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Abstract
Endometriosis is a common disease characterized by the presence of ectopic endometrial tissue. Although the pathogenesis of
endometriosis remains unclear, several factors have been implicated, including the dysregulation of homeobox (HOX) genes.
Our objective was to investigate the localization and immunoreactivity of HOXB4 in endometrial tissues from women with or
without endometriosis. We studied samples of eutopic endometrium (EE), endometriomas (Eoma), superficial endometriosis
(SE), and deep infiltrating endometriosis (DIE) from 34 women with endometriosis, as well as eutopic endometrium from 38
women without endometriosis (EC). HOXB4 localization and immunoreactivity was assessed using immunohistochemistry and
histoscore analysis. Data were analyzed with and without stratification by menstrual cycle phase. HOXB4 protein was present
in the nuclei of endometrial glandular epithelial cells but not in stromal cells. HOXB4 immunoreactivity was reduced in DIE
samples compared to all other groups. A smaller reduction in HOXB4 immunoreactivity was observed in SE samples compared
to EC samples. HOXB4 immunoreactivity was significantly greater in proliferative compared to secretory phase samples in the
EC group but not in EE, Eoma, or DIE groups. Among only proliferative phase samples, HOXB4 immunoreactivity was reduced
in EE, Eoma, and DIE groups compared to EC. Based on these data, we suggest that an impaired capacity of eutopic and ectopic
endometrial tissue to upregulate levels of HOXB4 during the proliferative phase may play a role in the pathogenesis of
endometriosis and that further downregulation of HOXB4 may enhance ectopic implant invasiveness.
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Introduction

Endometriosis affects 5% to 10% of reproductive-aged

women.1,2 Among those affected, *80% experience dysme-

norrhea, *70% complain of pelvic pain, and *40% have

infertility.3 Endometriosis is characterized by the presence of

endometrial glands and stroma at extrauterine (ectopic) sites,

most commonly in the pelvic peritoneum and ovaries.2 A com-

monly accepted theory is that the ectopic implants arise from

endometrial tissue that enters the peritoneal cavity through

retrograde menstruation.4 As retrograde menstruation occurs

in most women but only a subset of women develop endome-

triosis, the establishment of ectopic implants may depend on a

combination of reduced clearance by the immune system and

distinct properties of certain eutopic endometrial cells that pre-

dispose them to ectopic implantation.2,5 Eutopic endometrial

cells in women with endometriosis compared to those in

women without endometriosis have shown differences in the

production of cytokines and metalloproteinases6-8 as well as

aberrant activation of oncogenic signaling pathways.9,10 Alter-

native hypotheses propose that (1) cells are carried to ectopic

sites through the blood and lymphatic systems,11,12 (2) the
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ectopic implants arise from stem cells carried from the basalis

layer of the endometrium during menstruation,13 or (3)

mesothelial cells preexisting in the peritoneum differentiate

into endometrium-like tissue.2,14

Recent studies of the pathogenesis of endometriosis have

distinguished 3 categories of implants based on anatomical loca-

tions: superficial endometriosis (SE), deep infiltrating endome-

triosis (DIE; defined as >5 mm beneath the peritoneum), and

ovarian endometriomas (Eoma), which are cystic ovarian masses

containing endometrial tissue.15,16 Molecular differences have

been identified between these categories,17-19 prompting discus-

sion of how the pathogenesis of these lesions may differ.15,20

Among the genes implicated in the pathogenesis of endo-

metriosis are homeobox (HOX) genes. The HOX genes encode

a family of transcription factors with roles in both embryonic

and adult tissues.21,22 In eutopic endometrium, HOXC10,

HOXC11, HOXD10, and HOXD11 are expressed most

strongly in the proliferative phase and likely mediate endo-

metrial proliferation,23 whereas an increase in HOXA10 and

HOXA11 expression in the mid-secretory phase is required for

receptivity to implantation.22,24,25 In ovarian endometriomas

compared to eutopic endometrium from women without endo-

metriosis, HOXC genes had increased messenger RNA

(mRNA) expression.26 In this study, differential methylation

was identified in the regulatory regions of HOXA, HOXC, and

HOXD genes. A separate study found reduced HOXA11

expression in eutopic endometrium of women with endome-

triosis compared to women without endometriosis.27 Consis-

tent with these reports, a study of ectopic versus eutopic

endometrial tissue from patients with stage IV endometriosis

found a tendency for downregulation of HOXA and HOXB

genes and upregulation of HOXC and HOXD genes.28

Our study focuses on HOXB4, a HOX gene whose expres-

sion in primary human endometrial glandular epithelial cells is

estradiol and progestin-dependent.29 The HOXB4 may thus be

a downstream effector of dysregulated estrogen and progester-

one signaling in endometriotic tissue.2 The HOXB4 mRNA

levels were reduced in a gene expression profiling study com-

paring 10 ovarian endometriomas with matched eutopic endo-

metrium (Gene Expression Omnibus Dataset ID 2835),30,31

suggesting that decreased HOXB4 expression may play a role

in the pathogenesis of endometriosis.

The immunohistochemical localization and immunoreactivity

of HOXB4 has not previously been studied in endometrial tissue

from women with or without endometriosis. In the present study,

we used immunohistochemistry to assess the levels of HOXB4 in

eutopic endometrium (EE) and ectopic implants (Eoma, SE, and

DIE) from women with endometriosis, compared to endometrial

tissues from women without endometriosis (EC).

Materials and Methods

Tissue Procurement

Samples of endometrium from 44 reproductive-aged women

without endometriosis were obtained from Case Western

Reserve, Cleveland, Ohio (approved by the institutional review

board; IRB# 12-10-28) and Sohag University, Sohag, Egypt

(transferred according to Material Transfer Agreement #

M15-00189). These control women underwent laparoscopy for

benign gynecological conditions other than endometriosis (eg,

tubal ligation and reanastomosis). Chart review revealed no

history of endometriosis in control women, and there was no

evidence of endometriosis during laparoscopy. Samples from

women with endometriosis were obtained from 51 women who

underwent laparoscopy to diagnose or manage endometriosis at

the BC Women’s Centre for Pelvic Pain and Endometriosis

(Vancouver, Canada). Endometriosis was diagnosed by tissue

sample pathology, the gold standard for diagnosis. Surgical

samples from these women with endometriosis were obtained

either through the UBC Gynaecological Cancer Tissue Bank

(approved by the University of British Columbia Clinical

Research Ethics Board; REB numbers H05-60119 and H11-

00536) or from our center’s pathology archives (approved

under REB numbers H14-03040 and H13-02563). Some

patients provided tissue from more than 1 ectopic lesion

(Table 1). Ectopic lesions from only 1 category (ie, DIE, SPE,

or Eoma) were obtained from each patient, with the exception

of 3 patients who provided both Eoma and DIE lesions. When-

ever possible, eutopic endometrial tissue was obtained from the

women who provided ectopic endometrial tissue. Eutopic

endometrial tissue was obtained from all women who provided

Table 1. Sample Sizes for H-Score Analysis.a

Endometriosis
Sample
Group

Menstrual
Cycle Phase

# of
Patients

# of
Tissue

Samples
Age,
years

No EC Proliferative 20 20
No EC Secretory 18 18

Total EC 38 38 39.6, SD 8.9
Yes EE Proliferative 18 18
Yes EE Secretory 11 11

Total EE 29 29 39.5, SD 6.4
Yes Eoma Proliferative 8 10
Yes Eoma Secretory 4 5

Total Eoma 12 15 40, SD 4.9
Yes SE Unable to

determine as no
matched EE was
available

5 10

Total SE 5 10 40.1, SD 2.8
Yes DIE Proliferative 6 10
Yes DIE Secretory 7 12

Total DIE 13 22 38.4, SD 7.6
Total with

endometriosis
34 76

Abbreviations: DIE, deep infiltrating endometriosis; EC, eutopic endometrium
from women without endometriosis; EE, eutopic endometrium from women
with endometriosis; Eoma, ovarian endometriomas; SD, standard deviation; SE,
superficial endometriosis.
aSome patients provided ectopic tissue from more than 1 lesion. Each Eoma or
DIE sample represents a distinct lesion. Eoma and DIE samples were obtained
from a subset of the women who provided EE samples. No EE was obtained
from patients providing SE samples.
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Eoma or DIE samples. No eutopic endometrial tissue could be

obtained from the women who provided SE samples. No hor-

monal therapy was received for at least 3 months before the

laparoscopy. Patients with known adenomyosis were excluded.

The deep infiltrating lesions were located in zone 2 (rectova-

ginal and vaginal area, cul-de-sac, uterosacral ligament, para-

sacral ligament, bladder, appendix, and bowel serosa) or zone 3

(side walls, fallopian tubes, and peri-ureteric area).32

Immunohistochemistry

Only formalin-fixed and paraffin-embedded tissues were used

for immunohistochemistry. Sections (4 mm) were de-

paraffinized and rehydrated before wet heat–induced antigen

retrieval in a steamer with preheated antigen retrieval solution

(#S2367; Dako, Santa Clara, CA). Endogenous peroxidase

activity was quenched using Dual Endogenous Enzyme Block

(#S2003; Dako) prior to incubation of the sections overnight at

4�C with a previously validated HOXB4 antibody (1:800 dilu-

tion; #2096-1; Epitomics, Burlingame, CA)33 or non-immune

rabbit immunoglobulin (1:800 dilution; sc-2027; Santa Cruz

Biotechnology, Dallas, Texas). The HOXB4 immunoreactivity

was detected with EnVisionþ Dual Link System-HRP

(#K4061; Dako) and Liquid DAB Chromogen System

(#K3468; Dako) for 10 minutes. Slides were counterstained

with Harris hematoxylin (Sigma, St Louis, MO), mounted, and

analyzed using either an Olympus BX 41 microscope (Olym-

pus Corporation, Shinjulu, Japan) or a Leica DM4000 B micro-

scope (Leica Microsystems, Wetzlar, Germany).

Histoscore (H-score) Analysis

Samples were excluded from analysis for the following rea-

sons: poor preservation of tissue, cauterized glands, absence

of endometrial glands, presence of histopathological changes

suggestive of exogenous progesterone treatment, or the sample

was representative of another abnormality (eg, adenomyosis,

endocervix, or mature cystic teratoma). We also excluded all

samples from patients who had inactive eutopic endometrium.

The number of included samples in each group is listed in

Table 1.

Menstrual cycle phase was determined from matched eutopic

endometrium according to the Noyes criteria,34 since clinical

data regarding menstrual cycle phase was not available for all

patients. To assess HOXB4 immunoreactivity, 3 different

reviewers who were blinded to the menstrual cycle phase of

ectopic lesions and to the diagnosis associated with eutopic

samples independently scored the intensity (I) of nuclear

HOXB4 staining in glandular epithelial cells on a scale of 0 to

3 (0 ¼ none; 1 ¼ weak; 2 ¼ moderate; 3 ¼ strong). Reviewers

estimated the proportion (P) of glandular cells with each level of

intensity of HOXB4 staining. An H-score was calculated for

each slide using the following formula: H-score ¼ SP(I

þ1)35,36 and the mean of the 3 reviewers’ H-scores was used

in statistical analyses.

Statistical Analysis

The Mann-Whitney rank sum test was used for unpaired

2-sample comparisons. The Wilcoxon test was used for paired

statistical analyses. The Kruskal-Wallis nonparametric test was

used for comparisons of more than 2 groups. Statistical tests

were performed using GraphPad Prism 6 (GraphPad Software)

and P values of <.05 were considered statistically significant.

Results

Patient Characteristics

There was no significant difference (P ¼ .91) in the mean age

of patients with analyzed lesions in the endometriosis group

(39.4 [5.4] years) compared to those without endometriosis

(39.6 [8.9] years). Mean age for patients providing each type

of ectopic lesion is shown in Table 1. Superficial endometriotic

lesions were all located in the cul-de-sac or uterosacral areas.

Among the deep infiltrating lesions, 6 were uterosacral, 5 were

paratubal, 3 were on unspecified peritoneum, and 2 were in the

cul-de-sac. The remaining 6 deep infiltrating lesions were each

from a different location (ie, pelvic side wall, parasacral region,

rectovaginal region, vagina, bladder, or bowel serosa).

Localization of HOXB4 in Endometrial Tissue

We first assessed the immunohistochemical localization of

HOXB4 in the endometrium of women without endometrio-

sis. HOXB4 was detectable in the nuclei of glandular but

not stromal cells (Figure 1A-D), consistent with a prior

report that HOXB4 mRNA was predominantly expressed

in glandular cells.29 Positive and negative controls for

HOXB4 staining (fallopian tube epithelium and ovarian

epithelium, respectively) stained as expected (Figure 1E-

H).33 The localization of HOXB4 in samples from women

with endometriosis was the same as that in samples from

women without endometriosis (Figures 1I, 1J and 2).

Immunoreactivity of HOXB4 in Ectopic Versus Eutopic
Endometrial Tissue

We next assessed HOXB4 immunoreactivity using an H-score

system published previously.35,36 Scoring of our samples had

high interobserver reliability (intraclass correlation between

different observers ¼ .953). We then proceeded to compare

HOXB4 immunoreactivity between groups. There was no sig-

nificant difference in HOXB4 immunoreactivity between EC,

EE, and Eoma groups (P ¼ .094; Figure 3A). SE lesions had

significantly decreased HOXB4 immunoreactivity when com-

pared to EC samples (P ¼ .008), but not when compared to EE

or Eoma samples (P ¼ .051 and .060, respectively; Figure 3A).

DIE lesions had the lowest HOXB4 immunoreactivity, a dif-

ference that was statistically significant compared to all other

groups (EC P < .0001, EE P < .0001, Eoma P ¼ .0002, and SE

P ¼ .027; Figure 3A). HOXB4 immunoreactivity remained

significantly reduced in DIE compared to EE samples in a

AlKusayer et al 3



paired statistical analysis comparing DIE lesions to EE samples

from the same patient (P ¼ .040). Indeed, when the difference

in H-score was calculated for each patient, 9 of 13 patients had

lower HOXB4 immunoreactivity in their DIE lesion(s) than in

their EE sample (Figure 3B). Similar paired analyses compar-

ing Eoma to EE samples from the same patient showed no

significant change in HOXB4 immunoreactivity (P ¼ .557;

Figure 3B), consistent with the unpaired analysis.

Immunoreactivity of HOXB4 in Proliferative Versus
Secretory Endometrium

As the different hormonal environments at different stages of

the menstrual cycle may alter HOXB4 expression, we com-

pared HOXB4 immunoreactivity between proliferative and

secretory phase endometrium. Starting with endometrial sam-

ples from women without endometriosis, we found that

HOXB4 immunoreactivity was significantly greater in the pro-

liferative than in the secretory phase (P ¼ .0019; Figures 2A-D

and 3C). The statistical significance of this difference between

phases was lost among samples from women with endometrio-

sis (EE P ¼ .050, Eoma P ¼ .971, and DIE P ¼ .116; Figures

2E-P and 3C). SE samples could not be included in this analysis

as these samples had no matched EE tissue and thus menstrual

cycle phase could not be determined.

Immunoreactivity of HOXB4 in Ectopic Versus Eutopic
Endometrial Tissue Stratified by Menstrual Cycle Phase

Because HOXB4 immunoreactivity varied with menstrual cycle

phase, we suspected that there may be disease-specific differ-

ences in HOXB4 immunoreactivity detectable only in certain

phases of the menstrual cycle. In search of such differences,

we repeated our comparison between EC, EE, Eoma, and DIE

groups using samples from matched menstrual cycle phases.

Comparison of samples in the secretory phase yielded the same

results as when phases were undistinguished: the only group

with significantly reduced HOXB4 immunoreactivity compared

to the EC group was the DIE group (P¼ .033; Figures 2 and 3C).

In contrast, analysis of samples in the proliferative phase found

that EE, Eoma, and DIE samples all had significantly decreased

HOXB4 immunoreactivity compared to EC samples (EE P ¼
.004, Eoma P ¼ .0009, and DIE P <.0001; Figures 2 and 3C).

Discussion

To our knowledge, this is the first study to examine the immu-

nohistochemical localization and immunoreactivity of HOXB4

in endometrial tissues. We demonstrated that HOXB4 localizes

to the nuclei of glandular epithelial cells in eutopic and ectopic

endometrial tissue. The HOXB4 immunoreactivity was signif-

icantly reduced in DIE when compared to other types of ectopic

implant or eutopic endometrium from women with or without

endometriosis. A smaller reduction in HOXB4 immunoreactiv-

ity was observed in SE samples compared to endometrium

from women without endometriosis. When only proliferative

phase tissues were studied, a decrease in HOXB4 immunoreac-

tivity was found in both eutopic and ectopic endometrial tissues

of women with endometriosis, compared to endometrium from

women without endometriosis.

Strengths of this study include the use of multiple blinded

observers to score immunoreactivity and the high interobserver

reliability of the resulting scores. Including eutopic endometrium

from women with endometriosis allowed us to assess for changes

in eutopic endometrium that may predispose to endometriosis.

Figure 1. Immunolocalization of homeobox B4 (HOXB4) in eutopic
endometrium and control tissues. A and B, Representative images of
HOXB4 localizing to the nuclei of glandular epithelial cells in eutopic
endometrial tissue from women without endometriosis (EC, n ¼ 38).
C and D, No staining was observed in EC tissue incubated with normal
rabbit control IgG. HOXB4 immunoreactivity was detectable in (E and
F) positive control fallopian tube epithelium but not in (G and H)
negative control ovarian epithelium. I and J, Representative immuno-
localization of HOXB4 to the nuclei of glandular epithelial cells in
superficial endometriosis (SE, n ¼ 10). Black arrows indicate endome-
trial glandular epithelium. Blue arrows indicate fallopian or ovarian
epithelium.
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Our ability to compare eutopic and ectopic lesions from the same

patient helped control for interpatient variability. Stratification of

samples according to type of lesion and cycle phase allowed us to

identify differences that would otherwise not have appeared sig-

nificant. Although stratification reduced sample size per group,

this study would have an 80% power to detect a 50% reduction in

HOXB4 levels compared to control samples as long as 10 or more

samples were present per group (assuming H-score standard

deviation of 1.5 in each group). As all groups except for secretory

phase Eoma (n ¼ 5) had 10 or more samples, we consider our

study sufficiently powered.

Limitations of this study include the lack of EE samples from the

patients who provided SE samples, resulting in the menstrual cycle

phase of SE samples being unknown. Our conclusions regarding

menstrual cycle phase-specific patterns of HOXB4 immunoreactiv-

ity are thus limited to the other sample groups. All deep infiltrating

lesions available for study were from zones 2 and 3 (defined previ-

ously).32 Other zones of the pelvis, which include the bladder dome

and regions lateral to the fallopian tube, were not represented. Ado-

lescent patients, in whom aspects of endometriosis pathophysiology

may differ,37 were also not represented in our study. We excluded

the presence of adenomyosis (characterized by ectopic endometrial

tissue in the uterine myometrium rather than at extrauterine sites) in

study patients using high-resolution ultrasonography and magnetic

resonance imaging where appropriate according to the standards.38

However, adenomyosis can only be excluded with certainty by

histopathological examination of a hysterectomy specimen. As ele-

ments of adenomyosis pathophysiology are similar to that of endo-

metriosis,39 investigation of HOXB4 levels in adenomyosis may be

of interest for future studies. Localization of HOXB4 to glandular

but not stromal cells is in contrast to the predominantly stromal

expression of HOXC10, HOXC11, HOXD10, and HOXD11,23 and

is in contrast to the expression of HOXA1025 and HOXA1124 in both

glands and stroma. The difference in HOXB4 immunoreactivity

between menstrual cycle phases is not surprising, given the estradiol

and progestin responsiveness of HOXB4 expression29, and the men-

strual cycle phase-dependent expression of other HOX genes.

HOXB4 immunoreactivity was greater in proliferative than secre-

tory phase, similar to the increased expression of HOXC10,

HOXC11, HOXD10, and HOXD11 in proliferative versus secretory

endometrium.23 In contrast, HOXA10 and HOXA11 have peak

expression in the mid-secretory phase.22,24,25

Figure 2. Immunoreactivity of homeobox B4 (HOXB4) in proliferative and secretory phase endometrial tissues from women with and without
endometriosis. Shown are representative images of (A-D) eutopic endometrium from women without endometriosis (EC; proliferative phase
n ¼ 20; secretory phase n ¼ 18), (E-H) eutopic endometrium from women with endometriosis (EE, proliferative phase n ¼ 18; secretory phase
n ¼ 11), (I-L) ovarian endometrioma tissue (Eoma, proliferative phase n¼ 10; secretory phase n ¼ 5), and (M-P) deep infiltrating endometriosis
(DIE, proliferative phase n ¼ 10; secretory phase n ¼ 12). Arrows indicate endometrial glandular epithelium. Menstrual cycle phases of ectopic
lesions were determined from matched eutopic endometrium.
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Endometrial tissue from women with endometriosis showed

less of an increase in HOXB4 immunoreactivity in proliferative

versus secretory phase than endometrial tissue from women

without endometriosis. It’s possible that the endometrial tissue

of patients with endometriosis might have an impaired capacity

to upregulate HOXB4 during the proliferative phase. This dys-

regulation might be a factor predisposing eutopic endometrial

tissue to give rise to endometriosis. The altered estrogen and

progesterone responsiveness characteristic of endometriotic

tissue2 may contribute to HOXB4 dysregulation, as HOXB4

expression is estradiol and progestin-dependent.29

Deep infiltrating lesions had the lowest levels of HOXB4

immunoreactivity. This decrease in HOXB4 levels is consistent

with the data that HOXB cluster genes tended to have decreased

expression in ectopic versus eutopic endometrium from

patients with stage IV (severe) endometriosis.28 Our finding

that deep infiltrating lesions have reduced HOXB4 immunor-

eactivity compared to Eoma and superficial lesions is also

consistent with reports that the pathogenesis of DIE involves

aspects unique from that of other endometriotic lesions.15,17

Deep infiltrating lesions are considered more invasive than

Eoma as Eoma are typically formed by invagination of the ovar-

ian cortex around ectopic implants rather than by direct invasion

of ectopic implants.40,41 Given our finding that HOXB4 immu-

noreactivity was lowest in deep infiltrating lesions, it’s possible

that reduced levels of HOXB4 might promote invasiveness of

Figure 3. Quantification of homeobox B4 (HOXB4) immunoreactivity in endometrial tissues. (A) Mean HOXB4 immunoreactivity was
significantly reduced in SE compared to EC samples, and in DIE samples compared to all other groups. (B) The difference in H-score between
each DIE (top) or Eoma (bottom) lesion and the EE sample from the same patient. The resulting values tend to be negative for the DIE analysis
but not the Eoma analysis, indicating a reduction in HOXB4 immunoreactivity in DIE but not Eoma samples compared to EE samples. Mean
within each patient is indicated by a horizontal line. (C) Mean HOXB4 immunoreactivity was increased in proliferative compared to secretory
phase EC samples. Among proliferative phase samples, HOXB4 immunoreactivity was reduced in EE, Eoma, and DIE samples compared to EC
samples. Among secretory phase samples, HOXB4 immunoreactivity was reduced in DIE samples compared to EC samples. Menstrual cycle
phases of ectopic lesions were determined from matched eutopic endometrium. For all panels error bars represent SEM. Sample size is indicated
on each bar. EC indicates eutopic endometrium from women without endometriosis; EE indicates eutopic endometrium from women with
endometriosis; Eoma indicates ovarian endometriomas; SE indicates superficial endometriosis; DIE indicates deep infiltrating endometriosis.
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endometriotic lesions. This possibility is consistent with the evi-

dence that reduced HOXB4 enhanced the invasiveness of epithe-

lial ovarian carcinoma cells.33 Similarly, decreased HOXA10 is

thought to increase the invasiveness of endometrial cancer cells

through promotion of epithelial-to-mesenchymal transition

(EMT).42 We speculate that reduced HOXB4 might also

increase invasiveness of endometriotic tissue by allowing EMT.

Consistent with this notion, EMT has been implicated in the

pathogenesis of endometriosis.43-46

An alternative interpretation of HOX gene expression in ectopic

endometrial implants is that HOX gene expression drives differen-

tiation of tissues into an endometrial-like phenotype.47 This is based

in part on the evidence that HOXA genes play a role in specifying

uterine tissue identity during development.47,48 Although a role for

HOXB4 in uterine tissue specification has not been reported, the

lower levels of HOXB4 in deep infiltrating lesions compared to

Eoma and superficial lesions might be indicative of reduced endo-

metrial differentiation in deep infiltrating lesions.

In conclusion, we report decreased levels of HOXB4 as a fea-

ture of proliferative phase eutopic and ectopic endometrial tissues

of patients with endometriosis. Among these tissues, deep infil-

trating lesions had the lowest HOXB4 levels. Our findings impli-

cate HOXB4 in the pathogenesis of endometriosis and contribute

to our understanding of the heterogeneity of endometriotic lesions.
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