, and severity of dysmen-
orrhea and the triad immu- 
noreactivity before we claim 
they are significant predica-
tors for adenomyosis-associ-
ated dysmenorrhea severity 
[23].

Materials and methods

Patients and tissue samples

The patients recruited to this 
study were reported previ- 
ously [5-7]. Briefly, 50 women 
with histological confirmed 
adenomyosis (excluding en- 
dometriosis) seen at Shang- 
hai OB/GYN Hospital, Fudan 
University Shanghai Medical 
College, from 2004 to 2005, 
were recruited for this study. 
All of them had diffuse ade- 
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men with surgically diagnosed benign ovarian 
cysts, but none had endometriosis, adenomyo-
sis, or myoma. The selection of the controls 
was based on menstrual phase and age be- 
sides disease status. 

All women in both study and control groups 
were premenopausal and had regular menses 
(range of the menstrual cycle lengths: 21--35 
days), with no history of hormone therapy or 
intrauterine device use for ≥ 6 months prior  
to the surgery or tissue collection. The menstru-
al phase in which the patient was at the time  
of surgery was determined based on the day 
elapsed since the last period. All endometrial 

resultant slide being stained for H&E to con- 
firm pathologic diagnosis, and the subsequent 
slides stained fort CD68, vWF, and GM-CSFRα. 
Routine deparaffinization and rehydration pro-
cedures were performed [23].

The mouse monoclonal antibodies against 
CD68 and vWF (#MS-397-P0, #MS-722-P0, 
Lab Vision Corporation, Fremont, CA, USA) and 
GM-CSFRα (sc-21764, Santa Cruz Biotech- 
nology, Santa Cruz, CA, USA) diluted to 1:100, 
1:50 and 1:50 respectively, were used as pri-
mary antibodies. For antigen retrieval, the sli- 
des were heated at 98°C in an EDTA buffer  
(pH 9.0) for a total of 30 min and cooled na- 

samples were grouped either 
in proliferative (days 1-14 of 
the cycle) or secretory (days 
15-28 of the cycle) phase. In 
both study and the control 
groups, exactly half of wo- 
men were in the proliferative 
phase while the rest half  
were in the secretory phase. 
Depending on whether they 
changed their sanitary pads < 
3, between 3 and 6, or > 6 
times a day, respectively, as 
we reported previously [5-7], 
their amount of menses dur-
ing menstruation was group- 
ed into three classes: light, 
moderate, and heavy. The 
severity of dysmenorrhea was 
classified as mild, moderate, 
and severe, as reported pre- 
viously [5-7] and roughly equi- 
valent to the verbal descrip- 
tor scale (VDS). This study 
was approved by the institu-
tional ethics review board of 
Shanghai OB/GYN Hospital.

Tissue sample, antibodies, 
and immunohistochemistry 
(IHC)

Archived, formalin-fixed, par-
affin-embedded tissue blocks 
were retrieved from the De- 
partment of Pathology, Shang- 
hai OB/GYN Hospital. Serial 
4-μm sections were obtained 
from each block, with the first 

Figure 3. vWF immunoreactivity. A. vWF staining in a normal endometrial 
tissue, using preimmune IgG antibody instead of the primary antibody, that 
serves as a negative control. B. vWF staining in epithelial cells from a control 
eutopic endometrium. C and D. vWF staining in epithelial cells of eutopic and 
ectopic endometrium. All magnifications were ×400. Scale bars represent 
50 μm.
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turally at room temperature. Sections were th- 
en incubated overnight with the primary anti-
body at 4°C. After slides were rinsed, the bio- 
tinylated secondary antibody, Supervision TM 
Universal (Anti-Mouse/Rabbit) Detection Re- 
agent (HRP) (GK500705, Shanghai Gene Tech 
Company, Shanghai), was incubated at room 
temperature for 30 min. The bound antibody 

The immunoreactive CD68 spots were count- 
ed in five different fields ofone section (*400 
magnification) by light microscopy and expre- 
ssed as the mean macrophage number per 
field in one specimen, as reported previously 
[21]. Micro-vessel numberwas assessed on 
vWF stained slides by light microscopy in the 
areas having the highest numbers of capil- 

Figure 4. Boxplot of GM-CSFRα immunoreactivity levels in normal endome-
trium from controls and eutopic and ectopic endometrium from women with 
adenomyosis.

Figure 5. Boxplot of macrophage number in normal endometrium from con-
trols and eutopic and ectopic endometrium from women with adenomyosis. 

complexes were stained for 
3-5 min or until appropriate 
for microscopic examination 
with diaminobenzidine and 
then counterstained with he- 
matoxylin and mounted.

A negative control was also 
incorporated using preim-
mune IgG instead of the pri-
mary antibody. The scoring  
of the immunoreactivity of 
GM-CSFRα was evaluated by 
digital image analysis using 
the Image Pro-Plus 6.0 (Me- 
dia Cybernetics, Inc., Bethes- 
da, MD, USA) as reported in 
[26] without prior knowledge 
of any of the clinicopatholo- 
gical information. Briefly, ima- 
ges were obtained with the 
microscope (Olympus BX51, 
Olympus, Tokyo, Japan) fitt- 
ed with a digital camera (Oly- 
mpus DP70, Olympus, Tokyo, 
Japan). A series of 10 ran- 
dom images on several sec-
tions were taken for each 
immunostained parameter to 
obtain a mean value. Stain- 
ing was defined via color in- 
tensity, and a color mask was 
made. The mask was then 
applied equally to all images, 
and measurements were ob- 
tained. Immunohistochemical 
parameters assessed in the 
area detected included (a) 
integrated optical density 
(IOD); (b) total stained area 
(S); and (c) mean optical den-
sity (MOD), which is defined 
as MOD=IOD/S, equivalent to 
the intensity of stain in the 
positive cells. 
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laries and small venules (neovascular hot 
spots). Then microvessel counting followed  
on 5 chosen 400× fields of the “hot plot” by  
the same investigator who did not know the  
history of the patients. Endothelial cells or  
cell cluster clearly separated from adjacent 
microvessels, ectopic endometrial cells, and 
other connective tissue elements were taken 
into account for microvessel counting. Vessel 
lumens were not necessary for a structure  
to be defined as a microvessel, and red cells 
were not used to define a vessel lumen. The 
micro-vessel number was defined to be the 
mean of the vessel counts obtained in these 
fields, as reported previously [21].

Results

Clinicopathological data 

The clinicopathological data were reported pre-
viously [27]. Briefly, among the 50 patients  
with adenomyosis, 6 (12%), 13 (26%), 17 (34%), 
and 14 (28%) complained having no, mild, mod-
erate, and severe dysmenorrhea, respective- 
ly. The mean age and its standard deviation 
(SD) in women with adenomyosis and without 
were 43.4 (SD=3.9, range=32-50) years and 
43.9 (SD=5.9, range=30-51) years, respective-
ly. There was no significant difference in age 
between the cases and controls (P=0.34, 
Wilcoxon’s test).

One (2%) patient reported only light menses 
during menstruation while the other 30 (60%) 

immunohistochemistry in normal, eutopic and 
ectopic endometrium

Representative immunostaining for GM-CSFRα 
in eutopic and ectopic and control endome- 
trium is shown in Figure 1. As can be seen  
from Figure 1, GM-CSFRα immunoreactivity 
was seen mostly in glandular epithelial cells 
and was localized both in cytoplasm and me- 
mbrane. CD68 staining was seen in macroph- 
age and vWF immunostaining was seen mo- 
stly in vascular endothelial cells in both con- 
trol and eutopic and ectopic endometrium 
(Figures 2, 3).

In control endometrium, no difference in GM- 
CSFRα immunoreactivity or macrophage num-
ber or micro-vessel number was found be- 
tween proliferative and secretory phases (all  
P > 0.16). In eutopic and ectopic (all P > 0.23) 
endometrium, no such difference was found, 
either.

The GM-CSFRα expression in ectopic, but not 
in eutopic endometrium, was significantly high-
er than that in the normal endometrium (P= 
0.033; Figure 4). In contrast, the macrophage 
number and micro-vessel number in both eu- 
topic and ectopic tissue was higher than that  
in the normal endometrium, and micro-vessel 
number was the highest in ectopic endome- 
trium and the lowest in the normal endome- 
trium (all P values < 0.05, Figures 5 and 6). 
Macrophage number both eutopic and ectopic 

Figure 6. Boxplot of micro-vessel number in normal endometrium from con-
trols and eutopic and ectopic endometrium from women with adenomyosis. 

and 19 (38%) patients com-
plained of having moderate 
and heavy menses, respec-
tively. No relationship was 
found between the severity  
of dysmenorrhea and the 
amount of menses (Spear- 
man’s rank correlation r= 
0.15, P=0.31), between se- 
verity of dysmenorrhea and 
the uterus size (r=0.19, P= 
0.19), or between uterus size 
and the amount of menses 
(r=0.07, P=0.64). The time 
elapsed from the first diag- 
nosis of adenomyosis to sur-
gery ranged from 0.25 month 
to 144 months, with a me- 
dian length of 36 months or  
3 years [23].

GM-CSFRα, CD68 and vWF 
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endometrium were significantly correlated with 
micro-vessel number in eutopic tissue. (r= 
0.738 and r=0.643, both P values < 0.05). 
These results suggest that inflammation and 
angiogenesis was higher in eutopic and ecto- 
pic endometrium as compared with control 
endometrium. 

Amount of menses and micro-vessel number

Since there was only one woman who reported 
light menses, we divided all cases into two 
groups: women who reported light and moder-
ate menses, and those who reported heavy 

plaints [28], optimal treatment modality for 
symptomatic adenomyosis remains elusive. We 
have seen reports that heavy bleeding and dys-
menorrhea are both associated with the depth 
of invasion of adenomyotic glands into the myo-
metrium and with the density of deep endome-
trial glands with the myometrium [9, 29-33]. 
However these findings are far from conclusive 
as other studies report that adenomyosis-relat-
ed symptoms could be non-specific and related 
to other associated pathological conditions 
[34, 35]. Few biomarkers for heavy bleeding or 
dysmenorrhea or its severity in adenomyosis 
have been identified and the hunt for the pre-

menses. We found that mi- 
cro-vessel number staining  
in both eutopic and ectopic 
endometrium was significant-
ly higher in women with he- 
avy menses than those with 
light/moderate menses (P= 
0.011, P=0.004; Figure 7). 

Relationship between dys-
menorrhea severity and 
macrophage number and 
GM-CSFRα immunohisto-
chemistry

Since dysmenorrhea is ano- 
ther major complaint in wo- 
men with adenomyosis, we 
next attempted to examine  
as whether these biomar- 
kersare associated with the 
severity of dysmenorrhea in 
women with adenomyosis. We 
found that macrophage num-
ber in both eutopic and ecto-
pic endometrium were sig- 
nificantly correlated with the 
severity of dysmenorrhea (r= 
0.308 P=0.029 and r=0.405 
P=0.004; respectively). We 
also found that GM-CSFRα 
expression in ectopic endo-
metrium was significantly cor-
related with the severity of 
dysmenorrhea (r=0.306 P= 
0.031) (Figure 8).

Discussion

Presentingcy heavy menstru-
al bleeding and dysmenor-
rhea as the top two com-

Figure 7. Boxplot of micro-vessel number andamount of menses in adeno-
myosis. “Mod.” is an abbreviation of “Moderate”.
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dictors of the symptoms and signs in adeno-
myosis remains [28]. 

It was reported that endometriotic epithelial 
cells express the macrophage colony stimu- 
lating factor receptor (M-CSFR) which was 
found in nearly 70% of endometriosis patients 
compared with a statistically significant lower 
percentage in normal endometrium [36]. The 
ligand M-CSF was primarily produced by the 
monocyte-macrophages system, which also 
secreted GM-CSF [18, 19]. It was reported in 
vivo that GM-CSFR were functionally express- 
ed on afferent nerve fibers and its blockage  
led to reduced tumor growth and pain abroga-
tion [17]. Our study shows higher GM-CSFR 
expression in ectopic endometrium than in  
control endometrium and, interestingly, GM- 
CSFR expression in ectopic endometrium were 
positively correlated with the severity of dys-
menorrheal, suggesting this receptor to be a 
predictor of treatment targets for adenomyosis-
associated heavy bleeding and dysmenorrhea.

It was reported that the expression of CD68  
as well as other biomarkers was significantly 

higher in peritoneal fluid macrophages obtain- 
ed from women with endometriosis than in  
controls [37]. Report showed that a significant 
increase in macrophage cell numbers was sh- 
own in eutopic endometrium in women with 
endometriosis during all stages of the pro- 
liferative phase compared with normal con- 
trols [20]. There was a significant elevation of 
macrophages in both normal peritoneum and 
peritoneal lesions from women with endo- 
metriosis compared with normal peritoneum 
from women without endometriosis, suggest-
ing these cells may well play roles in the grow- 
th and development of endometriotic lesions 
and in the generation of pain through interac-
tion [38]. Interestingly, our study also points to 
that direction that a higher number of macro-
phage was seen in eutopic and ectopic endo-
metrium than in control endometrium and can 
offer as a predictor for dysmenorrhea seve- 
rity. The close linkage between biomarker like 
CD68 and angiogenesis and inflammatory pro-
cess is intriguing.

There has been report that the VWF-positive 
micro-vessel density was significantly decrea- 

Figure 8. Boxplot of immunoreactivity of GM-
CSFRα and macrophage number and the 
severity of dysmenorrhea in adenomyosis. 
“Mod.” is an abbreviation of “Moderate”.
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sed in the endometria of women with endo- 
metriosis, adenomyosis and uterine myoma in 
the GnRHa-treated group when compared with 
that in the non-treated group [21]. Marked 
decreases in inflammatory and angiogenic re- 
sponses were observed in lesions and myome-
trium of these diseases. Given the relatively 
objectivity in the measurement of menses, our 
finding that VWF-positive micro-vessel number 
and heavier menses are positively associated 
offers a strong clue and important addition to 
the possible set of biomarkers for symptoma- 
tic adenomyosis.

In conclusion, we had the unique luxury of  
using the triad of CD68, GM-CSFR and vWF as 
possible biomarkers to probe further into the 
pathogenesis of adenomyosis and confirm- 
ed their participation through the intricate pro-
cess of inflammation and angiogenesis. The 
finding that inflammation and angiogenesis  
are entangled with dysmenorrhea and menor-
rhagia is phenomenal as they can be future 
treatment targets offering a brand new set  
of treatment modality.   
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