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A B S T R A C T   

The gold standard for diagnosing endometriosis is by laparoscopic visual demonstration of ectopic endometrial 
lesions outside the uterus, preferably verified by biopsy and microscopical examination. Molecular markers to 
facilitate the microscopical diagnosis of endometriosis and for distinguishing endometriosis from other benign 
and malignant lesions are lacking. Our aim was to test and validate an immunohistochemical antibody panel for 
improved diagnostic accuracy of endometriosis. Both CD10 and HOXA11 have been implicated in regulation of 
endometrial homeostasis. Here we have analyzed the expression pattern of these two proteins using immuno
histochemistry on human tissues in a tissue microarray format. CD10 and HOXA11 expression in endometriosis 
lesions were compared to expression patterns in a range of normal tissues and in primary- and metastatic lesions 
of endometrial-, cervical- and ovarian cancer. HOXA11 and CD10 were expressed in 98% and 91% of endo
metriosis lesions and the combined double-positive expression profile of both HOXA11 and CD10 was highly 
sensitive for ectopic endometrial tissue (90%). The specificity and sensitivity for this double-positive signature in 
endometriosis was significantly different from all investigated tissues, cancers and metastases except normal, 
eutopic endometrial- and cervical mucosa. The combination of HOXA11 and CD10 expression profiles provides a 
useful tool to identify ectopic endometrial tissue and for distinguishing endometriosis from various types of 
gynecological malignancies and metastases.   

1. Introduction 

Endometriosis is a gynecological disease characterized by functional 
endometrial-like tissue outside the uterine cavity that grows in response 
to estrogen. These endometriotic lesions cause inflammation accompa
nied by other complications which is often manifested in various non- 
specific symptoms such as chronic pelvic pain and infertility (an esti
mated 25–50% of infertile women suffer from endometriosis) [1-5]. 
There are three main forms of endometriosis: superficial endometriosis, 
endometrioma (ovarian cysts) and deep infiltrating endometriosis [6,7]. 
Although, the most common localization of lesions is in the pelvic cavity 
(e.g. the ovaries, the fallopian tubes, rectum, cervix, vagina) and the 
pelvic peritoneum, it can also affect more distant sites [3,8]. 

The time from onset of disease to diagnosis is around 8–10 years [9- 

11] mostly due to the challenge of discriminating endometriosis symp
toms from other non-specific and overlapping symptoms of other com
mon gynecologic and non-gynecologic conditions [2]. Moreover, there 
are currently no non-invasive clinical tests to diagnose endometriosis 
[12,13]. Although some proteins have emerged as candidate biomarkers 
in serum [12,14-16], endometrium [17], urine [18] or peritoneal fluids 
[19]. 

Visual inspection of ectopic endometrial-like tissue outside the 
uterus at laparoscopy remains the gold standard for a definitive diag
nosis. Although immunohistochemical examination of biopsies to com
plement and confirm the diagnosis (and to discriminate from malignant 
lesions) in suspected endometriosis lesions is a simple and feasible 
molecular analysis, complementary histological confirmation of peri
toneal lesions is merely considered good clinical practice (except for 
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ovarian endometrioma or deeply infiltrating disease), when histological 
examination is recommended to exclude malignant lesions [20,21]. 

No current guidelines recommend the use of specific immunohisto
chemical diagnostic markers to accompany microscopical verification, 
but the membrane metallo-endopeptidase protein marker CD10 has 
been suggested as an endometrial stroma marker [22-25]. Although 
having a relatively high sensitivity for endometriosis (staining roughly 
80–96% of cases), CD10 is also expressed by other normal- and patho
logical tissues, including stroma of normal cervix, uterine sarcomas, 
endometrial-, and ovarian cancers [26-30], which limits the usefulness 
of CD10 as a stand-alone marker for peritoneal endometriosis. 

To identify new immunohistochemistry markers for endometriosis 
we searched the Human Protein Atlas database [31,32] and identified 
the transcription factor HOXA11 as a possible candidate. HOXA11 is 
expressed by endometrial stromal cells and predominantly lacks 
expression in tumor cells/stroma of female cancers. Global tran
scriptomic analysis has also shown that the HOXA11-gene is expressed in 
normal endometrial- and cervical stroma, and in smooth muscles [33]. 
Interestingly, the expression levels of the HOX genes HOXA10 and 
HOXA11 are stable in women with endometriosis compared to the 
normal fluctuations found during the menstrual cycle in controls [34]. 
These transcription factors are furthermore crucial for the formation of 
uterus and cervix during embryonal development and are also important 
for the implantation of embryos into the endometrium [35]. Dysregu
lation of these genes is therefore suspected to contribute to the infertility 
affecting endometriosis patients [36]. 

Here we have evaluated CD10 and HOXA11, both as stand-alone 
markers and combined as a double staining signature on consecutive 

sections, to explore their role in clinical pathology as potential markers 
for endometriosis. Hematoxylin and eosin (H/E) staining is usually 
enough with CD10 to identify endometriosis, but the use of HOXA11 
could provide more accuracy in difficult cases. 

2. Materials and methods 

2.1. Identification of potential endometriosis biomarkers 

We searched The Human Protein Atlas database (www.proteinatlas. 
org, [32]) for proteins with a high degree of specific expression in 
normal endometrium and endometrial stroma and low level of expres
sion in gynecological cancers. Protein expression and transcriptomics 
data were assessed using strategies described elsewhere [31,33]. 

2.2. Patient cohorts 

Ethical permissions for the collection and use of retrospective tissue 
samples without prior patient consent were obtained from local ethics 
committees (Ups 02-577 and 445/2007) according to Swedish legisla
tion (SFS 2003:460, §15). Tissue samples assembled in tissue microarray 
(TMA) format were obtained from several sources (Table 1). The 
metastasis-, endometrial- and cervical cancer TMA sets were generated 
as previously described [37-39]. Samples included in the endometriosis- 
and ovarian cancer TMA sets were obtained from the Uppsala Akade
miska Hospital pathology archives. The “Endometriosis TMA” was spe
cifically designed for this study as a retrospective cohort. Patients 
eligible for inclusion were identified by searching the pathological 

Table 1 
Source and number of tissue types and cancer cases included in this study.  

Cohort and tissue type Sum Endometriosis TMA Endometrial cancer TMA Cervical cancer TMA Ovary cancer TMA Metastasis TMA, subset 

Endometriosis       
Endometriosis  50  50     

Normal tissues       
Fallopian tube  30  20    10  
Ovary  20  20     
Colorectal  30  30     
Vagina  9  9     
Cervix, glandular  7  7     
Cervix, squamous  17  17     
Endometrium  90  65  25    

Endometrial cancer       
Endometrial cancer  267  10  233    24 
Endometrial cancer metastases  22      22 

Ovarian cancer       
Ovarian endometroid cancer  18  5    10  3 
Ovarian serous cancer  24     19  5 
Ovarian cancer metastasis  55     5  50 

Cervical cancer       
Cervical cancer, adeno  12    12   
Cervical cancer, squamous  133    98   35 
Cervical cancer metastases  24      24 

Others (not included in primary analyses)       
Endometrioma, ovarian  45  45     
Adenomyosis  4  4     
Endometrial cancer, seropapillary  2      2 
Endometrial cancer, clear cell  1      1 
Endometrial cancer, mixed type  2      2 
Cervical cancer, unknown subtype  4    4   
Cervical cancer, basaloid  1      1 
Cervical cancer, clear cell  3    3   
Ovarian, clear cell cancer  8  5    3  
Ovarian, papillary  2     2  
Ovarian, mucinous cancer  6     6  
Ovarian, mixed type  1      1 
Ovarian, borderline serous  8     8  
Ovarian, borderline mucinous  5     5  
Ovarian, borderline endometroid  1     1  
Ovarian, cyst mucinous  13     13  
Ovarian, cyst serous  4     4   
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database: only patients with endometriosis confirmed by pathologist 
between 2008 and 2010 were selected. Patients with previous or current 
cancer or with too little material for TMA production were excluded. In 
total 50 cases of endometriosis were included alongside other types of 
normal and cancer tissues. In addition, 45 cases of ovarian endome
trioma were included but were not the focus of this study (the expression 
data for ovarian endometrioma is presented in Supporting information 
1). Tissue microarrays were constructed as described elsewhere [40]. 

2.3. Immunohistochemistry and slide scanning 

Immunohistochemistry (IHC) was performed as described elsewhere 
[40]. Briefly, 4 μm thick TMA-sections were collected on Superfrost Plus 
slides (Menzel-Gläser, Braunschweig, Germany). Automated IHC was 
performed using a LabVision Autostainer 480S (Thermo Fisher Scienti
fic, Runcorn, UK). Primary antibodies against CD10 (1:1500, Novocas
tra, Newcastle, UK) and HOXA11 (HPA035623, 1:400, Atlas Antibodies, 
Stockholm, Sweden) were diluted in UltraAb Diluent (Thermo Fisher 
Scientific, Fremont, CA, USA) and applied for 30 min at room temper
ature. Secondary reagent (anti-rabbit/mouse HRP-conjugated Ultra
Vision; Thermo Fisher Scientific, Runcorn, UK) was applied for 30 min at 
room temperature. Slides were developed for 10 min using the avidin- 
biotin peroxidase staining technique (Vector Elite; Vector Labora
tories, Burlingame, CA, USA) using 3,3-diaminobenzidine as the sub
strate, counterstained with Mayer's hematoxylin for 5 min (Sigma- 
Aldrich, St. Louis, MO, USA) and coverslipped with Pertex (Histolab AB, 
Gothenburg, Sweden). Stained slides were scanned into high-resolution 
digital images using an Aperio ScanScope XT Slide Scanner (Aperio 
Technologies, Vista, CA, USA). 

2.4. Annotation, cut-offs and statistical evaluation 

Blinded to clinical data, stained tissue cores were annotated inde
pendently by two authors. The different annotation sets were compared 
and consensus reached for discrepant annotations. Staining intensity 
was graded as either “Negative”, “Faint” or “Distinct”, and quantified as 
an estimated percentage of stained stromal cells immediately sur
rounding glandular, epithelial or tumor tissue. “Stroma immediately 
surrounding” was defined as the distance of 1–4 cell layers from the 
edges of tissue areas containing glandular, epithelial or tumor tissue. 
The annotation data was dichotomized into “Negative”, “Weak” and 
“Strong” categories, where “Distinct, <25%” or “Faint, any fraction” was 
defined as “Weak”, and “Distinct, >25%” was defined as “Strong”. 

To compare sensitivity and specificity of the different markers in 
endometriosis versus other tissue/cancer types we performed Receiver 
Operating Characteristics (ROC) analyses, with an asymptotic signifi
cance of p < 0.05 being considered as significant. Statistical analyses 
were performed with IBM SPSS (version 22.0; IBM Corp., Armonk, NY, 
USA). 

3. Results 

3.1. HOXA11 expression in endometriosis and normal tissues 

We analyzed the expression of HOXA11 in endometriotic lesions and 
in tissues commonly affected by endometriosis by IHC (Fig. 1). There 
was strong staining for HOXA11 in 98% of all cases of endometriosis 
(45/46), 85% of eutopic endometrium (71/83) and in 95–100% of 
cervical and vaginal tissues. Fallopian tube, ovary and colorectal tissues 

Fig. 1. HOXA11 and CD10 expression in normal tissues. 
Colored bars next to the micrographs show the distribution of cases scored either as strong (dark red), weak (pale red) or negative (white) for the particular antibody 
and tissue type. The length of the bar represents 100%. Representative micrographs showing CD10 or HOXA11 expression from consecutive sections are shown next 
to the bars. The text within each micrograph indicates the score that was established for that particular case and staining. Green colored bars indicate the combined 
score of both CD10 and HOXA11 per case and tissue type. Dark green color indicate that both CD10 and HOXA11 were scored as “strong”, pale green color indicate 
that one antibody-staining per case was scored as strong whereas the other was scored as either weak or negative, and light gray color indicate that both antibodies 
were scored as either weak or negative per case. The raw data, which is underlying the bars, is depicted to the right. (For interpretation of the references to color in 
this figure legend, the reader is referred to the web version of this article.) 
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were predominantly negative or weakly stained for HOXA11. Thus, 
HOXA11 has a high sensitivity for identifying endometrial tissue while 
also being strongly expressed in cervix and vagina. This expression 
profile is consistent with protein and mRNA expression data from the 
Human Protein Atlas, where HOXA11 transcripts are expressed at least 
4-fold higher in endometrium, cervix, urinary bladder stroma and 
smooth muscle compared to the mean expression of all other analyzed 
tissue types [33]. 

3.2. Comparison of HOXA11 and CD10 expression 

CD10 is an endometrial stroma marker which has been suggested for 
diagnosing endometriosis [23-25]. CD10 was stained and scored using 
similar regimens as for HOXA11. Compared to HOXA11, CD10 had a 
slightly lower sensitivity for detecting endometriosis (91%, 38/42) 
which was comparable with the sensitivity for eutopic endometrium 
(93%, 79/85). In stroma surrounding cervical glandular cells, cervical 
epithelial cells and vaginal epithelial cells, CD10 staining scores varied 
in the range of 25–60% of tissues being strongly stained. The majority of 
fallopian tube, ovary-, or colorectal tissues were weak or negative for 
CD10 with merely 10% of fallopian tube and colorectal tissues being 
strongly stained (Fig. 1). Our results show that immunohistochemical 
staining for CD10 and HOXA11 both have high expression in ectopic and 
eutopic endometrium, and a predominant lack of expression in fallopian 
tubes, ovary and colorectal tissue. In cervix and vagina, CD10 and 
HOXA11 expression patterns differed in that HOXA11 was strongly 
expressed in nearly all tissues, whereas CD10 expression levels ranged 

from strong to negative. 

3.3. Combined HOXA11 and CD10 expression enhances sensitivity and 
specificity 

We compared the expression patterns of HOXA11 and CD10 in 
endometriosis and normal tissues using consecutive sections (Fig. 1). 
Together both markers concomitantly stained 90% (38/42) of the 
endometriosis cases. In comparison, 78% (65/83) of eutopic endome
trium was strongly positive in both CD10 and HOXA11 stainings, 
whereas 50% (3/6) of the cervical glands, 27% (4/15) of the cervical 
squamous epithelium tissues, 25% (2/8) of the vaginal-, 4% (1/26) of 
the fallopian tube-, and 0% of ovary- and colorectal tissues (n = 19 and 
27) were strongly stained for both markers. 

Subsequent ROC- analysis (Table 2A) showed that CD10 alone could 
distinguish endometriosis from all normal tissues except eutopic endo
metrium and glands of the cervix. For HOXA11 alone, only fallopian 
tube, ovary and colorectal tissues showed significant differences from 
endometriosis. The combination of both markers to create a HOXA11- 
CD10 combined expression signature only slightly improved the per
formance compared to CD10 as a stand-alone marker within fallopian 
tube and colorectal tissue (Table 2A). 

3.4. Expression of HOXA11 and CD10 in female cancers 

The expression pattern of HOXA11 and CD10 in stroma surrounding 
tumor cells from endometrioid endometrial carcinoma, adenocarci
noma- and squamous cell carcinoma of the cervix, and endometrioid- 
and serous ovarian cancers was analyzed using the same regimens as 
above (Fig. 2A). We also analyzed metastases from endometrial-, cer
vical- and ovarian tumors (Fig. 2B). A number of other histological 
cancer subtypes were also analyzed, but the sample numbers were 
deemed too low to allow for meaningful analyses (data from all analyzed 
samples are presented in Supporting information 1). To analyze the 
marker's specificity and sensitivity, either alone or in combination, in 
endometriosis versus cancers/metastases of different origins ROC- 
analyses were performed (Table 2B). 

3.4.1. Endometrial cancer and metastases 
In endometrioid endometrial carcinoma, CD10 stained 48% (126/ 

262) and HOXA11 stained 78% (205/263) of the cases strongly. Com
bined, 42% of endometrial carcinoma cases concomitantly expressed 
both markers strongly. ROC analysis of the CD10-HOXA11 double pos
itive signature showed that the combined expression signature enhanced 
the sensitivity and specificity for distinguishing endometriosis from 
endometrial cancer, compared to their performance as stand-alone 
markers. Metastases from endometrial tumors were strongly stained 
for CD10 in 5% (1/20) of cases, whereas HOXA11 stained no case 
strongly. In ROC-analysis of endometrial metastases, the “HOXA11 
negative”-profile thus outperformed both “CD10 negative” and the 
combined “double negative” expression profiles in distinguishing 
endometriosis from endometrial cancer metastases. 

3.4.2. Cervical cancer and metastases 
In adenocarcinomas and squamous cell carcinomas of cervical origin 

HOXA11 was strongly stained in 17% (2/12) and 12% (15/128) cases, 
respectively, whereas for CD10 all except one case were negative or 
weakly stained. Thus in ROC-analysis, the “CD10-negative”-signature 
outperformed both “HOXA11 negative” and the combined “double 
negative” expression in distinguishing endometriosis from cervical 
cancer. 

Metastases from cervical tumors were strongly stained for HOXA11 
in 4% (1/24) of cases and for CD10 in no case (n = 23). In ROC-analysis, 
the combination of “CD10 and HOXA11 negativity” slightly out
performed “CD10 negativity” as a stand-alone marker for cervical me
tastases versus endometriosis. 

Table 2 
ROC analysis of CD10 and HOXA11 alone or in combination in normal tissues 
(A) or tumor types (B), compared to endometriosis.  

Endometriosis versus… CD10 alone HOXA11 alone Combined 

AUC p- 
Value 

AUC p- 
Value 

AUC p- 
Value 

A Normal tissues       
Endometrium 0,488 0,822 0,562 0,244 0,558 0,289 
Cervix, overall 0,795 0,000 0,512 0,875 0,780 0,000 
Cervix, glandular 
compartment 

0,673 0,145 0,489 0,932 0,696 0,123 

Cervix, squamous 
compartment 

0,848 0,000 0,520 0,809 0,813 0,000 

Vagina 0,839 0,003 0,489 0,918 0,818 0,005 
Fallopian tube 0,956 0,000 0,981 0,000 0,966 0,000 
Ovary 0,988 0,000 1000 0,000 0,988 0,000 
Colorectal 0,925 0,000 0,997 0,000 0,983 0,000 

B Tumors and 
metastases       
All endometrial 
cancer subtypesa 

0,726 0,000 0,606 0,022 0,751 0,000 

Endometroid 
endometrial 
carcinoma 

0,719 0,000 0,600 0,030 0,743 0,000 

All cervical cancer 
subtypesa 

0,990 0,000 0,936 0,000 0,982 0,000 

Cervical, 
adenocarcinoma 

0,992 0,000 0,909 0,000 0,980 0,000 

Cervical, squamous 0,990 0,000 0,937 0,000 0,982 0,000 
All ovarian cancer 
subtypesa 

0,903 0,000 0,999 0,000 0,981 0,000 

Ovarian, 
endometroid 

0,893 0,000 0,999 0,000 0,980 0,000 

Ovarian, serous 0,862 0,000 1000 0,000 0,978 0,000 
All metastases 0,945 0,000 0,992 0,000 0,984 0,000 
Endometrial 
cancer metastases 

0,963 0,000 0,999 0,000 0,986 0,000 

Cervical cancer 
metastases 

0,983 0,000 0,975 0,000 0,986 0,000 

Ovarian cancer 
metastases 

0,923 0,000 0,997 0,000 0,983 0,000 

Bold indicate significant p-values (<0.05). 
a “All subtypes” also includes those listed as “Others” in Table 1. 
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3.4.3. Ovarian cancer and metastases 
A pattern opposite that of cervical cancers was observed in ovarian 

endometrioid- and serous cancers. CD10 stained strongly in 17% (3/18) 
and 22% (5/23) of cases, respectively, whereas HOXA11 stained none of 
these tumors strongly. Thus in ROC-analysis, the addition of CD10 did 
not enhance the performance of “HOXA11 negativity” as a stand-alone 
marker to distinguishing ovarian cancers from endometriosis. In me
tastases from ovarian tumors, strong staining was observed for CD10 in 
11% (6/55) of cases, whereas HOXA11 stained no case strongly (0/55), 
and consequently the ROC-analysis showed that “HOXA11 negativity” 
outperformed both “CD10 negativity” and the combined “double 
negative” expression profile as a marker for endometriosis versus 
ovarian metastases. 

4. Discussion 

We have evaluated HOXA11 as a marker that could be used to 
distinguish endometriosis from gynecologic cancers and a range of 
normal tissues commonly affected by endometriosis, and compared the 
expression patterns with that of CD10. We show that the double-positive 
signature for HOXA11 and CD10 is highly specific for the stroma sur
rounding both ectopic and eutopic endometrial tissues and that both 
markers, either alone or in combination, are useful tools to distinguish 

ectopic endometrial tissue (endometriosis lesions) from normal tissues 
and from gynecological tumors and metastases. 

Although having excellent sensitivity for endometrial tissues, 
HOXA11 expression in cervix, vagina and endometrial carcinoma im
pedes the usefulness of HOXA11 as a stand-alone marker. Similarly, 
expression of CD10 in e.g. the stroma of endometrial-, and ovarian 
cancers [26-30] impedes the usefulness for CD10 as a stand-alone 
marker. However, the combined expression of HOXA11 and CD10 is 
highly specific for endometrial tissues and the specificity for endome
triosis was statistically significant in all tissues and cancers investigated 
except eutopic endometrium and the glandular compartment of the 
cervix. 

In endometrial carcinoma 42% of cases concomitantly expressed 
both markers compared to 90% in endometriosis and thus, the “double 
positivity” profile outperformed both CD10 and HOXA11 as stand-alone 
markers. In cervical cancer, HOXA11 did not enhance the performance 
of “CD10-negativity” as a stand-alone marker for distinguishing cervical 
cancer or metastases from endometriosis. The opposite was observed in 
ovarian cancer where “HOXA11 negativity” outperformed both CD10 
and the combined expression profile. We could not identify a single case 
of ovarian cancer, cervical cancer or metastasis, which was concomi
tantly strongly stained for both markers (Fig. 2B). This makes “double- 
negativity” a useful signature for differential diagnosis of endometriosis 

Fig. 2. HOXA11 and CD10 expression in gynecological cancers. 
Distribution of expression in different tumor types (A) and in metastases from different tumor types (B). Red colored bars show the distribution of cases scored either 
as strong (dark red), weak (pale red) or negative (white) for the particular antibody and cancer type, as indicated in the figure. Green colored bars indicate the 
combined score of both CD10 and HOXA11 per case and cancer type. Dark green color indicate that both CD10 and HOXA11 were scored as “strong”, pale green color 
indicate that one antibody-staining per case was scored as strong whereas the other was scored as either weak or negative, and light gray color indicate that both 
antibodies were scored as either weak or negative. The length of the bars represents 100%. The raw data, which is underlying the bars, is depicted in the panel (C). 
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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versus these forms of cancer. 
Endometriosis may be misdiagnosed as a variety of clinical condi

tions including carcinomas [41] which underscores the need for histo
pathological markers. Some non-malignant conditions with overlapping 
symptoms include endosalpingioses, mesothelial hyperplasias, abdom
inal splenosis, ovarian follicular cysts and hemorrhagic corpora lutea. 
One study based on a low number of such lesions (n = 3 each) report all 
were negative for CD10 [23], but the HOXA11-expression in these pa
thologies remains to be explored. 

CD10 levels are known to fluctuate with the menstrual cycle [42], 
possibly explaining variable levels of CD10 observed in this study. 
Similarly, HOXA11 levels fluctuate during cycling in endometrial glan
dular cells, but not endometrial stroma cells [43]. Consistent with our 
observed stable HOXA11 expression in endometriosis, HOXA11 tran
script levels are stable in women with endometriosis compared to 
observed fluctuations in normal controls. Thus, HOXA11 emerge as a 
more reliable endometriosis- marker than CD10, whenever menstrual 
phase may be a factor to consider [34]. However, lack of menstrual 
phase data in our study prevented us from investigating possible 
correlations. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.anndiagpath.2021.151870. 
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Loren Méar: Formal analysis; Methodology; Project administration; 
Roles/Writing – original draft; Writing – review & editing. 

Jutta Huvila: Conceptualization; Resources; Writing – review & 
editing. 

Anna Tolf: Conceptualization; Methodology; Resources; Writing – 
review & editing. 

Matts Olovsson: Conceptualization; Methodology; Supervision; 
Writing – review & editing. 

Fredrik Pontén: Conceptualization; Funding acquisition; Methodol
ogy; Resources; Supervision; Writing – review & editing. 

Per-Henrik D. Edqvist: Data curation; Formal analysis; Investigation; 
Methodology; Project administration; Supervision; Roles/Writing – 
original draft; Writing – review & editing. 

Declaration of competing interest 

The authors declare no conflicts of interest. 

Acknowledgements 

The authors thank the Human Protein Atlas team for producing 
HOXA11 antibodies and other technical support. We thank Dan Hellberg 
for providing the cervical cancer TMA. 

Funding 

This work was supported by The Swedish Cancer Society, Knut and 
Alice Wallenberg Foundation and ALF-funding from Uppsala University 
Hospital. 

References 

[1] Evans MB, Decherney AH. Fertility and endometriosis. Clin Obstet Gynecol 2017; 
60(3):497–502. 

[2] Giudice LC. Clinical practice.Endometriosis. N Engl J Med 2010;362(25):2389–98. 
[3] Giudice LC, Kao LC. Endometriosis. Lancet 2004;364(9447):1789–99. 

[4] Mehedintu C, Plotogea MN, Ionescu S, Antonovici M. Endometriosis still a 
challenge. J Med Life 2014;7(3):349–57. 

[5] Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN, Vigano P. 
Endometriosis. Nat Rev Dis Primers 2018;4(1):9. 

[6] Nisolle M, Donnez J. Peritoneal endometriosis, ovarian endometriosis, and 
adenomyotic nodules of the rectovaginal septum are three different entities. Fertil 
Steril 1997;68(4):585–96. 

[7] Raffi F, Amer S. Endometriosis. Obstet Gynaecol Reprod Med 2010;21(4):112–7. 
[8] Chapron C, Chopin N, Borghese B, Foulot H, Dousset B, Vacher-Lavenu MC, 

Vieira M, Hasan W, Bricou A. Deeply infiltrating endometriosis: pathogenetic 
implications of the anatomical distribution. Hum Reprod 2006;21(7):1839–45. 

[9] Ballard K, Lowton K, Wright J. What's the delay? A qualitative study of women's 
experiences of reaching a diagnosis of endometriosis. Fertil Steril 2006;86(5): 
1296–301. 

[10] Hudelist G, Fritzer N, Thomas A, Niehues C, Oppelt P, Haas D, Tammaa A, Salzer H. 
Diagnostic delay for endometriosis in Austria and Germany: causes and possible 
consequences. Hum Reprod 2012;27(12):3412–6. 

[11] Staal AH, van der Zanden M, Nap AW. Diagnostic delay of endometriosis in the 
Netherlands. Gynecol Obstet Invest 2016;81(4):321–4. 

[12] Nisenblat V, Bossuyt PM, Shaikh R, Farquhar C, Jordan V, Scheffers CS, Mol BW, 
Johnson N, Hull ML. Blood biomarkers for the non-invasive diagnosis of 
endometriosis. Cochrane Database Syst Rev 2016;5:CD012179. 

[13] Nisenblat V, Prentice L, Bossuyt PM, Farquhar C, Hull ML, Johnson N. Combination 
of the non-invasive tests for the diagnosis of endometriosis. Cochrane Database 
Syst Rev 2016;7(CD012281). 

[14] Florio P, Reis FM, Torres PB, Calonaci F, Abrao MS, Nascimento LL, Franchini M, 
Cianferoni L, Petraglia F. High serum follistatin levels in women with ovarian 
endometriosis. Hum Reprod 2009;24(10):2600–6. 

[15] Seeber B, Sammel MD, Fan X, Gerton GL, Shaunik A, Chittams J, Barnhart KT. 
Panel of markers can accurately predict endometriosis in a subset of patients. Fertil 
Steril 2008;89(5):1073–81. 

[16] Signorile PG, Baldi A. Serum biomarker for diagnosis of endometriosis. J Cell 
Physiol 2014;229(11):1731–5. 

[17] Gupta D, Hull ML, Fraser I, Miller L, Bossuyt PM, Johnson N, Nisenblat V. 
Endometrial biomarkers for the non-invasive diagnosis of endometriosis. Cochrane 
Database Syst Rev 2016;4(CD012165). 

[18] Liu E, Nisenblat V, Farquhar C, Fraser I, Bossuyt PM, Johnson N, Hull ML. Urinary 
biomarkers for the non-invasive diagnosis of endometriosis. Cochrane Database 
Syst Rev 2015;(12):CD012019. 

[19] Rizner TL. Diagnostic potential of peritoneal fluid biomarkers of endometriosis. 
Expert Rev Mol Diagn 2015;15(4):557–80. 

[20] Hirsch M, Begum MR, Paniz E, Barker C, Davis CJ, Duffy J. Diagnosis and 
management of endometriosis: a systematic review of international and national 
guidelines. BJOG 2018;125(5):556–64. 

[21] Kennedy S, Bergqvist A, Chapron C, D'Hooghe T, Dunselman G, Greb R, 
Hummelshoj L, Prentice A, Saridogan E. Endometriosis ESIGf et al.: ESHRE 
guideline for the diagnosis and treatment of endometriosis. Hum Reprod 2005;20 
(10):2698–704. 

[22] Capobianco G, Wenger JM, Marras V, Cosmi E, Ambrosini G, Dessole M, 
Cherchi PL. Immunohistochemical evaluation of epithelial antigen ber-Ep4 and 
CD10: new markers for endometriosis? Eur J Gynaecol Oncol 2013;34(3):254–6. 

[23] Groisman GM, Meir A. CD10 is helpful in detecting occult or inconspicuous 
endometrial stromal cells in cases of presumptive endometriosis. Arch Pathol Lab 
Med 2003;127(8):1003–6. 

[24] Potlog-Nahari C, Feldman AL, Stratton P, Koziol DE, Segars J, Merino MJ, 
Nieman LK. CD10 immunohistochemical staining enhances the histological 
detection of endometriosis. Fertil Steril 2004;82(1):86–92. 

[25] Sumathi VP, McCluggage WG. CD10 is useful in demonstrating endometrial stroma 
at ectopic sites and in confirming a diagnosis of endometriosis. J Clin Pathol 2002; 
55(5):391–2. 

[26] Chu P, Arber DA. Paraffin-section detection of CD10 in 505 nonhematopoietic 
neoplasms. Frequent expression in renal cell carcinoma and endometrial stromal 
sarcoma. Am J Clin Pathol 2000;113(3):374–82. 

[27] Chu PG, Arber DA, Weiss LM, Chang KL. Utility of CD10 in distinguishing between 
endometrial stromal sarcoma and uterine smooth muscle tumors: an 
immunohistochemical comparison of 34 cases. Mod Pathol 2001;14(5):465–71. 

[28] Khin EE, Kikkawa F, Ino K, Suzuki T, Shibata K, Kajiyama H, Tamakoshi K, 
Mizutani S. Neutral endopeptidase/CD10 expression in the stroma of epithelial 
ovarian carcinoma. Int J Gynecol Pathol 2003;22(2):175–80. 

[29] McCluggage WG, Sumathi VP, Maxwell P. CD10 is a sensitive and diagnostically 
useful immunohistochemical marker of normal endometrial stroma and of 
endometrial stromal neoplasms. Histopathology 2001;39(3):273–8. 

[30] Oliva E. CD10 expression in the female genital tract: does it have useful diagnostic 
applications? Adv Anat Pathol 2004;11(6):310–5. 

[31] Ponten F, Schwenk JM, Asplund A, Edqvist PH. The human protein atlas as a 
proteomic resource for biomarker discovery. J Intern Med 2011;270(5):428–46. 

[32] Uhlen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A, 
Sivertsson A, Kampf C, Sjostedt E, Asplund A, et al. Proteomics. Tissue-based map 
of the human proteome. Science 2015;347(6220):1260419. 

[33] Zieba A, Sjostedt E, Olovsson M, Fagerberg L, Hallstrom BM, Oskarsson L, 
Edlund K, Tolf A, Uhlen M, Ponten F. The human endometrium-specific proteome 
defined by transcriptomics and antibody-based profiling. OMICS 2015;19(11): 
659–68. 

[34] Taylor HS, Bagot C, Kardana A, Olive D, Arici A. HOX gene expression is altered in 
the endometrium of women with endometriosis. Hum Reprod 1999;14(5): 
1328–31. 

J. Bergman-Larsson et al.                                                                                                                                                                                                                     

https://doi.org/10.1016/j.anndiagpath.2021.151870
https://doi.org/10.1016/j.anndiagpath.2021.151870
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430041031
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430041031
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428093914
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430056884
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430073047
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430073047
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428135769
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428135769
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430157917
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430157917
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430157917
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428154370
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430195349
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430195349
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430195349
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430214289
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430214289
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430214289
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430244211
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430244211
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430244211
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428172673
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428172673
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429526102
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429526102
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429526102
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428190880
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428190880
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428190880
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430287527
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430287527
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430287527
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430323081
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430323081
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430323081
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430406353
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430406353
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428233337
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428233337
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220428233337
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429017413
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429017413
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429017413
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430444893
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430444893
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430491889
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430491889
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430491889
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430005987
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430005987
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430005987
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430005987
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430516591
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430516591
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220430516591
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431179317
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431179317
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431179317
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431219861
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431219861
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431219861
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431293260
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431293260
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431293260
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431335767
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431335767
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431335767
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431393513
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431393513
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431393513
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431441934
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431441934
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431441934
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431469039
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431469039
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431469039
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431508643
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220431508643
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429035273
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429035273
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429054017
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429054017
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429054017
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432080689
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432080689
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432080689
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432080689
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432230610
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432230610
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432230610


Annals of Diagnostic Pathology 56 (2022) 151870

7

[35] Zanatta A, Rocha AM, Carvalho FM, Pereira RM, Taylor HS, Motta EL, Baracat EC, 
Serafini PC. The role of the Hoxa10/HOXA10 gene in the etiology of endometriosis 
and its related infertility: a review. J Assist Reprod Genet 2010;27(12):701–10. 

[36] Wang M, Hao C, Huang X, Bao H, Qu Q, Liu Z, Dai H, He S, Yan W. Aberrant 
expression of lncRNA (HOXA11-AS1) and homeobox a (HOXA9, HOXA10, 
HOXA11, and HOXA13) genes in infertile women with endometriosis. Reprod Sci 
2018;25(5):654–61. 

[37] Gremel G, Bergman J, Djureinovic D, Edqvist PH, Maindad V, Bharambe BM, 
Khan WA, Navani S, Elebro J, Jirstrom K, et al. A systematic analysis of commonly 
used antibodies in cancer diagnostics. Histopathology 2014;64(2):293–305. 

[38] Huvila J, Talve L, Carpen O, Edqvist PH, Ponten F, Grenman S, Auranen A. 
Progesterone receptor negativity is an independent risk factor for relapse in 
patients with early stage endometrioid endometrial adenocarcinoma. Gynecol 
Oncol 2013;130(3):463–9. 

[39] Lindstrom AK, Ekman K, Stendahl U, Tot T, Henriksson R, Hedman H, Hellberg D. 
LRIG1 and squamous epithelial uterine cervical cancer: correlation to prognosis, 

other tumor markers, sex steroid hormones, and smoking. Int J Gynecol Cancer 
2008;18(2):312–7. 

[40] Kampf C, Olsson I, Ryberg U, Sjostedt E, Ponten F. Production of tissue 
microarrays, immunohistochemistry staining and digitalization within the human 
protein atlas. J Vis Exp 2012;63. 

[41] Chen H, Luo Q, Liu S, Xiong H, Jiang Q. Rectal mucosal endometriosis primarily 
misinterpreted as adenocarcinoma: a case report and review of literature. Int J Clin 
Exp Pathol 2015;8(5):5902–7. 

[42] Hood BL, Liu B, Alkhas A, Shoji Y, Challa R, Wang G, Ferguson S, Oliver J, 
Mitchell D, Bateman NW, et al. Proteomics of the human endometrial glandular 
epithelium and stroma from the proliferative and secretory phases of the menstrual 
cycle. Biol Reprod 2015;92(4):106. 

[43] Wang LF, Luo HZ, Zhu ZM, Wang JD. Expression of HOXA11 gene in human 
endometrium. Am J Obstet Gynecol 2004;191(3):767–72. 

J. Bergman-Larsson et al.                                                                                                                                                                                                                     

http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429066585
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429066585
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429066585
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432392302
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432392302
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432392302
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220432392302
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429226898
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429226898
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429226898
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433146371
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433146371
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433146371
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433146371
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433246113
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433246113
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433246113
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433246113
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429277581
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429277581
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220429277581
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433584715
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433584715
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220433584715
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434001515
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434001515
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434001515
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434001515
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434120620
http://refhub.elsevier.com/S1092-9134(21)00170-2/rf202111220434120620

	Combined expression of HOXA11 and CD10 identifies endometriosis versus normal tissue and tumors
	1 Introduction
	2 Materials and methods
	2.1 Identification of potential endometriosis biomarkers
	2.2 Patient cohorts
	2.3 Immunohistochemistry and slide scanning
	2.4 Annotation, cut-offs and statistical evaluation

	3 Results
	3.1 HOXA11 expression in endometriosis and normal tissues
	3.2 Comparison of HOXA11 and CD10 expression
	3.3 Combined HOXA11 and CD10 expression enhances sensitivity and specificity
	3.4 Expression of HOXA11 and CD10 in female cancers
	3.4.1 Endometrial cancer and metastases
	3.4.2 Cervical cancer and metastases
	3.4.3 Ovarian cancer and metastases


	4 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Funding
	References


