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Abstract
Uterine leiomyomas (also known as fibroids) are associated with several symptoms, including abnormal uterine bleeding,
pressure-related symptoms, and recurrent pregnancy loss. These tumors affect up to 80% of fertile women between the ages of 30
and 50 years. However, there are currently no proven medical therapies for the long-term treatment of leiomyomas, and surgical
treatment comes at a significant physical, psychological, and health care costs. It is estimated that this disease results in annual
costs of 22 billion dollars. CXCL12 (formerly known as stromal derived factor (SDF-1)) acts via its receptors CXCR4 and CXCR7 and
is a potent chemokine found to be excessively expressed in inflammatory diseases. Leiomyomas represent an inflammatory milieu;
thus, we posit that the CXCL12/CXCR4/CXCR7 axis is involved in the progression of leiomyomas. This study is a prerequisite for
non-hormonal and non-surgical treatment of leiomyomas. When comparing the expression of these molecules in leiomyomas vs.
normal myometrium we noted the expression of this axis is elevated in humans and nonhuman primates. Human and nonhuman
primates displayed extensive similarities. While CXCR4 stained both nuclei and cytoplasm in leiomyomas, CXCL12 and CXCR7 were
confined to the cell membrane and cytoplasm.
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Introduction
Leiomyomas are a common benign tumor affecting up to 80%
of women between 30 and 50 years of age [1,2]. These tumors can
cause a variety of symptoms, including abnormal uterine bleeding,
pelvic pain, bladder or bowel dysfunction, infertility, and recurrent
pregnancy loss, and are responsible for more than 200,000
hysterectomies in the United States [1,3-7]. The estimated costs for
treatment in the US population exceed $22 billion [3]. In addition to
pain and infertility, leiomyomas have a significant negative social,
psychological impact on the quality of life as reported by 63% of
women with leiomyomas [8]. Current therapies for leiomyomas
are not consistently successful. Oral contraceptives are typically
the first treatment used for leiomyomas, however treatment
failure is common. Progesterone resistance frequently prevents
a sufficient clinical response and necessitates other therapies [916]. A gonadotropin releasing hormone (GnRH) agonist is the only

drug currently approved by the FDA for treatment of leiomyomas;
however, its duration is limited to six month time-course. Patients
frequently avoid this drug due to both the high cost and frequent
incidence of menopausal side effects [17]. Therefore, there is a
major public health need for more effective treatments.
In our current study, we used tissues from humans and
nonhuman primates. We demonstrate by immune histochemistry
(IHC) that leiomyomas express high levels of the pro-inflammatory
chemokine CXCL12 as well as receptor CXCR4. Additionally, we
demonstrate high expression of the recently discovered alternative
CXCL12 receptor, CXCR7, albeit with different signaling properties
[18]. The discovery that CXCR7 is another receptor for CXCL12
with high binding affinity, and recent reports about its involvement
in tumor progression, has questioned the potential of ‘‘selective
blockade’’ of CXCR4 in malignant tumor therapeutics [19]. The

Citation: Carmen J B, Graciela K. Expression of the Chemokine cxcl12 and its Receptors cxcr4 and cxcr7 in Human and Nonhuman Primate
Uterine Leiomyomas. Open Acc J Repro & Sexual Disord 1(2) - 2018. OAJRSD.MS.ID.000108.

1/8

Open Acc J Repro & Sexual Disord
over expression of this axis is linked to tumor development,
both through a direct modulation of neoplastic cell proliferation,
survival, and migration, and, indirectly, by acting on the tumor
microenvironment [19]. Leiomyomas are benign tumors and exist
in an inflammatory environment. We posit the over expression of
CXCL12/CXCR4/CXCR7 axis in leiomyomas make these molecules
potential therapeutic targets which may lead to inhibition of
disease progression in a non-hormonal fashion. Research studies in
several diseases such as inflammatory bowel disease [20], diabetes
mellitus [21], and various cancers [18] demonstrate the CXCL12/
CXCR4/CXCR7 protein signaling axis is proinflammatory and
furthers disease progression [22]. To date, these pathways have not
been elucidated in benign tumors such as leiomyomas.

The etiology of the signaling cascade leading to the development
and progression of leiomyomas is unknown. There are no
standardized rodent animal models for the study of spontaneous
uterine leiomyomas. However, nonhuman primates utilized in
breeding colonies and aging studies have shown that spontaneous
development of leiomyomas and leiomyosarcomas being the most
commonly reported uterine tumors in rhesus macaques [23-26].
Here, we demonstrate by IHC that CXCL12 and both its receptors
(CXCR4 and CXCR7) are highly expressed within the leiomyomas
of human and nonhuman primates vs. low to no staining in their
respective control myometrium. We posit the CXCL12/CXCR4/
CXCR7 signaling creates a feed forward loop within the leiomyomas
allowing aberrant cells to further proliferate. We propose that
blocking this pathway will lead to new nonhormonal therapies and
leiomyoma regression.

Materials and Methods

Control myometrium and leiomyomas were retrieved as
follows: Human tissues were obtained from women undergoing
hysterectomy who were consented for acquisition of discarded
tissue. Rhesus macaque (RM) tissues were obtained from
the diagnostic cases of Dr. Booth. RM #1, age 20, had a single

Results
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leiomyoma in the myometrium at the level of the cervix. RM #2,
age 24, had two spatially distinct uterine leiomyomas within the
myometrium of the uterus. The nonhuman primates were housed,
fed, and cared for, in studies approved by the Yale University School
of Medicine Institutional Animal Care and Use Committee. Human
and nonhuman primate tissues were immersion-fixed in 10%
neutral buffered formalin, trimmed, cassetted, processed, paraffinembedded, and sectioned at 5microns. The slides were stained with
hematoxylin and eosin (HE) by routine methods in the Department
of Comparative Medicine, Mouse Research Pathology Unit. IHC
on sections of human and nonhuman primate myometrium and
leiomyomas was performed by the Department of Pathology to
detect the expression of CXCL12, CXCR4, and CXCR7. Slides were
deparaffinized and rehydrated with distilled water. Next, they were
placed in epitope retrieval buffer at 95 degrees C for 30 min, cooled,
rinsed, and then placed in tris buffered saline (TBS) with tween
(TBST). Endogenous peroxidase was blocked using 3% hydrogen
peroxide then rinsed with TBST. The primary antibody was applied
for 30 minutes, and then rinsed in TBST. Next a horseradish
peroxidase-conjugated secondary anti-rabbit antibody (The
Jackson Laboratory, Bar Harbor, ME) was applied for 30 minutes,
and then rinsed in TBST. Liquid 3,3’-diaminobenzidine (DAB, Dako,
Carpenteria, CA) chromagen was used and the reaction halted at 5
minutes by placing the slides in distilled water. The slides were then
counterstained in hematoxylin, dehydrated, cleared and mounted
with resinous mounting media by routine methods. The human HE
and IHC slides were examined blind to prior diagnosis (CJB).
a. CXCR4: anti-CXCR4, ab124823, rabbit monoclonal, at 1:1000,
Abcam, USA.
b. CXCR7: anti-ACKR3 / CXCR7, LS-B1815-50, rabbit polyclonal,
at 1:1000, Lifespan Biosciences, USA.

c. CXCL12: anti-SDF1 / CXCL12, LS-B943-50, rabbit polyclonal,
at 1:200, Lifespan Biosciences, USA.

Figure 1: Representative photomicrographs of HE-stained sections of human (uterine) and rhesus macaque (cervix) leiomyoma
(L) and adjacent myometrium (M).
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Uterine leiomyoma in both human and nonhuman primates
were characterized as firm, expansile, well-circumscribed, and non
encapsulated benign diploid tumors. There may be single or multiple
leiomyomas which tend to compress the adjacent myometrium,
distort the conture of the uterus, and are microscopically comprised
predominantly of smooth muscle with varying amounts of fibrous
connective tissue [27-29]. While histologically leiomyomas have
low number of mitotic figures they can achieve great size [30].
Representative photomicrographs of HE-stained sections of the
human and nonhuman primate leiomyomas used in this study are
shown in Figure 1.

CXCR4 Expression in Myometrium vs. Leiomyoma in
Humans and Macaques

While G-protein coupled receptors such as CXCR4 are generally
regarded as plasma membrane receptors, it is now believed that
in pathological states they can localize to and associate with the
nucleus where they retain their function and continue to mediate
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nuclear signaling [31]. Indeed it has been shown that transportin
β1-binding to CXCR4 promoted its nuclear translocation [31].
It has been suggested that functional, nuclear CXCR4 may be
a mechanism underlying cancer recurrence [18,31,32]. Our
preliminary investigation of CXCR4 expression in archival slides
of human uterine leiomyomas showed CXCR4 expression in
human uteri which consistently stained the majority of leiomyoma
tumor cell nuclei (>50%) and variable, predominantly weak
cytoplasmic staining (>50%) in contrast to the adjacent nontumor
myometrium which displayed weak to mild staining in markedly
fewer adjacent nontumor myometrial smooth muscle cells (nuclei/
cytoplasm<25%) (Figure 2). Similarly the cervical and uterine
nonhuman primate leiomyomas consistently stained strongly
positive for the majority of tumor nuclei (>50%) and variable,
predominantly weak cytoplasmic staining (<50%) in contrast to
the adjacent nontumor myometrium which displayed weak to mild
staining in markedly fewer adjacent nontumor myometrial smooth
muscle cells (nuclei/cytoplasm<25%) (Figure 3).

Figure 2: Representative photomicrographs of CXCR4 IHC of human uterine (M) leiomyomas (L) and adjacent myometrium
(M) at low and higher power show strong positive staining is primarily nuclear with variable cytoplasmic in tumor cells with
fewer, fainter, or no staining in adjacent control myometrium.
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Figure 3: Representative photomicrographs of CXCR4 IHC of rhesus macaque (RM) leiomyomas (L) and adjacent myometrium
(M) from the cervix (RM#1) and two spatially distinct uterine (RM#2) at high power show strong positive staining is primarily
nuclear (>50%) with variable cytoplasmic staining in tumor cells with fewer, fainter, or no staining in adjacent control
myometrium.

CXCL12 Expression in Myometrium vs. Leiomyoma in
Humans and Macaques
The chemokine CXCL12 possesses an intracellular C-terminal
tail which contains serine and threonine residues [33] that can be
phosphorylated upon ligand binding eliciting intracellular signaling
G protein-recruitment, elevated calcium levels and generation of
inositol phosphate [34]. Additionally, β-arrestin binds to distinct
serine residues at the C-terminus determining the G proteincoupling and initializing the internalization of the receptor (and
the bound ligand) which is an important feature in regulation of
chemokine function. In recent years, CXCL12 was recognized to
participate not only in embryonic development and homeostatic
maintenance, but also, in the progression of inflammation [20]. To
date, there is a single study investigating the expression of CXCL12
in human leiomyomas vs. control endometrium [35]. The study
demonstrated by both RT-PCR and Western blotting, CXCL12 was
highly expressed in leiomyomas compared to control myometrium.
Interestingly, the expression pattern differed according to the size
of leiomyoma [35].

Following our initial studies with CXCR4 (SRI Poster, Abstract
F-118:Mar 9, 2018), we next compared CXCL12 expression in human
and nonhuman primate leiomyomas by immune histochemistry. As
can be seen in Figure 4, both human and macaques demonstrated
higher expression of CXCL12 in leiomyomas compared to control
myometrium. While staining was clearly expressed in the
cytoplasm, CXCL12 was highly expressed in vasculature. This

finding is supported by a recent study demonstrating high CXCL12
protein in the endothelium of the pulmonary vasculature [36].

CXCR7 Expression in Human and Macaque Myometrium
vs. Leiomyoma

C-X-C chemokine receptor type 7 (CXCR7) has been reported to
regulate cancer cell invasion [37,38]. Indeed, recent studies have
demonstrated that CXCR4 and CXCR7 are associated with tumor
invasion and progression [39]. CXCR7 was identified as an alternate
receptor for CXCL12 [18,20,38] which also plays a significant role in
inflammatory disease and cancer progression [38]. While studies on
the role of CXCR7 before have been conducted in malignant tumors,
no such studies have ever been conducted on benign tumors such
as leiomyomas. Therefore, we compared the expression of CXCR7
in control myometrium vs. leiomyomas in humans and nonhuman
primates. As can be seen in Figure 5, both species demonstrate
greater than 75% of the tumor cells have strong cytoplasmic
staining compared to minimal staining in the adjacent myometrium.
However, unlike CXCR4, CXCR7 is not expressed in nuclei but largely
expressed in the cytoplasm. Moreover, it is very strongly expressed
in vessels. It is now known that both CXCR7 and CXCR4 are essential
for the tube formation of endothelial progenitor cells in response
to CXCL12, indicating that CXCR7 may be another potential target
molecule for angiogenesis-dependent diseases [40]. Moreover, the
associated expression of CXCR4 and CXCR7 receptors predicts poor
prognosis in tumor progression [41].
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Figure 4: Representative photomicrographs of CXCL12 IHC of human uterine and rhesus macaque cervical (RM#1) and
uterine (RM#2) leiomyomas (L) and adjacent myometrium (M) at high power show strong positive granular cytoplasmic
(>50%) in tumor cells with strong vascular endothelial cell staining (arrowhead) and negative vascular smooth muscle cells
(arrow) in tumor and adjacent myometrium. There are fewer and fainter, or no staining in cells of adjacent control myometrial
smooth muscle cells.

Figure 5: Representative photomicrographs of CXCR7 IHC of human uterine and rhesus macaque cervical (RM#1) and uterine
(RM#2) leiomyomas (L) and adjacent myometrium (M) at high power show strong positive granular cytoplasmic (>75%) in
tumor cells with variable strong vascular endothelial cell staining (arrowhead) in tumor and adjacent myometrium(*). Scattered
vascular endothelial cells are negative (arrow). There are fewer and fainter, or no staining in adjacent control myometrial
smooth muscle cells.
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Discussion
Under physiological conditions, CXCL12 modulates cell
proliferation, survival, angiogenesis, and migration initially
believed to signal via its traditional receptor CXCR4 [42,43]. The
function of CXCR7 is generally considered to be mediated by: (a)
recruiting beta-arrestin or heterodimerizing with CXCR4; However,
the crosstalk between CXCL12/CXCR7/CXCR4 and other signaling
mechanisms is more complicated [42,43] (for review, please see
Hatterman and Mentlein [35].). The function of CXCR7 is also
involved in modulating tumor micro environment; tumor cell
migration and apoptosis [42-44].We posit that the inflammatory
milieu classically found in leiomyomas induces the CXCL12/
CXCR4/CXCR7 axis leading to a feed-forward cycle of growth within
the tumors themselves. Our research is the first study addressing
this axis in leiomyomas. Additionally, nonhuman primates develop
spontaneous uterine leiomyomas unlike rodent tumor models. This
has enormous potential to conduct comparative studies and aims
to better understand this disease and eventually develop novel
therapeutics targeting the CXCL12/CXCR4/CXCR7 axis for future
clinical use. Hence, the novel involvement of CXCR7 as a high affinity
binding partner of CXCL12 requires reexamination of the signaling
mechanisms [34] involved in inflammatory diseases. Additionally
the receptors can switch roles where CXCR7 [36,45] (instead of
CXCR4) mediates signal transduction. Further studies on the role of
the CXCL12/CXCR4/CXCR7 axis may offer a unique opportunity to
treat leiomyomas in a nonsurgical and nonhormonal manner.

Conclusion

Despite the high prevalence and enormous negative impact
of uterine leiomyomas on women’s health, their pathogenesis
remains largely unidentified. Uterine leiomyomas are associated
with several symptoms, including abnormal uterine bleeding,
pressure-related symptoms, and recurrent pregnancy loss [1,3-7].
Although the exact etiology is undetermined, the transformation
leading to leiomyoma formation is believed to be secondary to a
DNA mutation leading to transformation of the myometrial myocyte
[46-48]. Research studies show that CXCL12 signaling via receptor
CXCR4, is a potent chemokine that attracts stem cells to both
normal and abnormal tissues [49]. Since leiomyomas represent an
inflammatory milieu, we posit the CXCL12/CXCR4 axis may recruit
stem cells to further disease. This suggests targeting the CXCR4/
CXCL12 axis, may translate into a novel therapeutic avenue to treat
leiomyomas. Though CXCR4 is the more widely studied receptor for
CXCL12, CXCR7 isnow known as an alternate receptor as described
above. To date, no data on the role of CXCR7 in leiomyomas has
been described.
Although there are rodent xenograft models for studying
leiomyomas, this model requires surgical implant into the mouse
uterus and does not accurately mimic natural disease. . Leiomyoma
research and therapeutic trials would benefit from an animal
model with spontaneous uterine leiomyomas similar to humans.
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Nonhuman primates involved in aging studies, biomedical research
or retired from breeding colonies where tissues have already been
harvested when animals oopherectomized or necropsied for other
reasons provide a valuable resource. Our ongoing goals follow:
a. Expand the number of human and nonhuman reproductive
leiomyomas and compare the expression of CXCL12/CXCR4/
CXCR7 and evaluate tumors with markers for mesenchymal
stem markers.

b. Determine the effect of agents that enhance or block
CXCL12, CXCR4, or CXCR7 and the effect these experiments
have on leiomyoma regression. The overarching goal is to find
novel interventions which can reduce or abolish disease as a
prerequisite for human trials.
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