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Abstract. Klotho, a cellular anti‑senescence protein, is related 
to antitumor actions, growth regulation, proliferation and inva‑
siveness in several types of tumor, including breast cancer. The 
present study aimed to analyze the serum levels of αKlotho 
in patients with breast cancer according to histopathological 
and immunohistochemical variables. A total of 74 patients 
and 60  healthy controls were recruited. Peripheral blood 
samples were collected and serum levels were assessed by 
sandwich ELISA. Clinical and diagnostic data were obtained 
from medical records and databases of the Clinical Hospital 
of the Federal University of Uberlândia (Uberlândia, Brazil). 
The results indicated no difference in the levels of αKlotho 
between patients and controls (P=0.068); however, the number 
of patients with breast cancer with undetectable αKlotho was 
high (n=52). Thus, the variables that were associated with 
the lowest survival rates were analyzed, relating them to 
undetectable αKlotho. Among cases of metastatic tumors or 
tumors with poor differentiation, positive lymph node status 
and triple‑negative status, patients with undetectable αKlotho 
predominated and had unfavorable overall survival. Due to 
the significant results obtained in triple‑negative patients, an 
in vitro analysis was performed to determine whether estrogen 
receptors (ERs) have a role in αKlotho production. Treatment 
of MCF‑7 cells with ER agonists, estradiol (E2) and diarylpro‑
pionitrile (DPN), resulted in increases in αKlotho expression 
and supernatant levels of both agonists, demonstrating a direct 
association between the ER and Klotho production; of note, 
the ERβ‑specific agonist DPN tripled αKlotho expression 

when compared to E2 (P=0.078). These data suggested that 
undetectable αKlotho in the serum of patients with breast 
cancer is related to unfavorable histopathological variables 
and poor prognosis and ERs possibly have an important role in 
maintaining adequate quantities of αKlotho.

Introduction

Klotho is a single‑pass, type 1 membrane protein named after 
Clotho, one of the Three Fates who spins the thread of life 
from ancient mythology, and is involved in the regulation of 
aging and longevity (1). Kuro‑o et al (2) discovered that mice 
with a Klotho mutation presented with several complications 
related to premature aging, revealing cellular anti‑senescence 
actions (3). Klotho is present in several tissue types, such as that 
of the kidneys, parathyroid glands, choroid plexus and arteries, 
where it forms an essential constitutive receptor complex with 
fibroblast growth factor (FGF) receptors, generating affinity 
between these receptors and their ligands (2,4,5). Among all 
functions described for Klotho, its renal functions are the most 
prominent, where it acts upon ion homeostasis, such as that 
of phosphate ions, and is a co‑receptor of FGF‑23 (6,7). The 
following three isoforms have been detected: αKlotho, βKlotho 
and γKotho, with αKlotho being the most abundant and 
responsible for most of the anti‑aging actions described (8‑10).

Besides being a constituent of the plasma membrane, 
Klotho may be cleaved by the membrane‑anchored metal‑
lopeptidases ADAM10 and ADAM17 to generate a secreted 
form of the Klotho protein that is released so that it may act as 
an autocrine, paracrine or endocrine hormone in blood, urine 
and cerebrospinal fluid (11‑14). Secreted Klotho may also be 
generated by alternative splicing and by cleavage of the cyto‑
plasmic portion of Klotho, and the actions of both of these 
remain to be elucidated (15,16). After secretion, Klotho acts 
in a pleiotropic manner, interacting with several growth factor 
receptors and ion channels and regulating oxidative stress, 
thus protecting several organs of acute and chronic diseases 
related to senescence, such as cancer (4,7,13,17).

Klotho is classified as a tumor suppressor protein due to 
its involvement in cell growth, proliferation, differentiation 
and migration, with an impact on survival, and is also related 
to response to chemotherapy (18‑22). Klotho is epigenetically 
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silenced in cancer and its importance in cancer‑cell growth 
was demonstrated by in vitro experiments that used soluble 
Klotho or tumor lineage cells that overexpressed Klotho. 
All results demonstrated that Klotho expression decreases 
cancer‑cell division  (23,24). Klotho has been indicated 
to act through several signaling pathways, such as FGF, 
Wnt, p53/p21, TGF‑β and insulin‑like growth factor 1 
(IGF‑1)/insulin pathways (25‑28), and is a determining factor 
in numerous types of tumor, including lung, kidney, colon, 
prostate, ovarian, cervical and breast cancer (24,29‑34). As an 
example, Klotho interferes with the IGF‑1/insulin signaling 
pathway, most frequently through its most abundant soluble 
isoform, αKlotho.

The lack of soluble αKlotho has also been linked to cancer 
metastasis. The binding of Klotho to the calcium‑permeable 
transient receptor potential canonical 1 channel along with 
vascular endothelial growth factor 2 strengthens the association 
between both, helping promote entrance into the cell. Through 
this interaction, Klotho regulates calcium entrance and activity 
in endothelial cells. In knockout mice for Klotho, endothelial 
integrity was diminished and the endothelium became 
permeable  (35). This increased permeability, together with 
pro‑inflammatory molecules that increase the expression of 
adhesion molecules, facilitates tumor‑cell migration through 
epithelial‑mesenchymal transition (36,37). The re‑establishment 
of Klotho expression in culture cells decreases tumor‑cell 
proliferation and induces apoptosis and autophagy  (38,39). 
Due to this, Klotho may be considered an important factor 
for regulating cellular proliferation and metastasis and it has 
already been linked to positive prognoses (38‑41).

Breast cancer is the second most common cancer type 
in females and is the second greatest cause of mortality in 
this population  (42‑44). Diagnosis, staging and definition 
of therapy in breast cancer are based on important histo‑
pathological parameters, such as tumor size, tumor grade, 
lymph‑node involvement and molecular characteristics, such 
as the presence of hormonal and growth factor receptors, 
which determines therapeutic success and may be utilized 
for relapse prevention  (45,46). The TNM classification of 
malignant tumors is frequently used in the clinic to classify 
patients and guide treatment protocols (47).

Pathophysiological evidence indicated that tumors use 
excess levels of serum phosphate for stimulating tumorigen‑
esis; thus, the expression of Klotho may be closely associated 
with tumorigenesis in certain tissues and organs. However, 
Klotho may also suppress cell proliferation and metastasis by 
inhibiting the signaling of growth factors such as IGF‑1 and 
TGF‑β (48).

αKlotho contains two internal repeats, KL1 and KL2, 
which, due to the absence of two conserved glutamic acid 
residues, differentiate this protein from other family I glyco‑
sidases. In breast cancer, αKlotho domains have differential 
activity. In in vitro and in vivo models, KL1 was able to inhibit 
colony formation by MCF‑7 and MDA‑MB‑231 cells and 
slow tumor formation in nude mice. In addition, only KL1 
interacted with IGF‑1 receptor and it inhibited the IGF‑1 
pathway in these models (49). In triple‑negative breast cancer, 
γKlotho is necessary for cell survival and its depletion leads 
to constitutive extracellular signal‑regulated kinase activation, 
cell cycle arrest, oxidative stress and apoptosis (50).

Due to the scarcity of information regarding the relation‑
ship between αKlotho and histopathological variables in 
breast cancer, the present study was performed to evaluate 
the clinical significance of serum αKlotho in patients 
with breast cancer according to histopathological and 
immunohistochemical variables.

Materials and methods

Patients and samples. Blood samples from the patients included 
in the present study were obtained in partnership with the 
Center for Cancer Prevention and Research (NUPPEC) in 
the oncology sector of the Clinical Hospital at the Federal 
University of Uberlândia (HC‑UFU; Uberlândia, Brazil). After 
selection from September 2015 to August 2017, 134 individuals 
were included in the present study, of whom 74 patients were 
diagnosed with breast cancer at a referral hospital for cancer 
treatment (HC‑UFU) and had not received any previous treat‑
ment (surgical, radiotherapy or chemotherapy). The control 
group was composed of healthy family members with matching 
ages who agreed to participate in the study (n=60) and who had 
no previous history of cancer. All participants were female. The 
sample size was estimated by G*Power 3.1.9.7 (https://www.
psychologie.hhu.de/arbeitsgruppen/allgemeine‑psychologie‑und‑
arbeitspsychologie/gpower) open‑source software. The effect 
of size, α error and Power was defined as 0.5, 0.05 and 0.80, 
respectively.

Peripheral blood samples from the patients and controls 
were collected by professionals in the research support 
group (NUPPEC) during the first interview. After blood 
centrifugation, serum was separated according to a standard 
protocol and stored at ‑80˚C in the NUPPEC sample bank.

In addition, demographic and clinical data from patients 
and controls were collected from the NUPPEC database and 
medical records. Histopathological and immunohistochemical 
variables including tumor size, histological classification, lymph 
node status, estrogen receptor (ER) status, progesterone receptor 
(PgR) status, human epidermal growth factor receptor 2 (HER2) 
status and Ki67 expression, were obtained from biopsy data 
registered in the Hospital Information System of HC‑UFU.

In an additional analysis, clinical data were utilized to 
stratify the patients. Using the TNM classification, patients 
were separated by tumor stage (I‑IV). Subsequently, patients 
were classified according to a molecular subtype of their tumor. 
This classification was based on the St. Gallen International 
Consensus of Experts in Breast Cancer (51).

Ethics, consent and permissions. A Term of Consent for 
use of medical notes and serum samples was signed by 
each of the participants. Once accepted, participants were 
informed that their information would be used in secondary 
studies that were ethically approved by the Plataforma 
Brasil Research Ethics Committee under technical advice 
number 38930314.5.0000.5565. The project was submitted 
and approved via the Triângulo University Center‑UNITRI 
(Uberlândia, Brazil). All information collected was kept 
confidential by the researchers.

Cell culture. The MCF‑7 cell line was purchased from the Cell 
Bank of Rio de Janeiro. Cells were cultured in RPMI‑1640 
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medium (Sigma Aldrich; Merck KGaA) containing HEPES, 
sodium bicarbonate, penicillin/streptomycin and 10% fetal 
bovine serum (FBS). The analyses utilized phenol red‑free 
RPMI‑1640 medium and 5% hormone‑free FBS  (52) 
(withdrawal made with dextran and activated charcoal). Cells 
were grown in a humid environment at 37˚C with 5% CO2. All 
assays were performed before cells reached 80% confluence.

ELISA. Serum‑soluble αKlotho and soluble αKlotho in MCF‑7 
supernatant were measured by ELISA (kit no. DY5334‑05; 
R&D Systems Europe, Ltd.) according to the manufacturer's 
protocol. Assays were performed in 96‑well plates. The patient 
serum was plated in duplicate and the cell supernatant was 
plated in triplicate. The plate was read at 450 nm in a GloMax® 
Discover System (Promega Corporation) and the absorbance 
was obtained as the optical density.

Reagents and treatments. The non‑specific ER agonist 
estradiol (E2) and the ERβ‑specific agonist diarylpropionitrile 
(DPN) were purchased from Sigma‑Aldrich (Merck KGaA). 
Cells were subjected to 24  h of hormonal depletion with 
phenol red‑free RPMI‑1640 medium and hormone‑free 5% 
FBS. After 24 h, each group was treated with the respective 
agonist at a concentration of 10 nM. DMSO was used as a 
vehicle for the drugs (DMSO v/v, 1:1,000). Cells were treated 
for 48 h for reverse transcription‑quantitative PCR (RT‑qPCR) 
assays and for 72 h for the proliferation assay.

Total RNA isolation and RT. Total RNA was first extracted 
using the Total SV RNA Isolation System kit (cat. no. Z3100) 
in a Maxwell® RSC Instrument (Promega Corporation), and 
complementary DNA (cDNA) was obtained from total RNA 
using the GoScript™ System Reverse Transcription kit (cat. 
no. A5001; Promega Corporation) in a total reaction mixture 
volume of 20 µl, which was performed in a SimpliAmp™ 
Thermal Cycler (Thermo Fisher Scientific, Inc.). For this, 
5 µg of total RNA was used to obtain cDNA. It was initially 
thermally denatured at 70˚C for 5 min and chilled on ice. 
After centrifugation, RT reaction mix was added and 
the mix was annealed at 25˚C for 5 min. The reaction was 
then incubated at 42˚C for up to 1 h. RNA and cDNA were 
quantified with GoScript™ RNA System and ssDNA System 
kits (cat. nos. E3310 and E3190; Promega Corporation) using 
a Quantus™ Fluorometer (Promega Corporation). All assays 
were performed according to the manufacturer's protocol.

qPCR. The gene expression of proposed targets in the MCF‑7 
lineage was evaluated by qPCR. Cells were cultured in 48‑well 
plates, total RNA was isolated, RT was performed and the 
qPCR reaction was performed with the GoTaq® qPCR Master 
Mix kit (Promega Corporation) according to the manufacturer's 
protocol. qPCR conditions were 95˚C for 2 min, followed by 
40 cycles of 95˚C for 15 sec and 60˚C for 60 sec. The primers 
used for specific amplification of Klotho were the following: 
Forward, 5'‑GCT​CTC​AAA​GCC​CAC​ATA​CTG‑3' and 
reverse, 5'‑GCA​GCA​TAA​CGA​TAG​AGG​CC‑3'. Furthermore, 
β‑2 microglobulin was used as the endogenous gene with the 
following primers: Forward, 5'‑TAT​CCA​GCG​TAC​TCC​AAA​
GA‑3' and reverse, 5'‑GGA​TGA​AAC​CCA​GAC​ACA​TAG‑3'. 
Sequences were designed with the Primer Quest™ tool IDT's 

and analyzed with BLAST 2.2.29 (53). An efficiency curve 
was obtained for all primers. A total of 100 ng cDNA was used 
for a total of 40 cycles per reaction. The reaction parameters 
were selected according to the manufacturer's protocol. The 
RNA expression was determined using the 2‑ΔΔCq method (54).

Carboxyfluorescein diacetate succinimidyl ester (CFSE) 
proliferation assay. After cell treatment, cells were 
trypsinized, washed with PBS and resuspended in RPMI‑1640 
phenol red‑free medium at a concentration of 5x105 cells/ml. 
Subsequently, CFSE (Invitrogen; Thermo Fisher Scientific, 
Inc.) was added to obtain a final concentration of 5 µM and cells 
were incubated for 15 min at 37˚C in constant homogenization. 
Next, cells were washed again with PBS and CFSE decay was 
evaluated. Analyses were performed by flow cytometry on a 
CytoFlex (Beckman Coulter).

Statistical analysis. Statistical analysis was performed with 
the software packages SPSS (version 25 for Windows; IBM 
Corporation) and GraphPad Prism 8.0© (GraphPad Software 
Inc.). Descriptive statistics were used for evaluation of the 
demographic, clinical and pathological characteristics of 
patients and data were expressed as n (%). Fisher's exact test was 
employed to compare the proportion of categorical variables in 
tables formatted as 2x2. For other table formats, the χ2 test was 
used. In addition, the χ2 goodness of fit test was used to verify 
whether the proportion of all groups defined by all categorical 
variables was different from a hypothetical scenario in which 
all proportions were the same. The Shapiro‑Wilk normality 
test was utilized to determine whether the Klotho serum 
concentration fit a Gaussian curve. For normal distributions, 
Levene's test was employed to assess the equality of variance 
for variables distributed into two or more groups. If the equality 
of variance was not equal, a Welch‑corrected t‑test was used. 
Tukey's test was used as a post‑test if equality of variance 
was assumed and Tamhane's T2 test was employed if equality 
of variance was not assumed. For non‑parametric data, the 
Mann‑Whiney U‑test and the Kruskal‑Wallis test were used to 
compare the ranks between two groups. Regardless of the test 
used, all continuous variables were presented as the mean and 
standard deviation. The log‑rank statistical test was utilized 
to compare the survival distributions of two or more groups. 
To evaluate predictors of poor prognosis in breast cancer, all 
survival curves with a log‑rank P‑value <0.05 were included 
in a multivariate Cox proportional hazard regression model. 
Subsequently, the stepwise backward method was employed to 
construct a final model for variables with P<0.10.

Results

General characteristics of the participants. A total of 134 
subjects females were interviewed for the present study; 74 
(55.2%) patients had breast cancer and 60 (44.8%) individuals 
constituted the control group. The proportion of females in 
these two groups studied was statistically the same (P=0.23). 
The mean age did not significantly differ between patients 
and the control group (53±11.3 and 52.7±9.6 years; P=0.77). 
Most of the participants were aged 50+ years (55.2%); more 
precisely, 50% of patients and 61.7% of controls. The binomial 
test demonstrated that there was no significant difference 
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between the number of patients and relatives aged below or 
above 50 years (P=0.22). The number of participants that 
were experiencing menopause (64.2%) was significantly 
different when compared to the premenopausal considering 
both groups (35.8%, P<0.001). However, the menopausal status 
was not different when comparing patients with breast cancer 
(P=0.163). Of the patients with breast cancer, eight patients 
(10.8%) were undergoing hormone replacement therapy (HRT) 
and 66 (89.2%) were not (P<0.001). The data for HRT were not 
collected from the controls. The distribution of the patients 
according to body mass index was significantly different 
(P<0.001), with the majority in the overweight (35.1%) 
and normal range (31.3%), a similar percentage of obese 
individuals (26.9%) as those in the overweight and normal 
range and the smallest percentage of underweight (6.7%) 
individuals, considering both patients with breast cancer and 
controls. In the patient group, most subjects were overweight 
(40.6%) and the smallest percentage of subjects was under‑
weight (8.1%, P=0.001). Unhealthy habits such as alcoholism 
and smoking were also analyzed in the studied population. 
A significant difference in the presence of these habits was 
observed when analyzing all participants (P<0.001), patients 
(P<0.001) and controls (P<0.001). The majority of participants 
had never consumed alcohol (57.1%) and had never smoked 
(65.4%). This was similarly observed in the patient group: 
Most declared that they had never used alcohol (58%), nor had 
they ever smoked (61.6%). The participants were questioned 
if they had been exposed to second‑hand smoke, where the 
majority affirmed exposure (69.4%), with the control group 
having nearly the same proportion (66.2%). To evaluate 
healthy habits, participants were asked if they performed 
regular physical activity, with the majority replying that they 
did not (76.1%, P<0.001). The majority of the patient group 
did not partake in any regular physical activity, either (87.8%, 
P<0.001; Table I). Thus, general characteristics such as body 
mass index, alcoholism, smoking and regular physical activity 
were not significantly different between patients and controls.

Histological features. In Table II, the distribution of the cases 
regarding histology, tumor grade, metastatic stage and TNM 
classification was significantly different between the αKlotho 
Undetectable and Detectable groups (P<0.001, <0.001, <0.001, 
=0.002 and=0.002, respectively). Ductal carcinoma was the 
most prevalent type (91.6%), followed by lobular cases (8.3%). 
Invasive ductal carcinoma was the most common type of 
breast cancer (89%), followed by invasive lobular carcinoma 
(6.7%) and ductal carcinoma in situ (4%) (P<0.001). Most of the 
tumors had a moderate degree of differentiation (65%), with 
initial tumors (50%) mostly at stage II (37.8%). The propor‑
tions of molecular subtypes differed significantly (P=0.005), 
with the luminal being the most common (48.6%), followed 
by triple‑negative (33.8%) and HER2‑positive (17.6%). The 
tumor dimensions ranged from 2 to 5 cm for 37.8% of the 
analyzed cases, followed by those that were >5 cm (24.3%) 
and <2 cm (14.9%), while invasive tumors accounted for 23% 
of the studied cases; thus, tumor size was a histological feature 
with a significant difference between groups (P=0.005). 
Lymph node metastasis was present in about half (52.7%) 
of the studied participants. Staining for molecular markers 
demonstrated that the number of patients positive for the 

ER did not differ from the number of patients who were 
ER‑negative (P=0.81). However, patients with progesterone 
and HER2 receptor differed statistically (P=0.03 and <0.001, 
respectively). The proportion of patients with ER positivity 
was higher compared to estrogen and HER2 receptors (51.4, 
37.8 and 29.7%, respectively). Ki67 was classified according 
to a 14% cutoff value, which has been applied in most clinical 
practices (55,56). The majority of patients had Ki67 levels of 
>14% (81.1%), with invasive ductal carcinoma being the tumor 
type with the higher proliferative index (83.3%).

Klotho‑related parameter analysis. Based on the results of the 
ELISA, participants were divided into detected and undetected 
αKlotho groups. A total of 52 patients were undetectable for 
αKlotho, while only 22 presented varying detectable quantities. 
In the control group, only 28 individuals had detectable Klotho 
values. The histopathological categorical variables were 
presented in relation to the detection of αKlotho (Table III). 
All analyses demonstrated that the histopathological variables 
were independent of the detection of αKlotho.

The influence of histopathological features on αKlotho 
production was then investigated. The data are displayed 
in Table IV. For this purpose, only patients with detectable 
αKlotho were considered. Patients that reported comorbidities 
produced higher levels of αKlotho compared with patients 
that did not (249.4±167.9 and 71.8±43.7 pg/ml; P=0.001). The 
analysis of the Ki67 status, based on a cutoff value of 14%, 
also demonstrated a possible influence on the concentration 
of soluble αKlotho (P=0.04), with the samples presenting 
Ki67 >14% being associated with increased levels of αKlotho 
(205.7±163.3 pg/ml), while those with Ki67 <14% were related 
to decreased levels of αKlotho (52.7±3.1 pg/ml). For all other 
categorical variables, the production of αKlotho was not 
significantly different.

Survival plots. To elucidate whether the production of αKlotho 
may serve as a predictor of survival of patients with breast 
cancer, the overall survival was compared among histopatho‑
logical variables (Fig. 1), followed by a proportion test analysis 
with Klotho detection among those variables (Table V). Data 
were collected from the NUPPEC's database for a 60‑month 
period and analyzed through a Cox regression summary 
(with 95% confidence interval) and accompanying survival 
plots were generated.

The detection of Klotho in the serum did not grant any 
significant advantage to patient survival (P=0.18; Fig. 1A), but 
patients with undetectable levels had a slightly lower survival 
rate (63.7%) when compared to patients with detectable levels 
(79.7%) (Fig. 1A).

In addition, the detection of αKlotho was not considered a 
good prognostic factor by univariate Cox regression [hazard 
ratio=1.9 (95% CI: 0.6, 5.8), P=0.223]. At the end of the 
observation period, only 37% of patients with poorly differ‑
entiated tumors survived, compared with 79.8% of patients 
with moderately differentiated tumors and 100% of those with 
well‑differentiated tumors (P=0.001; Fig. 1B). Considering 
only patients with poorly differentiated tumors, 86.4% did not 
present with any detectable αKlotho. This number of patients 
was significantly higher than that of patients with detectable 
αKlotho (13.6%) (P<0.001; Table V).
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Lymph node status was also demonstrated to signifi‑
cantly affect patient survival (P=0.03), with positive lymph 
node status resulting in a patient survival rate of 57.3% 
when compared to negative lymph node status, where 
the survival rate was 79.8% (Fig.  1C). Of note, among 
the patients with positive lymph node status, 79.4% had 
undetectable αKlotho, vs. 20.6% with detectable levels 
(P<0.001; Table V).

The tumor's molecular subtype also influenced patient 
survival (P=0.0045; Fig.  1D), while survival curves for 
patients with luminal and HER2+ tumors were similar after 
a 60‑month period (78 and 77%, respectively). Patients with a 
triple‑negative subtype, considered to be the most aggressive 
and difficult to treat type, had the lowest survival rate, with only 
~50% of the patients surviving after 60 months. It is important 
to note that most of the triple‑negative patients did not present 
with any detectable αKlotho (80%), which is significantly 

higher than the percentage of patients with detectable αKlotho 
(20%, P=0.003; Table V).

Tumor metastasis staging also influenced patient survival, 
with metastatic tumors causing lower survival than initial 
tumors (P=0.0011; Fig.  1E). As with the other variables 
assessed, most of the patients with metastatic tumors did not 
have any detectable αKlotho (78.4%), which differed signifi‑
cantly from patients without metastasis (21.6%, P<0.001). In 
the present study, the number of patients with and without 
metastasis was the same (50%). When analyzing patients 
with metastatic tumors, it was indicated that most patients 
had undetectable αKlotho (78.4%) and this proportion was 
significantly higher than that of patients with detectable 
αKlotho (21.6%, P<0.001; Table V).

To estimate the influence on patient survival and to define 
the hazard of death, a multivariate Cox regression model with 
explanatory variables, represented in Fig. 1, was applied. The 

Table I. Patient characteristics, habits and HRT (n=134).

Item	 Patients (n=74)	 P‑value	 Controls (n=60)	 P‑value	 Total	 P‑value

Age, years		  1		  0.071		  0.227
  ≤50	 37 (50.0)		  23 (38.3)		  60 (44.8)	
  >50	 37 (50.0)		  37 (61.7)		  74 (55.2)	
Menopausal status		  0.163		  <0.001		  <0.001
  Pre‑menopausal	 31 (41.9)		  17 (28.3)		  48 (35.8)	
  Post‑menopausal	 43 (58.1)		  43 (71.7)		  86 (64.2)	
HRT		  <0.001				  
  No	 66 (89.2)		   	  	  	  
  Yes	 8 (10.8)					   
Body weight status according to		  0.001		  0.002		  <0.001
body mass index						    
  Underweight	 6 (8.1)		  3 (5.0)		  9 (6.7)	
  Normal range	 18 (24.3)		  24 (40.0)		  42 (31.3)	
  Overweight	 30 (40.6)		  17 (28.3)		  47 (35.1)	
  Obese	 20 (27.0)		  16 (27.7)		  36 (26.9)	
Alcohol usea	 	 <0.001		  <0.001		  <0.001
  Sporadic use	 17 (23.0)		  19 (32.2)		  36 (27.1)	
  Past use	 9 (12.2)		  6 (10.2)		  15 (11.3)	
  Alcoholic	 5 (6.8)		  1 (1.7)		  6 (4.5)	
  Never used	 43 (58.0)		  33 (55.9)		  76 (57.1)	
Smokinga	 	 <0.001		  <0.001		  <0.001
  Never smoked	 45 (61.6)		  42 (70.0)		  87 (65.4)	
  Smoker	 10 (13.7)		  5 (8.3)		  15 (11.3)	
  Former smoker	 18 (24.7)		  13 (21.7)		  31 (23.3)	
Exposure to second‑hand smoke		  0.005		  <0.001		  <0.001
  No	 25 (33.8)		  16 (26.7)		  41 (30.6)	
  Yes	 49 (66.2)		  44 (73.3)		  93 (69.4)	
Physical activity		  <0.001		  0.071		  <0.001
  No	 65 (87.8)		  37 (61.7)		  102 (76.1)	
  Yes	 9 (12.2)		  23 (38.3)		  32 (23.9)	

aTotal patients with data on alcohol use and smoking, n=133. Values are expressed as n (%). The χ2 goodness of fit test was used for patients 
and controls separately and for both. Data for HRT in controls were not collected. HRT, hormone replacement therapy.
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analysis indicated that the variables of molecular subtype and 
the presence of metastasis were important prognostic factors 
for the patients analyzed (Table VI).

Activation of ER enhances the expression of the Klotho gene 
and soluble αKlotho. Due to triple‑negative tumors displaying 

undetectable quantities of Klotho, an assay to evaluate the 
ER's influence on soluble Klotho and gene expression was 
performed. The MCF‑7 cell line was treated with the ER agonist 
E2, or with DPN, the ERβ‑specific agonist. DPN increased 
the levels of soluble αKlotho in the MCF‑7 supernatant. E2 
and DPN induced mRNA expression of αKlotho, and of note, 

Table II. Distribution of histological features of patients with breast cancer (n=74).

Histopathological variable	 Undetectable	 P‑value	 Detectable	 P‑value	 Total	 P‑value

Histology		  <0.001		  <0.001		  <0.001
  Ductal carcinoma in situ	 2 (3.85)		  1 (4.6)		  3 (4.1)	
  Invasive ductal carcinoma	 48 (92.31)		  18 (81.8)		  66 (89.1)	
  Invasive lobular carcinoma	 2 (3.85)		  3 (13.6)		  5 (6.8)	
Tumor grade		  <0.001		  <0.001		  <0.001
  Well‑differentiated	 3 (5.8)		  1 (4.6)		  4 (5.4)	
  Moderately differentiated	 30 (57.7)		  18 (81.8)		  48 (64.9)	
  Poorly differentiated	 19 (35.5)		  3 (13.6)		  22 (29.7)	
Metastasis stage		  0.405		  0.201		  1.000
  Initial	 23 (44.2)		  14 (63.7)		  37 (50.0)	
  Metastatic	 29 (55.8)		  8 (36.4)		  37 (50.0)	
TNM classification		  NC		  NC		  NC
  I	 6 (11.5)		  3 (13.6)		  9 (12.2)	
  II	 17 (32.7)		  11 (50.0)		  28 (37.8)	
  III	 22 (42.3)		  3 (13.6)		  25 (33.8)	
  IV	 7 (13.5)		  5 (22.7)		  12 (16.2)	
Tumor size, cm		  0.189		  NC		  NC
  <2	 7 (13.5)		  4 (18.2)		  11 (14.9)	
  2‑5	 18 (34.6)		  10 (45.5)		  28 (37.8)	
  >5	 13 (25.0)		  5 (22.7)		  18 (24.3)	
  Invasive	 14 (26.9)		  3 (13.6)		  17 (23.0)	
Lymph node status		  0.166		  0.201		  0.642
  Negative	 21 (40.4)		  14 (63.6)		  35 (47.3)	
  Positive	 31 (59.6)		  8 (36.4)		  39 (52.7)	
Molecular subtype		  0.092		  0.009		  0.005
  Triple‑negative	 20 (38.5)		  5 (22.7)		  25 (33.8)	
  Luminal	 22 (42.3)		  14 (63.6)		  36 (48.6)	
  HER2+	 10 (19.2)		  3 (13.6)		  13 (17.6)	
Progesterone receptor		  0.096		  0.201		  0.036
  Negative	 32 (61.5)		  14 (63.6)		  46 (62.2)	
  Positive	 20 (38.5)		  8 (36.4)		  28 (37.8)	
Estrogen receptor		  0.579		  0.201		  0.816
  Negative	 28 (53.8)		  8 (36.4)		  36 (48.6)	
  Positive	 24 (46.2)		  14 (63.6)		  38 (51.4)	
HER2 protein		  <0.001		  0.394		  <0.001
  Negative	 39 (75.0)		  13 (59.1)		  52 (70.3)	
  Positive	 13 (25.0)		  9 (40.9)		  22 (29.7)	
Ki67, %		  <0.001		  <0.001		  <0.001
  <14	 11 (21.2)		  3 (13.6)		  14 (18.9)	
  ≥14	 41 (78.8)		  19 (86.4)		  60 (81.1)	

Values are expressed as n (%). The P‑value was not calculated by the χ2 goodness‑of‑fit test as the assumption of at least 5 expected frequencies 
in each group of the categorical variable was violated. NC, not calculated; HER2, human epidermal growth factor receptor 2.
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the specific activation of ERβ tripled the gene expression 
of αKlotho (P<0.01; Fig. 2). In addition, proliferation was 
analyzed by CFSE. In contrast to DPN treatment, E2 treatment 
stimulated the proliferation of MCF‑7 cells (data not shown).

Discussion

Due to the prevalence and severity of breast cancer, the 
identification of diagnostic and prognostic biomarkers is 

Table III. Histopathological variables by detectability of Klotho (n=74).

	 Klotho detection
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Histopathological variable	 Undetectable (n=52)	 Detectable (n=22)	 Statistical description

Histology			   aP=0.313
  Ductal carcinoma in situ	 2 (2.7)	 1 (1.4)	
  Invasive ductal carcinoma	 48 (64.9)	 18 (24.3)	
  Invasive lobular carcinoma	 2 (2.7)	 3 (4.1)	
Tumor grade			   aP=0.091
  Well‑differentiated	 3 (4.1)	 1 (1.4)	
  Moderately differentiated	 30 (40.5)	 18 (24.3)	
  Poorly differentiated	 19 (25.7)	 3 (4.1)	
Metastasis stage			   χ²(1)=2.33, P=0.127
  Initial	 23 (31.1)	 14 (18.9)	
  Metastatic	 29 (39.2)	 8 (10.9)	
TNM classification			   aP=0.099
  I	 6 (8.1)	 3 (4.1)	
  II	 17 (23.0)	 11 (14.9)	
  III	 22 (29.7)	 3 (4.1)	
  IV	 7 (9.5)	 5 (6.8)	
Tumor size, cm			   aP=0.604
  <2	 7 (9.5)	 4 (5.4)	
  2‑5	 18 (24.3)	 10 (13.5)	
  >5	 13 (17.6)	 5 (6.8)	
  Invasive	 14 (18.9)	 3 (4.1)	
Lymph node status			   χ²(1)=3.35, P=0.067
  Negative	 21 (28.4)	 14 (18.9)	
  Positive	 31 (41.9)	 8 (10.8)	
Molecular subtype			   aP=0.269
  Triple‑negative	 20 (27.0)	 5 (6.8)	
  Luminal	 22 (29.7)	 14 (18.9)	
  HER2+	 10 (13.5)	 3 (4.1)	
Progesterone receptor			   aP=1.000
  Negative	 32 (43.2)	 14 (18.9)	
  Positive	 20 (27.0)	 8 (10.8)	
Estrogen receptor			   aP=0.208
  Negative	 28 (37.8)	 8 (10.8)	
  Positive	 24 (32.4)	 14 (18.9)	
HER2			   aP=0.265
  Negative	 39 (52.7)	 13 (17.6)	
  Positive	 13 (17.6)	 9 (12.2)	
Ki67, %			   aP=0.534
  <14	 11 (14.9)	 3 (4.1)	
  >14	 41 (55.4)	 19 (25.7)	

Values are expressed as n (%). aFisher's exact test for the variables with the expected count <20%. HER2, human epidermal growth factor 
receptor 2.
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essential  (57). There are several biomarkers (i.e., EGFR, 
HER2, PgR, ER) that require analysis, but in certain cases, 
it is not possible to collect histological samples. Therefore, 
it is important to identify serum biomarkers that make the 
prognosis or diagnosis more reliable.

Proteins secreted from the tumors and detected in patients' 
fluids may be collected and analyzed and are thus used as 
clinical markers for breast tumor prognosis and diagnosis. 
The plasma concentration of Klotho protein may be regarded 
as a potential biomarker, since it inhibits signaling pathways, 
contributing to carcinogenesis (58,59). Furthermore, certain 

studies have demonstrated that cases of cancer with the 
least favorable prognosis, such as advanced cases, exhibit 
dysregulations in the Klotho gene, including epigenetic 
silencing (24,29). Certain in vitro studies have demonstrated 
that human tumor‑derived cell lines do not express Klotho as 
normal cell lines do (23,34,60,61). The most consolidated data 
of antitumor action is that soluble Klotho inhibits the IGF‑1 
signaling pathway by blocking the auto‑phosphorylation of 
the IGF‑1 receptor and also inhibits Wnt‑β‑catenin, MAPK, 
PIK3A, AKT, unfolded protein response, stanniocalcin‑1 and 
TGF‑β1 pathways (26,60,62).

Table IV. Klotho detectable levels and relation with histopathological features (n=22).

Item	 N	 Klotho levels, pg/ml	 Statistical description

Group			   U=292, P=0.754
  Patients	 22	 185.0±160.0	
  Controls	 28	 188.0±180.0	  
Metastasis stage			   H(1)=0.787, P=0.375
  Initial	 14	 223.2±188.4	
  Metastatic	 8	 118.0±56.6	  
TNM classification			   H(3)=1.69, P=0.639
  I	 3	 224.0±220.5	
  II	 11	 223.0±190.8	
  III	 3	 150.7±60.9	
  IV	 5	 97.8±49.4	  
  Molecular subtype			   H(2)=2.74, P=0.254
  Triple‑negative	 5	 97.8±77.6	
  Luminal	 14	 226.1±184.0	
  HER2+	 3	 137.0±62.1	  
Tumor size, cm			   H(3)=3.22, P=0.358
  <2	 4	 273.0±205.2	
  2‑5	 10	 151.0±172.3	
  >5	 5	 231.0±129.1	
  Invasive	 3	 101.0±56.6	  
Lymph node status			   U=43, P=0.402
  Negative	 14	 223.0±188.4	
  Positive	 8	 118.0±56.6	  
Progesterone receptor			   U=43, P=0.402
  Negative	 14	 157.0±136.0	
  Positive	 8	 234.0±197.0	  
Estrogen receptor			   U=35, P=0.165
  Negative	 8	 113.0±70.4	
  Positive	 14	 226.0±184.0	  
HER2 receptor			   U=40, P=0.235
  Negative	 13	 150.0±135.0	
  Positive	 9	 235.0±189.0	  
Ki67, %			   U=6, P=0.03
  <14	 3	 52.7±3.1	
  ≥14	 19	 205.7±163.3	

Values are expressed as the mean ± standard deviation. Histology variables were not included due to ductal in situ having only 1 patient with 
detectable Klotho. HER2, human epidermal growth factor receptor 2.
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Table V. Overall survival compared between groups with undetectable and detectable αKlotho.

Histopathological variables	 Undetectable	 Detectable	 P‑value

Molecular subtype			 
  Luminal	 22 (61.1)	 14 (38.9)	 0.182
  Triple‑negative	 20 (80.0)	 5 (20.0)	 0.003
Lymph node status			 
  Positive	 31 (79.5)	 8 (20.5)	 <0.001
  Negative	 21 (60.0)	 14 (40.0)	 0.237
Metastasis stage			 
  Initial	 23 (62.2)	 14 (37.8)	 0.139
  Metastatic	 29 (78.4)	 8 (21.6)	 <0.001
Tumor grade			 
  Well‑differentiated	   3 (75.0)	 1 (25.0)	 0.317
  Moderately differentiated	 30 (62.5)	 18 (37.5)	 0.083
  Poorly differentiated	 19 (86.4)	 3 (13.6)	 <0.001

Figure 1. Progression‑free survival curves according to the level of soluble αKlotho and tumor variables. (A) Relation between αKlotho levels and survival, 
(B) degree of differentiation, (C) lymph node status, (D) the tumor's molecular subtype and (E) metastasis staging. Log‑rank tests were used to compare groups. 
The logistic regression using the Cox linear hazards model was used to evaluate the probability of death amongst groups. *Reference category. HR, hazard ratio; 
HER2, human epidermal growth factor receptor 2.
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As previously mentioned, in a cancer situation, the produc‑
tion of αKlotho must be lower in patients compared with 
controls. The data obtained in the present study proved that 
the concentration of αKlotho was not different between breast 
cancer patients and controls. These results are in agreement 
with those of a study on patients with lung cancer, which exhib‑
ited no differences in Klotho concentrations when compared 
to controls (63). In the present study, the control group was 
composed of patients' relatives, which may be a potential 
limitation for the detection of Klotho, as the family history 
of breast cancer may have had an influence. However, another 
study involving invasive ductal breast carcinoma suggested 
that, while the number of patients and controls with high levels 
of αKlotho was similar, there was a higher number of patients 
with cancer with low levels or absence of αKlotho (25). Based 
on the reduced expression of the Klotho gene reported in a 
previous publication (25), lower detection of αKlotho was 

expected in patients with breast cancer. The reason for the 
cancer‑associated decrease of αKlotho remains elusive and the 
present study did not investigate any histological samples, and 
it remains undetermined whether the αKlotho present in the 
serum represents the levels of Klotho in the tumor.

The protective effect of Klotho has been observed 
in various diseases, including cancers  (17,41,59,64). The 
participants of the present study were classified according 
to the detection of αKlotho based on the optical density in 
the ELISA assay. Measurements below the lowest point in 
the standard curve obtained by ELISA were defined as unde‑
tected and the others were considered detected. Most of the 
patients with positive lymph node status were classified as 
having undetected αKlotho. These results raise the question of 
whether there is a possible link between metastasis to lymph 
nodes and Klotho. Tumors, in favor of their survivability, 
work towards inhibiting factors that lower their proliferation 

Table VI. Multivariate analysis for histopathological variables associated with poor survival.

	 Multivariate analysisa

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable 	 LogRank (Mantel‑Cox) P‑value	 HR (95% CI)	 P‑value

Molecular subtype	 0.0045		
  Triple‑negative		  3.55 (0.98‑12.81)	 0.047
  Luminal		  1.01 (0.25‑4.12)	 0.98
  HER2+		  REF	  
Lymph node involvement	 0.0296	 2.91 (1.12‑7.53)	 0.27
Metastasis stage (metastatic vs. initial)	 0.0011	 5.21 (1.72‑15.79)	 0.004
Tumor grade	 0.001		
  Well‑differentiated		  0.00 (0.00)	 0.97
  Moderately differentiated		  0.267 (0.11‑0.63)	 0.03
  Poorly differentiated		  REF	

aVariables included in multivariate regression Cox model. HER2, human epidermal growth factor receptor 2; HR, hazard ratio; REF, reference 
category.

Figure 2. Soluble αKlotho and mRNA expression after the use of ER agonists in the luminal line of breast cancer. MCF‑7 was incubated with E2 and DPN, an 
ERβ‑specific agonist, for 48 h. (A) MCF‑7 produced more αKlotho if incubated with DPN. Results with significant differences were determined using Welch's 
ANOVA [F (2,2.5)=8.30, P=0.076. Post‑test: Tukey]. (B) Both E2 and DPN induced gene expression of Klotho in MCF‑7 cells. Values are expressed as the 
mean ± standard error of the mean, derived from three biological replicates, each containing a technical triplicate. Significant differences were determined 
using one‑way ANOVA [F (2.6)=16.75, P=0.003. Post‑test: Tamhane's T2]. DPN, diarylpropionitrile; E2, non‑specific ER agonist estradiol; ER, estrogen 
receptor.
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and spread. Epigenetic silencing of Klotho promotes cancer 
progression due to the reduction of circulating soluble 
Klotho (29), which, in turn, facilitates events that facilitate 
metastasis, such as epithelial‑mesenchymal transition (35). 
In a study investigating large cell neuroendocrine carcinoma 
of the lung, Klotho expression was indicated to augment 
the survival of patients with lymph‑node involvement when 
compared to those without such involvement (30). However, 
in large cell lung carcinoma, lymph‑node involvement and 
Klotho were indicated to be independent factors predictive 
of tumor progression (65). While Klotho exhibits potential in 
the prevention of metastasis, its role in specific cancers still 
requires further investigation. Most likely, the reduction or 
absence of Klotho in the tumor microenvironment increases 
the population of undifferentiated cells, favoring their local 
detachment and metastasis (29,35).

The Ki67 index is one of the most important prognostic 
markers used in clinical oncology for patients with breast 
cancer, which, in the present study, was measured by immu‑
nohistochemistry (66‑68). Circulating Ki67 may be used as a 
biomarker in acute lymphoblastic leukemia (69), but in breast 
cancer, it appears to not be as reliable as immunohistochem‑
istry (55), since soluble biomarkers may not directly represent 
what occurs in the tumor. The 2011 Saint Gallen Consensus 
Meeting defined ‘low proliferation’ tumors as those with a 
Ki67 index of <14% (70). Likewise, during this same meeting 
in 2013, a consensus was reached according to which a Ki67 
index of >20% was considered a ‘high’ Ki67 status. At the 
same time, numerous studies on different types of tumor 
indicated that Ki67 expression is associated with intermediate 
proliferation activities (between 15 and 30%) (69‑75). In the 
present study, a cutoff of 14% was employed due to its routine 
use at the Oncology Center of the Federal University of 
Uberlandia (Uberlandia, Brazil). αKlotho was not detected in 
most patients with Ki67 <14%, in contrast to patients with Ki67 
>14%. As a marker of proliferation and negative prognosis, 
Ki67 is frequently associated with lower Klotho concentra‑
tions (25). In this sense, the reflection of Klotho in the Ki67 
index may be based on the inhibition of IGF‑1, a pathway that 
has a direct relation to cell proliferation, differentiation and 
survival (through the negation of apoptosis) (25,76). Therefore, 
these unexpected results are probably due to systemic αKlotho 
possibly not representing the local production of Klotho. Other 
publications have already demonstrated that biomarkers such 
as carcinoembryonic antigen, ERβ, cytokeratin 19 and c‑Myc 
present in serum do not represent the production in a tumor 
microenvironment (77).

Klotho is a protein that is considered to be closely tied to 
lifespan; therefore, investigating the overall lifespan of patients 
was of interest. There was no difference in overall patient 
survival depending on αKlotho status, but results similar to 
those encountered in the literature were obtained when consid‑
ering certain variables, such as molecular subtype, tumor 
grade, lymph node status and TNM classification (78‑81). The 
present results demonstrated that patients with tumors that 
had certain histopathological variables considered important 
for overall survival had undetected αKlotho. The relationship 
between Klotho and cancer patient survival was also inves‑
tigated in other studies. For instance, in a study on patients 
with ovarian cancer, the expression of Klotho in tissue was 

decreased compared with that in the control group and reduced 
Klotho was associated with decreased survival rates (31). In 
small‑cell lung cancer, Klotho expression in tissue samples 
was significantly associated with overall survival (82). The 
present results and the reports in the literature demonstrated 
that Klotho has potential use in oncological therapy, specifi‑
cally in helping to enhance treatment and improve patient 
survival. The relationship between Klotho and oncological 
treatment has also been investigated in small‑cell lung cancer, 
where the administration of perioperative chemotherapy in 
patients with undetectable Klotho had no significant effect in 
terms of improving survival, while patients with detectable 
Klotho benefited from perioperative chemotherapy. In 
addition, patients with undetectable Klotho had much lower 
overall survival in a previous study (82).

Although the αKlotho status did not directly influence the 
survival curve, when analyzing variables with lower overall 
survival, such as metastatic tumors, tumors with poor differ‑
entiation, positive lymph status and triple‑negative tumors, the 
number of patients with undetectable αKlotho was predomi‑
nant. Despite this, a significant disadvantage of the present 
study was the lack of establishment of causal effects between 
the detectability of αKlotho and the histopathological vari‑
ables, besides that this association may be explained by other 
variables that differ from the detection of αKlotho. Thus, it was 
demonstrated that most of the patients with undifferentiated 
triple‑negative metastatic tumors did not produce detectable 
levels of αKlotho.

The present results indicated that there were more patients 
with undetectable Klotho and lymph‑node involvement 
compared to patients with detectable Klotho, which may 
indicate that the absence of Klotho results in poor prognosis 
and may contribute to the spread of the tumor to lymph nodes. 
The association of metastasis with lymph nodes is frequently 
observed in studies that deal with breast cancer  (83,84). 
Studies have demonstrated the importance of Klotho in inhib‑
iting metastasis in mice (26,85). Due to the results of previous 
studies, Klotho was expected to have an important function in 
protecting patients against tumor progression. This safeguard 
of Klotho goes beyond just acting against metastasis, but it 
also has a role in reducing proliferation in various types of 
cancer, such as breast and hepatocellular cancer, lymphomas 
and pancreatic cancers (23,25,28,49,86). While results point to 
a relationship between these factors, the association between 
Klotho and lymph‑node involvement remains poorly under‑
stood and requires further investigation. Attempts to unveil the 
relationship between these factors have provided controversial 
results. For instance, one study of large‑cell neuroendocrine 
lung carcinoma revealed that lymph‑node involvement and 
Klotho expression are independent factors influencing patient 
survival (65), whereas another study on the same type of cell 
concluded that despite being independent factors, among 
patients without lymph‑node involvement, metastasis or 
angioinvasion, the effects of Klotho in ensuring survival of 
patients were significantly greater (30).

In the advanced stages of metastasis, it is common for 
tumor cells to exhibit accelerated cellular proliferation (87). 
As one of the consequences of this accelerated cellular prolif‑
eration, cancer cells tend to present with a lower degree of 
differentiation (88). The majority of subjects in the present 
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study had moderately or poorly differentiated tumors, with 
most of these same subjects also having undetectable levels of 
Klotho. According to the literature, the role of Klotho may be 
indirect, through binding to growth factors, such as FGF‑23, 
to assist in cellular differentiation of several cell types, such as 
neural cells (89), adipose‑derived stem cells (90), muscle stem 
cells (91) and bone cells (92). Therefore, the absence of Klotho 
in the subjects of the present study may have contributed to the 
lack of differentiation.

Triple‑negative breast cancer, a tumor subtype devoid of 
hormone receptors and HER2, is associated with significantly 
lower overall survival, along with those with negative ER/PgR, 
and of these patients, a larger proportion had undetectable levels 
of Klotho. In agreement with the present results, another study 
suggested that in patients with triple‑negative breast cancer, 
the levels of αKlotho and βKlotho were significantly downreg‑
ulated, while γKlotho was highly expressed, which correlates 
with lower disease progression (50). The relationship between 
Klotho and hormone receptors remains to be elucidated. 
One study indicated that in the hippocampus of rats during 
menopause, 17β‑estradiol increased Klotho expression, since 
Klotho is a target of E2, indicating positive feedback between 
these compounds (93). In epithelial ovarian cancer, αKlotho 
may downregulate ER signaling, as αKlotho inhibits the IGF‑1 
pathway, which in turn regulates the transcriptional activity of 
ER (94). In MCF‑7 cells, proliferation is decreased by Klotho 
overexpression but enhanced by its downregulation  (25). 
However, Klotho does not appear to affect HER2 (25,95). 
In vitro assessments of a multitude of different cell lines with 
and without these receptors demonstrated that Klotho still 
decreases the proliferation of certain cell types, including 293 
cells, yet in other cells, the EGF pathway is not modulated 
by Klotho, such as in L6 or H4IIE cells (1). The absence of 
these receptors in patients with triple‑negative breast cancer 
may explain the lack of detectable levels of Klotho, since there 
is evidence to support the hypothesis that these receptors and 
Klotho exert a mutual influence.

Due to this context, an investigation of the relationship 
between ER activity and Klotho expression and αKlotho 
production was performed. For this purpose, a luminal pheno‑
type breast cancer cell line, MCF‑7, was cultured. Based on 
the different roles of ERα and ERβ, cells were incubated with 
different types of estrogen, one of which has a higher affinity 
for ERα, while the other, DPN, is a highly potent ERβ agonist. 
It was observed that estrogen was able to increase both Klotho 
gene expression and proliferation of MCF‑7 cells, while DPN 
only stimulated gene expression, without any consequential 
increase in proliferation (data not shown). In addition, the 
present results proved that DPN increased Klotho production. 
Due to these results, ERβ may be a more reasonable target in 
oncological therapy if the focus were to increase Klotho concen‑
trations. As an example, genistein, an ERβ ligand (96), restores 
Klotho gene expression by inhibiting histone 3 deacetylation 
of the Klotho promoter and normalizes the promoter DNA 
hypermethylation by suppressing DNA methyltransferase in 
renal fibrosis (97). The biological interaction between Klotho 
and ERs appears to depend on aromatase, an enzyme involved 
in estrogen production. A study investigating the impact of 
the absence of aromatase on renal calcium reabsorption (98) 
suggested that mice with a deficiency of this enzyme had 

increased Klotho expression, whereas after treatment with the 
exogenous estrogen, this expression decreased. On the other 
hand, rats treated with different doses of estrogen increased 
the levels of Klotho mRNA in a dose‑dependent manner in 
samples of the parathyroid gland (99). This discrepancy may 
be explained by the different expressions of α‑ and β‑ERs in 
different cell lines.

In conclusion, the present results demonstrated that 
undetectable αKlotho in the serum of patients with breast 
cancer is related to the most aggressive histopathological 
characteristics of such tumors and is associated with poor 
prognosis. Despite the present data demonstrating this 
relationship, soluble αKlotho may not be representative of 
the tumor microenvironment and may thus not be a suitable 
biomarker for breast cancer diagnosis. Thus, the relationship 
between soluble αKlotho and Klotho present in cancer tissue 
requires further investigation.
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