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Abstract: Background and Objectives: Kidney and brain protein (KIBRA) is a protein encoded by the
WW and C2 domain containing 1 (WWC1) gene and is involved in the Hippo signaling pathway.
Recent studies have revealed the prognostic value of KIBRA expression; however, its role in breast
cancer remains unclear. The aim of this study was to examine KIBRA expression in relation to
the clinical and pathological characteristics of patients with breast cancer and to disease outcomes.
Materials and Methods: We analyzed the expression of KIBRA and its correlation with event-free
survival (EFS) outcomes in resected samples from 486 patients with breast cancer. Results: KIBRA
expression was significantly different among the molecular subgroups (low KIBRA expression:
luminal A, 46.7% versus 50.0%, p = 0.641; luminal B, 32.7% versus 71.7%, p < 0.001; human epidermal
growth factor receptor 2 (HER2)-enriched, 64.9% versus 45.5%. p = 0.001; triple-negative, 73.6%
versus 43.8%, p < 0.001). Low KIBRA expression was also associated with high nuclear grade
(60.4% versus 37.8%, p < 0.001), high histologic grade (58.7% versus 37.0%, p < 0.001), and estrogen
receptor (ER) negativity (54.2% versus 23.6%, p < 0.001). Low KIBRA expression was significantly
associated with poor EFS (p = 0.041; hazard ratio (HR) 1.658; 95% confidence interval (CI), 1.015–2.709).
Low KIBRA expression was an independent indicator of poor prognosis (p = 0.001; HR = 3.952;
95% CI = 1.542–10.133) in triple-negative breast cancer (TNBC). Conclusion: Low KIBRA expression
was associated with higher histological grade, ER negativity and poor EFS of breast cancer. In
particular, our data highlight KIBRA expression status as a potential prognostic marker for TNBC.

Keywords: KIBRA; breast cancer; triple-negative breast cancer; Hippo pathway

1. Introduction

Breast cancer is the most common malignancy among women worldwide and is
a leading cause of cancer-related deaths. Breast cancer accounts for 25% of all cancer
cases and 15% of all cancer-related deaths [1]. Approximately 15% of breast cancers are
diagnosed as triple-negative breast cancer (TNBC), and there are no approved targeted
therapies for TNBC, leading to poor prognosis [2–4]. In this regard, concerted efforts
have been made to understand the molecular basis of TNBC heterogeneity and discover
actionable targets [4]. Although the TNBC subgroup is considered a single entity based
on immunohistochemistry (IHC), molecular profiling has revealed an unpredictable level
of heterogeneity [5]. The landmark study identified seven clusters of TNBC: basal-like
1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal (M), mesenchymal
stem-like (MSL), luminal androgen receptor (LAR), and unstable (UNS) [5,6]. Additionally,
through next-generation sequencing, integrating mutation status, gene expression, and
copy number, breast cancers have been segregated into ten “integrative clusters” [7]. Most
TNBCs (60%) belong to integrative cluster 10 (IntClust10), with a 5-year increased risk for
recurrence and frequent TP53 mutations [1]. Up to 70% of TNBCs also have deletions on
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the long arm of chromosome 5, from 5q11 to 5q35 [8–11]. However, with a few exceptions,
genes conferring selective pressure for 5q loss are relatively unknown [11].

A recent study by Knight et al. indicated that a gene named the WW and C2 domain
containing 1 (WWC1) gene could inhibit breast cancer progression [1]. The WWC1 gene
located on 5q encodes a scaffold protein, the kidney and brain protein (KIBRA), which acti-
vates the Hippo pathway [12,13]. This, in turn, controls tissue growth and tumorigenesis,
inhibits cell proliferation, and promotes apoptosis [14–17]. Therefore, a deletion in chro-
mosome 5 suggests a loss of tumor suppressive function, leading to tumor proliferation,
especially in TNBC [8–10]. Accordingly, studies have been conducted to analyze the associ-
ation between KIBRA expression and prognosis in patients with breast cancer. The results
revealed that KIBRA could be a potential therapeutic target for breast cancer [9,18,19].

Despite growing evidence that WWC1 is involved in breast cancer progression, few
studies have evaluated the relationship between tumor characteristics and patient survival.
Most studies have been laboratory investigations, indicating the need for further research
using human tissues [18,19]. To address these issues, we performed clinical studies examin-
ing KIBRA expression in relation to the clinical and pathological characteristics of patients
with breast cancer and disease outcomes. In particular, through an in-depth study of KIBRA
expression in each subgroup of a molecular classification in patients with breast cancer, we
examined whether KIBRA has potential to become a meaningful prognostic predictor.

2. Materials and Methods
2.1. Case Selection

This study (2019-05-051) was reviewed and approved by the Institutional Review
Board of Kangbuk Samsung Hospital (Seoul, Korea). We searched breast cancer cases in
the surgical pathology database of the Department of Pathology at Kangbuk Samsung
Hospital using a combination of the keywords, “carcinoma” and “breast”. Between 2007
and 2017, 522 patients who underwent surgical resection for breast cancer were included in
the study. Of the 522 cases initially evaluated for the study, 35 were excluded based on the
following exclusion criteria: treatment with neoadjuvant therapy and no available clinical
information. A total of 486 patients were included in this study. All cases were reviewed to
verify the diagnoses; hematoxylin and eosin (HE) sections were examined by two expert
pathologists (JA C and SI D) to ensure that the tissues were representative of the diagnoses.
A two-step, systematic review of the routine morphological and immunohistochemical
aspects of the cases was performed by the authors who were blinded to the diagnoses.
Each slide was labeled with a unique study number. For the tissue microarray (TMA)
analysis, two cores were acquired from each case. To minimize the possible problem of
intratumoral heterogeneity, two expert pathologists (JA C and SI D) carefully selected
the most representative areas morphologically for TMA by reviewing the HE slides. In
addition, while reviewing the HE slides of all representative resection specimens, the
relevant areas were selected as cores if there were differences in morphology, such as tumor
growth pattern or differentiation.

We reviewed the medical records and pathology reports of breast cancer patients in
order to document various clinicopathological parameters, including age at diagnosis, sex,
histological grade, tumor size, pathological tumor stage (pT), lymph node metastasis, lym-
phovascular invasion, recurrence, and metastatic status at the last follow-up. Tumors were
diagnosed histologically based on the World Health Organization classification, and the
pathological TNM Classification of Malignant Tumors (TNM) stage was determined based
on the guidelines established by the American Joint Committee on Cancer (8th edition) [20].
Histopathological review mainly focused on nuclear grade, histological subtype, and grade,
including predominant growth patterns, nuclear features, and mitotic activity, which was
based on the Modified Blacks nuclear grading system and Nottingham histologic score
system [21,22]. To estimate event-free survival (EFS), patients were followed-up from the
date of surgery to the date of death or other events, such as metastasis or recurrence. The
development of local recurrence and distant metastasis was revealed on imaging analyses,
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including computed tomography and magnetic resonance imaging. The follow-up period
for all patients was from January 2007 to December 2019.

2.2. Immunohistochemistry and Fluorescence In Situ Hybridization

Staining was performed using an autoimmunostainer (BenchMark XT; Ventana Med-
ical Systems SA, Strasbourg, France) according to the manufacturer’s instructions [20].
Briefly, 4 µm-thick sections of formalin-fixed and paraffin-embedded tissue samples were
deparaffinized with Bond Dewax Solution, and antigen retrieval was performed using
Bond ER Solution for 30 min at 100 ◦C. Endogenous peroxidases were quenched by in-
cubation with hydrogen peroxide for 5 min. The sections were incubated for 15 min
at ambient temperature, with a monoclonal rabbit antibody against KIBRA (1:50, clone
OTI1H8, Abcam, Cambridge, MA, USA), estrogen receptor (ER, 1:200, clone 6F11, Leica
Biosystems, Buffalo Grove, IL, USA), progesterone receptor (PR, 1:200, clone 16; Leica
Biosystems, Buffalo Grove, IL, USA), human epidermal growth factor receptor 2 (HER2,
1:1, clone 4B5, Ventana Medical Systems SA, Strasbourg, France), and Ki-67 (1:100, clone
MIB-1, Dako, Carpinteria, CA, USA). Positive controls (normal breast parenchyma for ER
and PR) and tonsil samples (KI-67 labeling index) were concurrently stained to validate
the staining method. The expression status of ER, PR, HER2, and Ki-67 was evaluated
according to the American Society of Clinical Oncology/College of American Pathologists
guidelines (14, 15). A negative control was prepared by substituting the primary anti-
body with a non-immune serum sample, which resulted in no detectable staining. The
equivocal staining pattern of HER2 was confirmed by fluorescence in situ hybridization
using the ZytoLight SPEC HER2/CEN 17 Dual Color Probe (Zytovision, Bremerhaven,
Germany). The Ki-67 labeling index was supplemented by HiPath ProTM computer-aided
immunohistochemistry analysis (GenASIs, Carlsbad, CA, USA).

2.3. Interpretation of the KIBRA Results

The degree of immunohistochemical KIBRA expression was semi-quantitatively de-
termined by assessing the proportion of cancer cells that stained positively in the nucleus
and the staining intensity, as previously described [18] (Figure 1). KIBRA expression was
scored as follows: no staining = 0, weak staining = 1, moderate staining = 2, and strong
staining = 3. The intensity of staining in normal breast epithelial cells was considered to
have a score of 2, and other scores were assigned accordingly [18]. KIBRA-low was defined
as an expression level in which the percentage of stained tumor cells was less than 50% and
the intensity score was 0.1. All immunostained slides were examined and scored by two
board-certified pathologists (S-W K and K N) who were blinded to the clinicopathological
data and patient identities. The degree of agreement between the two pathologists was
almost perfect (k = 0.94). Disagreements between the two pathologists were resolved
by consensus.

2.4. Statistical Analysis

The chi-squared test or Fisher’s exact test was used to examine the association between
KIBRA expression status and clinicopathological parameters. Univariate survival analysis
was performed to examine the prognostic significance of KIBRA expression status and
clinicopathological parameters with respect to EFS. Multivariate survival analysis was
performed for parameters that had a p-value < 0.1 in the univariate analysis using the
backward stepwise elimination method with the Cox proportional hazards model (95%
confidence interval). All statistical analyses were performed using IBM SPSS Statistics for
Windows (version 22.0; IBM Corporation, Armonk, NY, USA). Statistical significance was
set at p < 0.05.
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Figure 1. Representative immunohistochemical staining patterns of KIBRA expression in breast cancer. Shown are the 
representative cases with Kidney and brain protein (KIBRA)staining in increasing order: (A) score 0; (B) score 1; (C) score 
2; (D) score 3. The blue color is the hematoxylin counterstain. Original magnification, ×200. 
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years (range 28–87 years) and the median follow-up time was 75.5 months. The histo-
pathological subtypes of breast cancer were invasive breast carcinoma of no special type 
(IBC-NST; n = 423), invasive lobular carcinoma (ILC; n = 13), medullary carcinoma (n = 
19), mucinous carcinoma (n = 17), metaplastic carcinoma (n = 13), and pleomorphic ILC (n 
= 1). Of the 486 patients, 238 (49.0%) and 232 (47.7%) had high nuclear and histologic 

Figure 1. Representative immunohistochemical staining patterns of KIBRA expression in breast cancer. Shown are the
representative cases with Kidney and brain protein (KIBRA)staining in increasing order: (A) score 0; (B) score 1; (C) score 2;
(D) score 3. The blue color is the hematoxylin counterstain. Original magnification, ×200.

3. Results
3.1. KIBRA Expression and Clinicopathological Characteristics

A total of 486 patients were included in the analysis. Briefly, the median age was
50 years (range 28–87 years) and the median follow-up time was 75.5 months. The
histopathological subtypes of breast cancer were invasive breast carcinoma of no spe-
cial type (IBC-NST; n = 423), invasive lobular carcinoma (ILC; n = 13), medullary carcinoma
(n = 19), mucinous carcinoma (n = 17), metaplastic carcinoma (n = 13), and pleomorphic
ILC (n = 1). Of the 486 patients, 238 (49.0%) and 232 (47.7%) had high nuclear and histologic
grades, respectively. Additionally, 257 patients (50.0%) had lymph node metastasis and
317 patients (65.2%) had lymphovascular invasion.

The cases were divided into two groups according to the total immunostaining score:
low-expression and high-expression. The low-expression group included 240 patients
(49.3%). Table 1 summarizes the association between KIBRA expression status and the
clinicopathological parameters of breast cancer. Low KIBRA expression was also associated
with high nuclear grade (60.4% versus 37.8%, p < 0.001), high histologic grade (58.7% versus
37.0%, p < 0.001), and ER negativity (54.2% versus 23.6%, p < 0.001). In the molecular
subtypes, KIBRA expression was significantly different among each subgroup, except
luminal A (low KIBRA expression: luminal A, 46.7% versus 50.0%, p = 0.641; luminal
B, 32.7% versus 71.7%, p < 0.001; HER2-enriched, 64.9% versus 45.5%, p = 0.001; triple-
negative, 73.6% versus 43.8%, p < 0.001). Low expression of KIBRA was significantly
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increased in HER2-enriched breast cancer and TNBC, which corroborates its association
with ER negativity. No significant differences in age, pathological tumor stage, lymph node
metastasis, lymphatic invasion, and HER2-status were noted between the KIBRA-high and
KIBRA-low groups.

Table 1. Relationship between KIBRA expression status and the clinicopathological parameters of breast cancer patients.

Parameter Number of Cases

KIBRA Expression

p-ValueLow High
(n = 240) (n = 246)

n (%) n (%)

Age (years), mean ± standard
deviation 486 52 ± 11.16 50 ± 11.34 0.213

Nuclear grade <0.001
Low (1–2) 248 95 (39.6) 153 (62.2)
High (3) 238 145 (60.4) 93 (37.8)

Histologic grade <0.001
Low (1–2) 254 99 (41.3) 155 (63.0)
High (3) 232 141 (58.7) 91 (37.0)

Pathological tumor stage (pT) 0.069
1–2 223 100 (41.7) 123 (50.0)
3–4 263 140 (58.3) 123 (50.0)

Lymph node metastasis 1
Absent 257 127 (52.9) 130 (52.8)
Present 229 113 (47.1) 116 (47.2)

Lymphovascular invasion 0.924
Absent 317 156 (65.0) 161 (65.4)
Present 169 84 (35.0) 85 (34.6)

Estrogen receptor <0.001
Negative 188 130 (54.2) 58 (23.6)
Positive 298 110 (45.8) 188 (76.4)
HER2 0.308

Negative 192 89 (37.1) 103 (41.9)
Positive 294 151 (62.9) 143 (58.1)

Molecular subtype <0.001
Luminal A 90 42 (17.5) 48 (19.5)
Luminal B 208 68 (28.3) 140 (56.9)

HER2-enriched 97 63 (26.3) 34 (13.8)
Triple-negative 91 67 (27.9) 24 (9.8)

KIBRA, Kidney and brain protein; HER2, human epidermal growth factor receptor 2; Bold values indicate statistically significant values
(p < 0.05).

3.2. Clinicopathological Significance of KIBRA Expression in Breast Cancer According to
Molecular Subtypes

The cohort was divided into four molecular subtypes: luminal A (n = 90, 2.7%),
luminal B (n = 208, 2.7%), HER2-enriched (n = 97, 2.7%), and TNBC (n = 91, 2.7%). Next, we
re-analyzed the relationship between KIBRA expression status and the clinicopathological
parameters of breast cancer within each molecular subtype (Table 2). In the luminal A
and HER2-enriched subtypes, older patients had significantly lower KIBRA expression
than younger patients (mean ± standard deviation: luminal A, 52 ± 10.08 versus 48 ± 8.5,
p = 0.003; HER2-enriched, 54 ± 11.36 versus 48 ± 14.48, p = 0.044). In the luminal B and
HER2-enriched subtypes, low KIBRA expression was associated with high nuclear grade
(luminal B, 60.3% versus 39.7%, p = 0.003; HER2-enriched, 81.0% versus 19.0%, p = 0.03)
and high histologic grade (luminal B, 64.7% versus 35.3%, p = 0.002; HER2-enriched, 77.8%
versus 22.2%, p = 0.007). No significant differences were noted in the TNBC subtype.
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Table 2. Relationship between KIBRA expression status and the clinicopathological parameters of breast cancer patients according to the molecular subgroups.

KIBRA

Luminal A

p-Value

Luminal B

p-Value

HER2-Enriched

p-Value

Triple-Negative

p-ValueLow High Low High Low High Low High
(n = 42) (n = 48) (n = 68) (n = 140) (n = 63) (n = 34) (n = 67) (n = 24)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Age (years), mean ±
standard deviation 52 ± 10.08 48 ± 8.5 0.036 49 ± 11.64 52 ± 11.30 0.148 54 ± 11.36 48 ± 14.48 0.044 51 ± 10.87 49 ± 10.80 0.33

Nuclear grade 1 0.003 0.03 0.602
Low (1–2) 38 (90.5) 44 (91.7) 27 (39.7) 87 (62.1) 12 (19.0) 14 (41.2) 18 (26.9) 8 (33.3)
High (3) 4 (9.5) 4 (8.3) 41 (60.3) 53 (37.9) 51 (81.0) 20 (58.8) 49 (73.1) 16 (66.7)

Histologic grade 1 0.002 0.007 0.319
Low (1–2) 41 (97.6) 46 (95.8) 24 (35.3) 82 (58.6) 14 (22.2) 17 (50.0) 20 (29.9) 10 (41.7)
High (3) 1 (2.4) 2 (4.2) 44 (64.7) 58 (41.4) 49 (77.8) 17 (50.0) 47 (70.1) 14 (58.3)

Pathological tumor
stage (pT) 0.828 0.369 0.091 0.324

1–2 27 (64.3) 32 (66.7) 24 (35.3) 59 (42.1) 27 (42.9) 21 (61.8) 22 (32.8) 11 (45.8)
3–4 15 (35.7) 16 (33.3) 44 (64.7) 81 (57.9) 36 (57.1) 13 (38.2) 45 (67.2) 13 (54.2)

Lymph node
metastasis 1 0.768 0.672 1

Absent 23 (54.8) 27 (56.3) 37 (54.4) 72 (51.4) 28 (44.4) 17 (50.0) 39 (58.2) 14 (58.3)
Present 19 (45.2) 21 (43.8) 31 (45.6) 68 (48.6) 35 (55.6) 17 (50.0) 28 (41.8) 10 (41.7)

Lymphovascular
invasion 1 0.23 0.085 0.194

Absent 33 (78.6) 37 (77.1) 45 (66.2) 80 (57.1) 32 (50.8) 24 (70.6) 46 (68.7) 20 (83.3)
Present 9 (21.4) 11 (22.9) 23 (33.8) 60 (42.9) 31 (49.2) 10 (29.4) 21 (31.3) 4 (16.7)

Bold values indicate statistically significant values (p < 0.05).
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3.3. Prognostic Implication of KIBRA Expression in Breast Cancer

The median follow-up, as assessed by the Kaplan–Meier method, was 75.5 months;
69 of the 486 patients (14%) had recurrence or metastasis during follow-up. Of the
486 patients, 240 (49.4%) were classified as KIBRA-low; their median EFS was 56 months
versus 74 months for the 246 patients in the KIBRA-high group. Low expression of KI-
BRA was significantly associated with poor EFS (p = 0.041, HR = 1.658, 95% confidence
interval [CI] = 1.015–2.709), when compared to the EFS of KIBRA-high patients (Table 3).
Additionally, the EFS rate at 5 years was 58.8% in the KIBRA-low group and 51.6% in the
KIBRA-high group.

Table 3. Event-free survival analyses of patients with triple-negative breast cancer.

Factor
Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

KIBRA 0.001 0.004
High 1 1
Low 3.958 1.562–10.03 3.952 1.542–10.133

Lymph node metastasis <0.001 <0.001
Absent 1 1
Present 7.561 3.37–16.965 6.597 2.786–15.623

Lymphovascular invasion <0.001 0.198
Absent 1 1
Present 3.629 1.983–6.640 1.532 0.800–2.931

Age, years 0.557
<60 1
≥60 1.226 0.643–2.422

Pathological tumor stage (pT) 0.242
1–2 1
3–4 1.44 0.782–2.651

Nuclear grade 0.969
Low (1–2) 1
High (3) 1.006 0.729–1.389

Histologic grade 0.494
Low (1–2) 1
High (3) 1.252 0.647–2.386

HR, hazard ratio; CI, confidence interval. Bold values indicate statistically significant values (p < 0.05).

The correlation between EFS and molecular subtypes was similar to that observed in
previous reports [7]; luminal A tumors showed the best prognoses, followed by the luminal
B, HER2-enriched, and TNBC subtypes, which showed the worst prognoses (p < 0.001).
Notably, the expression status of KIBRA differed significantly according to the molecular
subtype (Figure 2). Compared to the luminal type (Figure 2A,B), low KIBRA expression was
associated with significantly worse EFS in the HER2-enriched and triple-negative breast
cancer subtypes (Figure 2C,D). Together, they were divided into two groups according
to ER status; low KIBRA expression had a significantly worse EFS in ER-negative breast
cancer (Figure 2E,F).

3.4. KIBRA Expression Is an Independent Prognostic Factor for TNBC

Significant benefits concerning EFS were observed in patients with ER-negative breast
cancer in the KIBRA-high group. Cox regression analysis was performed for other clin-
icopathological factors to determine whether KIBRA expression was an independent
prognostic factor (Table 3). Univariate analysis showed that KIBRA expression, lymph
node metastasis, and lymphovascular invasion were adverse prognostic factors for EFS.
Factors found to be significant in the univariate analysis were included in the multivariate
analysis. After adjusting for these variables, KIBRA expression and lymph node metastasis
were found to be independent prognostic factors for EFS (KIBRA, p = 0.004, HR = 3.952,
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95% CI = 1.542–10.133; lymph node metastasis, p < 0.001, HR = 6.597, 95% CI, 2.786–15.623)
(Table 3).

Medicina 2021, 57, x FOR PEER REVIEW 8 of 12 
 

 

 
Figure 2. Kaplan–Meier curves generated in accordance with the KIBRA expression in patients with breast cancer (A,B). 
Patients in luminal A and B subtypes have no significant difference in terms of survival between low- and high-KIBRA 
expression (p = 0.18 and p = 0.052, respectively). (C,D) Patients with low KIBRA expression showed significantly poorer 
event-free survival than patients with high KIBRA expression in HER2-enriched and triple-negative subtypes (p = 0.02 
and p = 0.032, respectively). (E,F) After dichotomization for ER status, patients with low KIBRA expression show signifi-
cantly poorer event-free survival than patients with high KIBRA expression only in the ER-negative group (p = 0.0016). 

Figure 2. Kaplan–Meier curves generated in accordance with the KIBRA expression in patients with breast cancer (A,B).
Patients in luminal A and B subtypes have no significant difference in terms of survival between low- and high-KIBRA
expression (p = 0.18 and p = 0.052, respectively). (C,D) Patients with low KIBRA expression showed significantly poorer
event-free survival than patients with high KIBRA expression in HER2-enriched and triple-negative subtypes (p = 0.02 and
p = 0.032, respectively). (E,F) After dichotomization for ER status, patients with low KIBRA expression show significantly
poorer event-free survival than patients with high KIBRA expression only in the ER-negative group (p = 0.0016).
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4. Discussion

In this study, we aimed to investigate whether the expression status of KIBRA has
prognostic implications and clinicopathological significance in breast cancer. In our study,
low expression of KIBRA was frequently detected in ER-negative patients, corroborating
previous studies showing that KIBRA plays a role in ER transactivation in breast cancer
cells (Table 1) [19]. KIBRA directly binds to dynein light chain 1 (DLC1), an ER-interacting
protein, and acts as a downstream mediator of the regulation of ER transactivation by
DLC1 [23]. Since KIBRA maintains the functionality of the ER, a relationship must exist
between the expression level of KIBRA and ER status.

We show here that low-KIBRA expression is an independent poor prognostic factor
in TNBC, regardless of adjuvant treatment. Previously, Wang et al. demonstrated that
KIBRA was significantly associated with advanced-stage diseases, high-grade tumors,
and ER- or PR-negative status [19]. Mudduwa et al. demonstrated that KIBRA has an
independent effect on the recurrence-free survival of luminal breast cancer patients who
received limited adjuvant endocrine therapy and chemotherapy [18]. Although the results
of the present and previous studies showed different prognoses according to the molecular
subtype of breast cancer, this may be attributed to different interpretations of the KIBRA
expression site and of the proportion of stained cancer cells. The results of the present
study are consistent with the notion that low-KIBRA expression plays an important role
in the prognosis of patients with breast cancer. Based on our results, we suggest that in
the case of TNBC, caution is needed while interpreting KIBRA expression considering the
location and proportion of tumors.

Of note, in our study, low KIBRA expression was also significantly associated with
high-grade morphologic features, which is consistent with the characteristics of patients
with ER-negative breast cancer, especially TNBC. Much of the premise for KIBRA as a
tumor suppressor comes from its role in activating the Hippo signaling pathway, for which
loss of function and the concomitant activation of YAP/TAZ are well-documented in
TNBCs [24]. The role of KIBRA in suppressing mechanical signals activating TAZ may be
related to the suppression of self-renewal, given that an undifferentiated stem-like state is
maintained through contact with the extracellular matrix [25,26]. Indeed, cells maintaining
extracellular matrix contact in the basal layer of breast epithelium have nuclear TAZ,
which becomes cytoplasmic as cells differentiate and lose basement membrane contact [27].
KIBRA loss may constitutively activate mechanotransduction pathways that positively
regulate TAZ, leading to persistent TAZ nuclear localization and the maintenance of the
poorly differentiated phenotype associated with basal-like tumors [27]. In short, there
seems to be a significant correlation between the expression of KIBRA and ER status, which
leads to a morphological correlation likely affecting the poor prognosis of KIBRA.

We found a prognostic effect of KIBRA in patients with breast cancer, especially in
patients with ER-negative cancer containing the HER2-enriched and TBNC subtypes. These
results can be verified by the fact that KIBRA plays an important role in the Hippo signal-
ing pathway, which functions differently depending on the molecular subtype of breast
cancer [28–31]. The Hippo signaling pathway is a pathway that has recently been said to
have several oncogenic functions in breast cancer [28]. Hippo molecular elements—KIBRA,
YAP/TAZ, Aurora kinase, and LATS—have been shown to participate in breast cancer de-
velopment through different mechanisms, resulting in different roles among its molecular
subtypes [24]. In particular, among molecular subtypes, chromosome 5q loss is detected
in 70% of TNBC, which involves the Hippo molecular element, KIBRA, a major factor
contributing to its effects on tumor growth and metastatic progression. Mechanistically,
KIBRA suppresses RhoA activation, impairing the nuclear translocation of the oncogenes,
and YAP/TAZ, which drives metastatic and cancer stem-cell-like behavior [24]. Through
this series of processes, it has been suggested that the loss of multiple DNA damage re-
sponse and cell cycle genes upon 5q deletion may promote genomic instability and tumor
progression [7,32]. To address this issue, we found a significant association between KI-
BRA expression status and EFS rate in TNBC, which means that patients with low KIBRA
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expression in TNBC are more likely to metastasize or recur, demonstrating the contributing
metastatic nature of KIBRA.

In general, KIBRA is expressed in normal breast tissue at all stages of glandular
development. Strong nuclear expression of KIBRA is maintained in lactating mammary
acini, with an ability to increase the proliferation of mammary acinar cells [33]. In breast
cancer, KIBRA has been recently reported to be expressed in both the nucleus and cytoplasm
of breast cancer cells, and its prognostic value depends on its nuclear expression [18]. In
line with our study, loss of KIBRA expression at the nuclear level was a significantly poor
prognostic factor. As a tumor suppressor gene, nuclear localization of KIBRA has functional
significance in deregulating cell division and the cell cycle, suggesting that low KIBRA
expression with nuclear localization affects the aggressiveness of breast cancer [24,34,35].
In fact, KIBRA cooperatively functions with the protein tyrosine phosphatase, PTPN14,
to trigger mechanotransduction-regulated signals that inhibit the nuclear localization of
oncogenic transcriptional co-activators, YAP/TAZ [24].

The current study has several limitations, including its retrospective single-center
design, semiquantitative assessment of KIBRA expression, exclusion of patients who
received neoadjuvant chemotherapy, and the inability to evaluate the relationship between
KIBRA expression and overall patient survival. Furthermore, the mechanisms underlying
KIBRA in HER2-enriched-subtype carcinogenesis have not been examined. Future studies
on breast cancer should include external validation, and additional experimental studies
are also needed.

5. Conclusions

In conclusion, our results indicate that low expression of KIBRA in TNBC is inde-
pendently and strongly related to poor prognosis. These results suggest that the KIBRA
marker can be used as a prognostic marker in patients at risk of an aggressive disease
process in TNBC.
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