
Abstract. Background/Aim: The kisspeptin 1 (KISS1) gene
encodes a precursor polypeptide which after proteolysis forms
the kisspeptin-10 (KISS1) protein. KISS1, retains maximum
physiological activity when it binds to its receptor (KISS1R),
allowing KISS1 to effectively function as a suppressor of
metastasis in melanomas and other types of cancer. The goal
of this study was to evaluate the expression of KISS1 and
KISS1R in breast carcinomas from African American (AA)
women and correlate their association with
clinicopathological features, including breast cancer subtypes,
and outcomes. Materials and Methods: Tissue microarrays
were constructed from formalin-fixed, paraffin-embedded
surgical blocks from 216 AA patients. KISS1 and KISS1R
expression was assessed using immunohistochemistry.
Univariate analysis was used to determine the association
between the expression of KISS1 and KISS1R, and
clinicopathological characteristics. Pearson correlation was
also determined between immunohistochemical H-scores,
tumor size, and the number of positive lymph nodes. Kaplan–
Meier estimates of overall and disease-free survival were

plotted, and log-rank tests were performed to compare
estimates among groups. Results: KISS1 protein expression
was found to be higher in receptor-negative and triple-
negative breast cancer (TNBC) compared to other subtypes
(p<0.001). However, KISS1R expression was higher in non-
TNBC tumors compared to other subtypes (p<0.001). Higher
KISS1R expression was marginally negatively correlated with
tumor size (p=0.077), and positively correlated with lymph-
node positivity (p=0.056), and disease-free survival
(p=0.092). Conclusion: Our study showed a significant
inverse correlation between KISS1 and KISS1R in TNBC. This
investigation implicates a role for KISS1 and KISS1R in the
pathogenesis of TNBCs in AA women.

A family of proteins known as kisspeptins play a role in
regulating pulsatile hormone production of the hypothalamic–
pituitary–gonadal axis. The kisspeptin 1 gene is located at
1q32 of the human genome and is composed of four exons
which encode for a single precursor polypeptide (145 amino
acids). The precursor peptide undergoes different proteolytic
processes creating different kisspeptin derivatives (KP-54, KP-
14, KP-13, and KP-10) (1). Of these derivatives, kisspeptin-
10 (also known as KP-10 or KISS1) retains maximum
physiological activity when binding to its receptor, G-protein-
coupled receptor 54 (KISS1R, also known as GPR54).

Despite the many reports of the anti-metastatic function of
KISS1 and KISS1R signaling pathway in several types of
cancer, their functions in breast cancer are controversial. Many
researchers reported the anti-metastatic function of KISS1 and
KISS1R (1-5), while others reported their oncogenic and
metastatic function (6-13). For example, it was shown that
KISS1 mRNA and protein were not expressed in node-positive
tumors compared to node-negative tumors (10), supporting its
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anti-metastatic role. Furthermore, KISS1 protein levels were
found to be higher in primary breast tumors compared to those
which had metastasized to the brain (10). Nicolle et al. also
reported that KISS1 significantly reduced expression in
metastatic cancer, with KISS1 activating a cascade that
suppressed cell migration from the primary tumor site (14).
Regarding KISS1R, no significant difference in its expression
was found in either node positive or node-negative breast
cancer (10).

In vitro experiments in estrogen receptor α (ERα)-positive
cells (MCF-7 and T47D) also demonstrated the function of
KISS1 as an anti-metastatic protein by inhibiting the
expression of the oncogenes WASP family member 3
(WASF3), a member of Wiskott–Aldrich family of proteins,
due to increased levels of zinc finger E-box binding
homeobox 1 and 2 (ZEB1/2). Therefore, a reduced level of
KISS1 expression results in up-regulation of WASF3 and
ZEB1/2 along with increased activity of metallopeptidase- 9
(MMP9), causing cells to acquire an invasive phenotype (3).
Conversely, increased levels of KISS1 mRNA and protein
were found in MDA-MB-231 cells and enhanced cellular
metastasis and reduced cell adhesion through epidermal
growth factor receptor transactivation were demonstrated,
which led to endogenous stimulation of KISS1R expression,
and stimulation of MMP9 (11). Remarkably, treatment of a
non-tumorigenic epithelial cell line MCF-10A with KISS1
caused cells to acquire a mesenchymal-like phenotype in 3D
cell cultures while expressing stable levels of KISS1R. It is
possible that under pathological conditions and upon loss of
ERα, there is up-regulation of KISS1 or KISS1R which
might cause epithelial–mesenchymal transition (10).

Studies have investigated the relationship between ERα
signaling and KISS1/KISS1R in breast cancer with opposing
conclusions. One study of 59 primary breast cancer tissue
samples found that KISS1/KISS1R levels were elevated in
ERα-positive tumors compared to ERα-negative breast
cancer (8). However, another showed that estradiol signaling,
in ERα-expressing MDA-MB-231 cells, down-regulated
KISS1 expression by altering the binding of RNA polymerase
II at the KISS1 promoter (15). Conversely, a study of 124
tumor samples revealed higher KISS1 expression in node-
positive than in node-negative tumors, and that elevated
KISS1 expression induced invasiveness and reduced cell
adhesion in MDA-MB-231 cells (6).

Given the debatable roles of KISS1 and KISS1R in breast
cancer, there is still a need to characterize these markers in
hormone receptor-positive and -negative tumors. We
hypothesize that KISS1 signaling has an anti-metastatic
function in the presence of ERα, which maintains epithelial
growth and regulates the transcription of KISS1 and KISS1R.
We also hypothesize that in the absence of ERα expression,
KISS1/KISS1R may be up-regulated resulting in epithelial–
mesenchymal transition and promoting a migratory phenotype

(invasiveness). Therefore, the goal of this study was to
evaluate and correlate the immunohistochemical expression of
KISS1 and KISS1R with clinicopathological features and
breast cancer subtypes. Because of the high prevalence of
receptor-negative tumors in African American (AA) women,
we characterized and assessed KISS1 and KISS1R expression
in those with triple-negative breast cancer (TNBC).

Materials and Methods

Tissue microarrays and immunohistochemistry (IHC). This study
was reviewed and approved by the Howard University Institutional
Review Board (IRB-19-MED-53). The breast cancer cases were
diagnosed at Howard University Hospital between 1998 and 2013
with >5 years of follow-up. A series of TMAs were constructed
(Pantomics, Inc., Richmond, CA, USA) consisting of 10×16 arrays
of 1.0-mm tissue cores from well-preserved, morphologically
representative tumors in archived formalin-fixed, paraffin-embedded
surgical blocks from 216 AA patients with primary intraductal
carcinoma. A precision tissue arrayer was used for punching the
marked foci on the blocks, which correlated with the optimal tumor
on the hematoxylin and eosin-stained sections. The device also had
a micrometer-precise coordinate system for tissue assembly on a
multi-tissue block. Two separate tissue cores of intraductal
carcinoma represented each surgical case in the TMA series. Each
separate tissue core was assigned a unique TMA location number,
which was subsequently linked to an Institutional Review Board-
approved database containing demographic and clinical data. Using
a microtome, 5-μm sections were cut from the TMA blocks and
mounted onto Superfrost Plus microscope slides.

KISS1 and KISS1R expression were assessed with a rabbit anti-
human KISS1 antibody at a 1:200 dilution, and rabbit anti-human
GPR54 antibody at a 1:100 dilution (US Biological Life Sciences,
Salem, MA, USA). The sections were evaluated for the intensity of
reactivity (scored 0-3) and the percentage of reactive cells, cytoplasmic
expression for KISS1 and membranous for KISS1R. H-Scores were
determined based on the product of the intensity of reactivity and the
percentage of cells showing immunochemical expression. Cases were
categorized as having negative/weak (score <150 for KISS1 and <100
for KISS1R) expression or moderate/strong (score >10) expression.
The final H-score was the average of the duplicate cores.

Breast subtypes were defined using immunohistochemical
expression of ER, progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), and Ki-67 index (as a percentage).
Luminal A subtype was characterized by strong expression of ER
or PR (H-score ≥200) and HER2 negativity. Luminal B subtype was
characterized by weaker expression of ER or PR (H-score <200)
and HER2 positivity, Ki-67 >14%, or by positive expression of ER,
PR and HER2. The HER2-overexpressing subtype was hormone
receptor-negative with only HER2 positivity. The triple-negative
subtype lacked expression of ER, PR, and HER2.

Statistical analysis. Statistical analyses were performed using the SPSS
28 statistical program (IBM, Armonk, NY, USA). IHC results were
analyzed as continuous variables (H-scores) and categorical/bivariate
variables (negative/weak and positive/moderate/strong) as described
in the IHC section. Univariate analysis was utilized to determine the
association between IHC markers and clinicopathological variables
such as: ER, PR, HER2, subtype, modified Scarff–Bloom–Richardson
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grading (16), TNM staging (17), and tumor size. Chi-square analyses
were also performed to determine the association between KISS1 and
KISS1R IHC expression with breast cancer clinicopathological factors.
Analysis of variance (ANOVA) was used to determine the association
between KISS1 and KISS1R H-scores and categorical variables.
Bivariate correlations using Pearson’s correlation were finally
performed to determine the correlation between KISS1 and KISS1R
H-scores and continuous variables.

Values of p<0.05 were considered statistically significant and
values of p≥0.1 marginally statistically significant. Kaplan–Meier
estimates of overall survival (defined as the length of time from the
date of diagnosis until the last day of contact with the patient or
death) and disease-free survival (defined as the length of time from

the date of diagnosis until the day of breast cancer recurrence) were
plotted, and a log-rank test performed to compare estimates among
groups. The study covered the period from 1998 to 2013 with >5
years of follow-up.

Results

Clinicopathological data of the patients with breast cancer.
Clinical and pathological characteristics of the study
population are summarized in Table I. The mean age of the
patients at diagnosis ranged from 23 to 97 years. The mean
tumor size and median number of positive regional lymph
nodes were 35.43 mm, and 11.21; respectively.

Fifty-four (25%) and 96 (44.4%) patients were with and without
recurrence of breast cancer, respectively; 83 (38.4%) had lymph
node-negative disease while 85 (39.4%) had lymph node-positive
disease.

Clinical data were available for 201 patients out of the 216
samples tested in the TMAs. Among the 201 patients, 45 (20.8%)
had luminal A, one (0.5%) luminal B, and 12 (5.6%) had HER2-
overexpressing breast cancer. These three subtypes were grouped
into the non-TNBC category (n=58; 26.9%) and compared to the
143 (66.2%) patients with TNBC.

KISS1/KISS1R expression in different stages of human breast
cancer. IHC was used to investigate the cytoplasmic and
membranous expression levels of KISS1 and KISS1R using
the TMAs (Figure 1). Table II presents the descriptive
statistical analysis of the continuous variables: KISS1 and
KISS1R H-scores, age, tumor size, positive lymph nodes and
excised regional lymph nodes. The final scoring of KISS1
and KISS1R protein expression was correlated with the
clinicopathological data of the study population. ANOVA
showed an inverse relationship between KISS1 and KISS1R
expression; increased KISS1 and low KISS1R expression
were found in TNBCs while low KISS1 and increased
KISS1R expression were seen in non-TNBCs and luminal
breast tumors. A high KISS1 H-score was significantly
associated with ER-negative (p<0.001), PR-negative
(p<0.001), HER2-negative (p<0.001), and TNBC (p<0.001)
phenotypes (Table III; Figure 2). On the contrary, high
membranous expression of KISS1R was significantly
associated with ER-positive (p<0.001), PR-positive
(p=0.003), HER2-positive (p<0.001) and non-TNBC
(p<0.01) phenotypes (Table III; Figure 2).

Pearson correlation also found an inverse relationship
between KISS1 and KISS1R H-scores (p<0.001) (Figure 3).

Pearson’s correlation coefficient (two-tailed test) was used
to determine whether there was a significant relationship albeit
weak correlation between the KISS1/KISS1R H-scores and
the continuous variables; scatter plots were used to represent
the relationship between the numeric variables. Pearson
correlation analysis (Figure 4) showed that high KISS1R
expression was marginally associated with smaller tumor size
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Table I. Clinicopathological data of the study population. 

Parameters                         Category                             Frequency, n (%)

Recurrence                         No                                               96 (44.4)
                                           Yes                                              54 (25.0)
                                           Total                                          150 (69.4)
                                           Missing                                      66 (30.6)
Lymph-node positivity      No                                               83 (38.4)
                                           Yes                                              85 (39.4)
                                           Total                                         168 (77.8)
                                           Missing data                               48 (22.2)
Pathological stage             0                                                   16 (7.4)
                                           1                                                   19 (8.8)
                                           2                                                  30 (13.9)
                                           3                                                   16 (7.4)
                                           4                                                    3 (1.4)
                                           Total                                           84 (38.9)
                                           Missing data                             132 (61.1)
Breast cancer subtype       Luminal A                                  45 (20.8)
                                           Luminal B                                    1 (0.5)
                                           HER-2 Overexpression              12 (5.6)
                                           TNBC                                        143 (66.2)
                                           Total                                          201 (93.1)
                                           Missing                                        15 (6.9)
                                           Non-TNBC                                58 (26.9)
                                           TNBC                                        143 (66.2)
                                           Total                                          201 (93.1)
                                           Missing data                                15 (6.9)
ER status                            Negative                                    157 (72.7)
                                           Positive                                      47 (21.8)
                                           Total                                          204 (94.4)
                                           Missing data                                12 (5.6)
PR status                            Negative                                    165 (76.4)
                                           Positive                                      38 (17.6)
                                           Total                                            203 (94)
                                           Missing data                                 12 (6)
HER2 status                       HER2 equivocal                       189 (87.5)
                                           HER2 overexpression                  13 (6)
                                           Total                                          202 (93.5)
                                           Missing data                                14 (6.5)

ER: Estrogen receptor; HER2: human epidermal growth factor receptor
2; PR: progesterone receptor. HER2+: ER–, PR–, HER2+; luminal A:
ER+ or PR+, HER2–; luminal B: ER+ or PR+, HER2+; TNBC: triple-
negative breast cancer,  ER–, PR–, HER2–; Equivocal: HER2 status was
not clear; n: number of cases.



(Pearson correlation=–0.169, p=0.077), number of positive
nodes (Pearson correlation=0.179, p=0.056), and better
disease-free survival (Pearson correlation=0.216, p=0.092).

Discussion

Literature on breast cancer, the role and the expression of
KISS1 and its receptor KISS1R is contradictory. Numerous
studies have demonstrated that KISS1 served as a promising
biomarker relative to the diagnosis, identification of
therapeutic targets and prognosis in various carcinomas, while
other studies have systematically summarized its subjective
factors and concluded the functions of KISS-1/KISS1R
signaling in physiology homeostasis and cancer biology
[reviewed in (18)]. Reports on KISS1 and KISS1R expression
have documented the anti-metastatic role of KISS1 in different
tumors such as melanoma (19-21), pancreatic (22), brain (23)
and esophageal (24) cancer, and in HeLa cells (25).

KISS1 has been shown to be up-regulated in aggressive
breast cancers, having adverse outcomes including metastases
and death (26). KISS1 is a peptide and a ligand requiring
binding to KISS1R to activate the KISS1/KISS1R signaling
pathway which suppresses tumor growth, invasion, and

metastasis. The intracellular signaling of KISS1R has been
determined both in human and mouse cell lines in different
studies (1-3, 12, 34, 27-30). The receptor is a G-protein-
coupled receptor composed of seven transmembrane domains;
upon activation, it activates phospholipase C, which mediates
the conversion of phosphatidylinositol bisphosphate (PIP2) to
inositol 1,4,5-triphosphate (IP3) and diacylglycerol. IP3
stimulates the intracellular reserve of calcium ions (Ca2+) to be
released from the smooth endoplasmic reticulum to the
cytoplasm. On the other hand, diacylglycerol along with a high
intracellular Ca2+ level causes activation of protein kinase C,
which in-turn activates other mitogen-activated protein kinases,
including extracellular signal-regulated kinases 1 and 2, and
P38, depending on the type of cell (31). This is in part the basis
for the control of cellular proliferation and migration.
Activation of different mitogen-activated protein kinases may
contribute to the antiproliferative and anti-metastatic effects of
KISS1. However, the expression and signaling cascade of
KISS1/KISS1R cannot be generalized to all types of cells.
Therefore, the goal of our study was to evaluate the expression
of KISS1 and KISS1R in breast carcinomas from AA women
and to determine their association with clinicopathological
outcomes including breast cancer subtypes.
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Figure 1. Immunohistochemical expression of KISS1 and KISS1R in human breast cancer tissues. A: Strong cytoplasmic immunostaining of KISS1
expression (magnification, ×200). B: Strong membranous immunostaining of KISS1R expression  (magnification, ×400).

Table II. Descriptive statistical analysis of the continuous variables. 

Variable                                                           N                             Minimum                       Maximum                           Mean                                   SD

KISS1 H-score                                              172                                    0                                   300                               146.09                             103.024
KISS1R H-score                                            137                                    0                                   300                                 92.12                               87.954
Age, years                                                      200                                  23                                     97                                  57.20                               14.213
Tumor size, mm                                            174                                    3                                   150                                 35.43                               27.667
Lymph node positivity                                  168                                    0                                     97                                    3.70                                 9.878
Excised regional lymph nodes                     189                                    0                                     98                                  11.21                               13.752

N: Number of patients; SD: standard deviation. 



Our study shows a significantly strong inverse correlation
between KISS1 and reduced KISS1R. Our IHC data showed an
elevated level of KISS1 expression as the TNM stage breast
cancer increased, with the highest level being expressed in
TNBCs. This finding is similar to what had been previously
reported by Martin et al. (6), “KISS1 increased with tumor grade
and increased TNM status in breast cancer”. Whereas another
study of 59 primary breast cancer tissue samples indicated that
both KISS1 and KISS1R levels were elevated in ER-positive
tumors rather than in ER-negative breast cancer (8). On the other
hand, our Pearson correlation analysis revealed an inverse
relationship between KISS1 and KISS1R expression. Our
findings suggest that there is a negative-feedback mechanism
involving the expression of KISS1 and the expression of
KISS1R. ANOVA analysis showed higher expression of KISS1R
in ER-positive tumors compared to ER-negative tumors and this
might explain why the expression of KISS1 is higher in ER-
negative tumors to compensate for the low expression level of
the receptor (KISS1R). Several studies have reported that the ER
status of breast epithelium critically regulates the ability of
KISS1R signaling to stimulate the invasiveness of the disease.
The ‘brake’ keeping KISS1/KISS1R signaling in check is lost in
ER-negative cancer (32, 33); and as a result of the reduced
expression of either or both KISS1 and KISS1R; therefore,
increased signaling through KISS1R might lead to the induction
of the epithelial–mesenchymal transition (34, 35).

Furthermore, we found a positive correlation between
KISS1R expression and lymph node-positivity, and a negative
correlation with KISS1 expression. As a result, the KISS1R
level may be high in lymph-node positive tumors due to
KISS1R transactivation by epidermal growth factor receptor,

mediated by β-arrestin 1/2 (10), and subsequent increased
expression of MMP9 (11). Moreover, KISS1R transactivation
may cause suppression of KISS1 expression based on the
results mentioned above. Therefore, KISS1R might serve as a
biomarker for breast cancer progression and metastasis.

In contrast, an IHC and quantitative reverse transcription-
polymerase chain reaction study of 124 tumor samples
revealed higher KISS1 expression in node-positive than in
node-negative tumors, and elevated KISS1 expression
induced invasiveness and reduced cell adhesion in MDA-MB-
231 cells (6). However, the KISS1 signaling pathway has an
anti-metastatic role in the presence of estradiol signaling,
which maintains epithelial growth and regulates transcription
of KISS1 and KISS1R, while in the absence of ER
expression, transcription of KISS1/KISS1R is up-regulated,
causing progression to epithelial–mesenchymal transition and
promoting a migratory phenotype (invasiveness) (10, 26).

Tumor cells exhibit the Warburg effect, increasing their
glucose uptake, and prefer glycolysis rather than oxidative
phosphorylation for ATP (36). Previously, we demonstrated
that TNBC tumors have metabolic signatures that distinguish
them from ER-positive tumors and this contributes to their
distinct clinical phenotypes observed. TNBCs were shown to
have increased glycolytic intermediates and lactate
production compared to ER-positive tumors. The elevation
of nearly all glycolytic intermediates in TNBC versus ER-
positive tumors suggests an increase in Warburg metabolism
in TNBCs (37). Notably, KISS1 takes part in reversing the
Warburg effect in tumor cells through the SMAD signaling
pathway (38, 39). KISS1/KISS1R signaling only occurs with
the binding of KISS1 to KISS1R and is blocked when there
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Table III. Analysis of variance of mean cytoplasmic KISS1 and membranous KISS1R immunohistochemical scoring (H-scores), and their association
with the breast cancer subtypes of the study population.

                                                                                                         KISS1 (N=162)                                                     KISS1R Expression (N=125)

Factor                    Subgroup                            Mean H-score        SEM              F             p-Value          Mean H-score         SEM            F          p-Value

ER                         Negative                                     177.95               8.57          42.12          <0.001                   72.36                8.57        24.53        <0.001
                              Positive                                        71.10             12.30                                                         173.61              12.32                              
PR                          Negative                                     170.97               8.57          28.38          <0.001                   78.35                8.57          9.50         0.003
                              Positive                                        72.88             12.32                                                         157.50              12.32                              
HER2                     Negative                                     161.62               8.17          17.42          <0.001                   76.64                8.17        18.09        <0.001
                              Positive                                        40.00             10.87                                                         209.29              10.87                              
Subtype                 Luminal A                                    73.72             12.79          27.32          <0.001                 169.69              12.790     18.24        <0.001
                              Luminal B                                    40.00             25                                                              210.00                                                     
                              HER2-overexpression                 40.00             11.91                                                         209.17              11.91                              
                              TNBC                                         192.50               8.00                                                           60.98                8.00                              
TNBC status         Non-TNBC                                  65.78             10.26          80.74          <0.001                 181.74              10.26        53.45        <0.001
                              TNBC                                         192.50               8.30                                                           60.98                8.30                              

ER: Estrogen receptor; HER2: human epidermal growth factor receptor 2; PR: progesterone receptor; TNBC: triple-negative breast cancer; HER2+:
ER−, PR− and HER2+; luminal A: ER+ or PR+ and HER2−; luminal B: ER+ or PR+ and HER2+; TNBC: ER−, PR− and HER2−; N: number of cases;
SEM: standard error of the mean.
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Figure 2. Analysis of variance of mean membranous KISS1R (A), and cytoplasmic KISS1 (B) immunohistochemical expression (H-scores) by receptor
status ER: Estrogen receptor; HER2: human epidermal growth factor receptor 2; PR: progesterone receptor; TNBC: triple-negative breast cancer;
HER2+: ER–, PR– and HER2+; luminal A: ER+ or PR+ and HER2–; luminal B: ER+ or PR+ and HER2+; TNBC: ER–, PR– and HER2–.



is insufficient KISS1R to bind the excessive amount of
KISS1 as is observed in TNBCs in AA women.

We found a marginal association of high KISS1R
expression with smaller tumor size, number of positive
nodes, and better disease-free survival. This is inconsistent
with a study reported by Savvidis and colleagues (40). When
they studied the relationship between KISS1/KISS1R
expression and tumor progression in differentiated thyroid
cancer, they found significantly high KISS1 expression in
tumors with extrathyroidal invasion and advanced stages,
statistically significantly low KISS1R expression, and
moderate negative correlation with tumor size. Another study
reported high KISS1 expression in hepatocellular carcinoma
and its statistically significant influence on diminished
disease-free and overall survival (41). Therefore, the function
and signaling of KISS1 and KISS1R in breast cancer remain
controversial and require further investigation.

Study limitations. The  availability of long-term follow-up
information was limited in some cases and may have
compromised the analysis. Therefore, more investigation of
immunohistochemical findings in primary breast cancers and
metastatic sites other than lymph-nodes may yield helpful
information about the role of KISS1/KISS1R expression as
biomarkers in TNBC in AA women.

Conclusion

Our study showed a striking significant inverse correlation
between KISS1 and KISS1R expression. Increased
expression of KISS1 is required to prevent further tumor
invasiveness and formation of local or distant metastases,
and reduced expression of KISS1R seems to attenuate

signaling of the KISS1/KISS1R system and leads to tumor
growth. Therefore, we postulate that in TNBCs in AA
women, KISS1R may be deleted, mutated, defective, or
expression is saturated, leading to loss of signaling in the
KISS1/KISS1R pathway with consequent increased capacity
for tumor invasion and metastatic spread. Tumorigenesis has
been reported to differ in minority populations, and in
TNBCs in AA women. Our study seems to indicate that anti-
metastatic and tumor-suppressant effects of the
KISS1/KISS1R pathway are lost in AA women with TNBC,
allowing aggressive breast cancer to develop.

The loss of function of the KISS1/KISS1R signaling
pathway is associated with adverse prognosis in the specific
population of AA women with TNBC. If this signaling
pathway is shutdown/nonfunctional in AA women with
breast cancer, then therapy is needed that up-regulates
signaling, i.e. using an agonist, instead of an antagonist
(down-regulating abnormal signaling) as has been shown in
other studies in White females (42, 43).

Therefore, this initial investigation implicates a role of
KISS1/KISS1R in the pathogenesis of TNBC in AA women
which needs to be verified in larger studies including
comparison with different ethnic populations.
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Figure 3. Correlation between immunohistochemical cytoplasmic KISS1 and membranous KISS1R  expression (H-score) in breast cancer tissues. 
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