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Abstract: The Kindlin protein family, comprising Kindlin-1, Kindlin-2 and Kindlin-3, play
important roles in various human cancers. Here, to explore the clinical significance of Kindlins
in human osteosarcomas, quantitative real-time PCR and Western blot analyses were performed
to detect the expression of Kindlin-1, Kindlin-2 and Kindlin-3 mRNAs and proteins in 20 self-
pairs of osteosarcoma and adjacent noncancerous tissues. Then, immunohistochemistry was
performed to examine subcellular localizations and expression patterns of Kindlin proteins in 100
osteosarcoma and matched adjacent noncancerous tissues. Kindlin-1, Kindlin-2 and Kindlin-3
protein immunostainings were localized in the cytoplasm, nucleus and cytoplasm, respectively,
of tumor cells in primary osteosarcoma tissues. Statistically, the expression levels of Kindlin-1
and Kindlin-2 mRNAs and proteins in osteosarcoma tissues were all significantly higher
(both P<<0.01), but those of Kindlin-3 mRNA and protein were both dramatically lower (both
P<0.05), than in matched adjacent noncancerous tissues. In addition, the overexpressions of
Kindlin-1 and Kindlin-2 proteins were both significantly associated with high tumor grade (both
P=0.01), presence of metastasis (both P=0.006), recurrence (both P=0.006) and poor response to
chemotherapy (both P=0.02). Moreover, Kindlin-1 and Kindlin-2 expressions were both identi-
fied as independent prognostic factors for overall (both P=0.01) and disease-free (P=0.02 and
0.01, respectively) survivals of osteosarcoma patients. However, no associations were observed
between Kindlin-3 expression and various clinicopathologic features and patients’ prognosis.
In conclusion, aberrant expression of Kindlin-1 and Kindlin-2 may function as reliable markers
for progression and prognosis in osteosarcoma patients, especially for tumor recurrence.
Keywords: osteosarcoma, Kindlin protein family, clinicopathologic feature, overall survival,
disease-free survival

Introduction

Osteosarcoma, one of the most malignant and common solid tumors predominantly
occurring around regions with active bone growth and repair, is characterized by rapid
growth rate, high local aggressiveness and early metastasis to distant bones and the
lungs.! Its incidence peaks in children and adolescents.? Despite great improvements
made in surgical technology, neoadjuvant chemotherapy and combined therapeutic
strategies, the 5-year survival rate is only at 20% in osteosarcoma patients with tumor
metastasis and 15% for patients with more than five pulmonary metastatic lesions.’
Recently, accumulating studies have investigated the underlying molecular and patho-
logical mechanisms of the occurrence, progression and metastasis of osteosarcoma.* In
our previous studies, we demonstrated that the deregulation of three miRNA/mRNA
combinations, including miR-128/target gene PTEN, miR-223/target gene epithelial
cell transforming sequence 2, and miR-183/target gene Ezrin axes, were significantly
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associated with the aggressive progression of human
osteosarcoma.>”’ More interestingly, these combinations may
function as potential prognostic markers for patients with
this malignancy.>” However, the exact mechanisms of this
malignancy remain unclear, thereby posing great challenges
to its clinical treatment. Thus, it is necessary to identify
new markers for early diagnosis and prognosis in patients
with osteosarcomas to explore the complex mechanisms
and to develop more efficient tumor-targeted therapeutic
strategies.

The Kindlin protein family, comprising three members,
Kindlin-1, Kindlin-2 and Kindlin-3, that are evolutionarily con-
served focal adhesion proteins, function as crucial regulatory
components of cell-extracellular matrix junctions, which are
involved in cell adhesion, proliferation, differentiation and
motility.®? Kindlin-1, Kindlin-2 and Kindlin-3 are, respectively,
encoded by Fermitin family member 1 (FERMT 1, chromosome
20p12.3), FERMT2 (chromosome 14q22.1) and FERMT3
(chromosome 11q13.1), and are all featured by a C-terminal
FERM (4.1 protein, ezrin, radixin and moesin) domain bisected
by a pleckstrin-homology domain.® Under normal conditions,
Kindlin-1 is predominantly expressed in epithelial cells, such
as keratinocytes and intestinal epithelial cells; Kindlin-2
is found ubiquitously, but is absent in all blood cells; and
Kindlin-3 is broadly expressed in hematopoietic cells and, pos-
sibly, also at low levels in endothelial cells.’ Pathologically, the
dysregulation of Kindlins has been observed in various
malignant tumor cells and has been reported to be implicated
in tumorigenesis and tumor progression. For example, the
aberrant expression of Kindlin-1 in breast cancer, lung can-
cer, pancreatic cancer and colorectal cancer may enhance
cell adhesion, proliferation and motility;'*"* Kindlin-2 may
exert various oncogenic roles in promoting tumor invasion
by activating Wnt signaling or silencing the microRNA-200
family;'* and Kindlin-3 has been found to be downregulated
in melanoma, breast cancer, lung cancer and kidney cancer,
suggesting that it may play a role in controlling the malignant
phenotypes of these cancers.'>'8 However, the involvement of
Kindlin-1, Kindlin-2 and Kindlin-3 in human osteosarcoma
remains unclear.

To address this problem, we here performed quantitative
real-time polymerase chain reaction (PCR), Western blot and
immunohistochemistry to detect the expression patterns of
Kindlins, at both mRNA and protein levels, in osteosarcoma
and noncancerous bone tissues collected from patients with
primary osteosarcomas. Then, the associations of their
expression levels with various clinicopathologic features and
patients’ prognosis were statistically evaluated.

Materials and methods

Ethical approval

This study was approved by the Research Ethics Committee of
the First Affiliated Hospital of Xinjiang Medical, the Xinjiang
Uygur Autonomous Region and the People’s Hospital of
Xinjiang Uygur Autonomous Region, China. Prior to surgery,
all patients provided written informed consent for inclusion
in this study.

Patients and tissue samples

For quantitative real-time PCR and Western blot analyses,
20 self-pairs of fresh osteosarcoma and adjacent noncancerous
tissues were obtained from 20 patients with primary osteosarco-
mas, who underwent surgical operations at the First Affiliated
Hospital of Xinjiang Medical, the Xinjiang Uygur Autonomous
Region and the People’s Hospital of Xinjiang Uygur Autono-
mous Region between 2014 and 2015. This cohort included
12 males and 8 females, and they were aged from 12 to 28 years
(mean age was 18.2). All samples were immediately snap-
frozen in liquid nitrogen or stored at —80°C before quantitative
real-time PCR and Western blot analyses.

For immunohistochemistry, a total of 100 primary
osteosarcoma patients, who underwent surgical operations
at the First Affiliated Hospital of Xinjiang Medical, the
Xinjiang Uygur Autonomous Region and the People’s Hos-
pital of Xinjiang Uygur Autonomous Region between 2005
and 2009, were enrolled in the present study. This cohort
included 68 males and 32 females, and they were aged from
10 to 28 years (mean age was 18.1). One hundred self-pairs
of osteosarcoma and the corresponding noncancerous bone
tissue samples were collected from these patients.

For enrollment of all patients in this study, the inclu-
sion criteria were provided as following: 1) with malignant
osteosarcomas in the limb; 2) after establishing the diagnosis,
all patients were treated with the same neoadjuvant chemo-
therapy consisting of methotrexate, doxorubicin, cisplatin
and ifosfamide; 3) demographic information (including age
and sex) and clinicopathologic data (including tumor site, his-
tologic type, tumor grade, metastasis and recurrence status,
and response to preoperative chemotherapy) were collected.
Histopathologic diagnosis of all specimens was confirmed
by two trained pathologists. All drugs were given intrave-
nously. Following neoadjuvant chemotherapy, the patients
underwent wide resection of tumors. Response to chemo-
therapy was classified as “poor” (<90% tumor necrosis) and
“good” (>90% tumor necrosis) through histologic analysis
of tumor specimens after surgery.!” The clinicopathologic
characteristics are listed in Table 1.
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Table | Association between the expression of Kindlin proteins and various clinicopathologic features of osteosarcoma patients

Clinicopathologic No of cases, Kindlin-I-high, P-value Kindlin-2-high, P-value Kindlin-3-high, P-value
features n (%) n (%) n (%) n (%)

Age (years)

<18 40 (40.00) 20 (50.00) NS 21 (52.50) NS 22 (55.00) NS
=18 60 (60.00) 32(53.33) 30 (47.50) 28 (45.00)

Sex

Male 68 (68.00) 36 (52.94) NS 35(51.47) NS 38 (55.88) NS
Female 32 (32.00) 16 (47.06) 16 (47.06) 12 (44.12)

Tumor site

Femur 55 (55.00) 29 (52.73) NS 28 (50.91) NS 27 (49.09) NS
Tibia 20 (20.00) 10 (50.00) I'l (55.00) 10 (50.00)

Humeral bone 15 (15.00) 8(53.33) 7 (46.67) 8 (53.33)

Other 10 (10.00) 5 (50.00) 5 (50.00) 5 (50.00)

Histologic type

Osteoblastic 55 (55.00) 29 (52.73) NS 28 (50.91) NS 27 (49.09) NS
Chondroblastic 20 (20.00) 10 (50.00) I'l (55.00) 10 (50.00)

Fibroblastic 15 (15.00) 8(53.33) 7 (46.67) 8 (53.33)

Telangiectatic 10 (10.00) 5 (50.00) 5 (50.00) 5 (50.00)

Tumor grade

Low 15 (15.00) 3 (20.00) 0.0l 4 (26.67) 0.01 6 (40.00) NS
High 85 (85.00) 49 (57.64) 47 (55.29) 44 (51.76)

Metastasis

Absent 60 (60.00) 20 (33.33) 0.006 21 (35.00) 0.006 27 (45.00) NS
Present 40 (40.00) 32 (80.00) 30 (75.00) 23 (57.50)

Recurrence

Absent 70 (60.00) 27 (38.57) 0.006 28 (40.00) 0.006 34 (48.57) NS
Present 30 (40.00) 25 (83.33) 23 (76.67) 16 (53.33)

Response to preoperative chemotherapy

Good 50 (50.00) 19 (38.00) 0.02 18 (36.00) 0.02 21 (42.00) NS
Poor 50 (50.00) 33 (66.00) 33 (66.00) 29 (58.00)

Abbreviation: NS, not significant.

For survival analysis, all 100 osteosarcoma patients
received follow-up. They were monitored with computed
tomography (CT) performed every 3 months during the first
3 years after chemotherapy, every 4 months during years 4
and 5, and every 6 months thereafter. The development of
local recurrence and distant metastasis were detected by CT
scans or magnetic resonance imaging. The median follow-up
was 29.82 months (range: 5.26—38.89 months). For survival
analyses, overall survival was defined as the time interval
from the date of diagnosis at our center to the date of death
or the last follow-up. Disease-free survival was defined as
the time interval from diagnosis at our center to progressive
disease, death from any other cause than progression or a
second primary cancer.

RNA extraction and quantitative
real-time PCR

Total RNAs in osteosarcoma and adjacent noncancerous
tissues were extracted using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA) based on the instructions to the users.

RNASs were then reverse transcribed using the high-capacity
cDNA reverse transcription kit (Applied Biosystems, Foster
City, CA, USA). After that, the quantitative PCR was
performed using the SYBR-Green fluorescent dye method
based on a Rotor Gene 3000 real-time PCR apparatus.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal normalization control for Kindlin
mRNAs. The primer sequences used in this study were listed
as follows: for Kindlin-1, forward primer: 5’-TTG GGA
TTC AGG AAG ACA GG-3', reverse primer: 5'-CCC TGA
CCA GTT GGG ATA GA-3’; for Kindlin-2, forward primer:
5’-TGT CCC CGC TAT CTA AAA AA-3’, reverse primer:
5’-TGA TGG GCC TCC AAG ATT CT-3’; for Kindlin-3,
forward primer: 5-GGC ATC GCC AAC AAC C-3’, reverse
primer: 5-CAC TGG CGC ATG TTG C-3’; for GAPDH,
forward primer: 5’-AAT CCC ATC ACC ATC TTC CA-3,
reverse primer: 5-TGG ACT CCA CGA CGT ACT CA-3".
The amplification specificity was checked by melting curve
analysis. Relative expression of Kindlin mRNAs was
calculated based on the 24T method.
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Western blot analysis

Total proteins of osteosarcoma and adjacent noncancerous
tissues were extracted using radioimmunoprecipitation
assay buffer containing phenylmethanesulfonyl fluoride
and were quantified by a BCA kit (Thermo, Waltham, MA,
USA). Proteins were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred to polyvi-
nylidene difluoride membranes. Then, the membranes were
blocked with 5% nonfat milk (Bio-Rad) in Tris-buffered
saline containing Tween 20 (TBST) solution, overnight
at 4°C. After that, the following primary antibodies were
used: Kindlin-1 (rabbit polyclonal antibody; Millipore,
Billerica, CA, USA; 1:100 dilution), Kindlin-2 (rabbit
polyclonal antibody, Millipore; 1:150 dilution), Kindlin-3
(rabbit polyclonal antibody; Abcam, MA, USA; 1:100
dilution) and GAPDH (rabbit polyclonal antibody, Abcam;
1:150 dilution). Secondary antibodies were incubated after
washing with TBST at room temperature for 1 h (horse
radish peroxidase labeled goat anti-mouse IgG, 1:1000;
Sangon Biotech, Shanghai, China). The membranes were
detected by ECL system (Pierce, Rockford, IL, USA), and
gray assay was performed by ImageQuant 5.2 software.
GAPDH protein levels were used as a control to verify
equal protein loading.

Immunohistochemistry

Immunohistochemistry was performed to examine subcel-
lular localizations and expression patterns of Kindlin proteins
in osteosarcoma and noncancerous bone tissues. All fresh,
resected tissue samples were fixed in 10% formalin, embed-
ded in paraffin and cut into 4 wm-thick sections, which were
subsequently dewaxed in xylene and rehydrated with graded
alcohol. Following rinsing with distilled water, the antigen
was incubated in ethylenediaminetetraacetic acid buffer at
100°C for 20 min and then cooled to room temperature.
The slides were then incubated at 4°C overnight with the
primary antibodies: Kindlin-1 (rabbit polyclonal antibody,
Millipore; 1:100 dilution), Kindlin-2 (rabbit polyclonal
antibody, Millipore; 1:150 dilution) and Kindlin-3 (rabbit
polyclonal antibody, Abcam; 1:100 dilution). After wash-
ing with phosphate-buffered solution (PBS) three times,
the biotin-labeled secondary antibody was added and the
sections were incubated at room temperature for 10 min.
After washing with PBS three times, 3,3’-diaminobenzidine
chromogenic reagents were added. Then, sections were
counterstained with hematoxylin, dehydrated and mounted.
The negative controls were processed in a similar manner
with PBS instead of the primary antibodies.

Evaluation of immunostaining results

The immunoreactive scores (IRSs) were evaluated by two
independent pathologists who were blinded to the clinical
information of osteosarcoma patients enrolled in the current
study. The IRSs were calculated by integrating the propor-
tion of positive cells and the intensity of immunoreactivity
based on the description of the previous studies.®?? The
median value of the total IRSs was calculated and used
as a cutoff point to divide all osteosarcoma patients into
Kindlin-1-low/high, Kindlin-2-low/high or Kindlin-3-low/
high groups.

Statistical analysis

All data in this study were statistically analyzed using
the SPSS statistical package (version 11.0 for Windows;
SPSS Inc, IL, USA). Continuous variables were expressed
as mean * standard deviation. Differences of Kindlin
mRNA and protein expression between osteosarcoma and
corresponding noncancerous bone tissues were evaluated
by the paired #-test. Associations between various clinico-
pathologic characteristics and Kindlin protein expression
were analyzed by y? tests. Survival analyses were performed
using the Kaplan—Meier and the log-rank tests. Differences
were considered statistically significant when P-value
was <0.05.

Results

Kindlin gene and protein expression
levels in human osteosarcoma tissues
Compared with adjacent noncancerous tissues, the expression
levels of Kindlin-1 and Kindlin-2 mRNAs were both signifi-
cantly increased in osteosarcoma tissues (for Kindlin-1, tumor
vs normal: 4.3610.58 vs 2.344+0.53, P<<0.01, Figure 1A;
for Kindlin-2, tumor vs normal: 4.61%1.42 vs 2.59+0.68,
P<0.01, Figure 1A), whereas the expression level of
Kindlin-3 mRNA was markedly decreased in osteosarcoma
tissues (tumor vs normal: 2.1610.66 vs 3.71£0.90, P<<0.05,
Figure 1A). The changes in expression levels of Kindlin
proteins in osteosarcoma and adjacent noncancerous tissues
detected by Western blot analysis were similar to those at
mRNA levels (Figure 1B-D).

Subcellular localizations and expression
patterns of Kindlin proteins in human

osteosarcoma tissues
According to the results of immunochemistry analysis,
the positive Kindlin-1 (Figure 2), Kindlin-2 (Figure 2C)
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(P<<0.01). The mRNA and protein levels of Kindlins were detected by quantitative real-time PCR and Western blot analyses. T and N refer to osteosarcoma and adjacent

noncancerous tissues, respectively.

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PCR, polymerase chain reaction.

and Kindlin-3 (Figure 2E) protein immunostainings were,
respectively, localized in cytoplasm, nucleus, and cytoplasm
of tumor cells in primary osteosarcoma tissues. Statistically,
the expression levels of Kindlin-1 (tumor vs normal:
4.4940.78 vs 2.6910.59, P<<0.01, Figure 2B) and Kindlin-2
(tumor vs normal: 4.89%+1.16 vs 2.724+0.56, P<0.01,
Figure 2D) proteins in osteosarcoma tissues were both
significantly higher, but that of Kindlin-3 protein (tumor
vs normal: 2.4120.65 vs 3.37%0.83, P<<0.05, Figure 2F)

was dramatically lower than those in adjacent noncancer-
ous tissues.

In addition, the median values of Kindlin-1 (4.56),
Kindlin-2 (4.56) and Kindlin-3 (3.10) protein expression
levels in all osteosarcoma tissues were used as cutoff points to
classify 100 patients with osteosarcomas into Kindlin-1-low
(n=48), Kindlin-1-high (n=52), Kindlin-2-low (n=49),
Kindlin-2-high (n=51), Kindlin-3-low (n=50) and Kindlin-3-
high (n=50) expression groups.
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Figure 2 Subcellular localizations and expression patterns of Kindlin proteins in human osteosarcoma tissues.

Notes: The positive Kindlin-1 (A) Kindlin-2 (C) and Kindlin-3 (E) protein immunostainings were localized in the cytoplasm, nucleus and cytoplasm, respectively, of tumor
cells in primary osteosarcoma tissues. Statistically, the expression levels of Kindlin-1 (B) and Kindlin-2 (D) proteins in osteosarcoma tissues were both significantly higher,
but that of Kindlin-3 protein (F) was dramatically lower than those in noncancerous bone tissues. The subcellular localizations and expression patterns of Kindlins were

examined by immunohistochemistry.

Kindlin-1 and Kindlin-2 overexpression
associated with aggressive clinicopathologic

features of human osteosarcoma
As shown in Table 1, osteosarcoma patients with high
Kindlin-1 expression or high Kindlin-2 expression more

frequently had high tumor grade (both P=0.01), positive
metastasis (both P=0.006) and recurrence (both P=0.006),
and poor response to chemotherapy (both P=0.02).
However, no associations were observed between Kindlin-3

expression and various clinicopathologic features.
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Figure 3 Kaplan—Meier overall (A—C) and disease-free (D—F) survival curves for osteosarcoma patients based on Kindlin-1 (A and D), Kindlin-2 (B and E) and Kindlin-3

(C and F) protein expression.

Kindlin-1 and Kindlin-2 overexpression
predict poor prognosis in human
osteosarcoma

All 100 osteosarcoma patients enrolled in this study received
follow-up. The 3-year overall survival was 75.00% and the
3-year disease-free survival was 58.00% for all patients.
According to the results of Kaplan—-Meier and log-rank
tests, both overall and disease-free survivals of osteosar-
coma patients with high Kindlin-1 expression (Figure 3
both P<<0.001) and high Kindlin-2 expression (Figure 3B
and E, respectively; both P<<0.001) were significantly
shorter than those with low Kindlin-1 expression and low
Kindlin-2 expression. However, there were no significant

differences in both overall and disease-free survivals

between high and low Kindlin-3 expression groups (P>0.05,
Figure 3C and F).

Cox proportional hazard model confirmed that Kindlin-1
expression (for overall survival: relative risk [RR]: 7.21, 95%
confidence interval [CI]: 1.06—15.38, P=0.01; for disease-free
survival: RR: 7.86, 95% CI: 1.01-16.22, P=0.01), Kindlin-2
expression (for overall survival: RR: 6.89, 95% CI: 0.96-14.23,
P=0.02; for disease-free survival: RR: 7.23, 95% CI: 1.01—
15.39, P=0.01), response to preoperative chemotherapy (for
overall survival: RR: 7.28, 95% CI: 1.08-15.11, P=0.01; for
disease-free survival: RR: 8.25,95% CI: 1.11-17.99, P=0.006)
and metastasis status (for overall survival: RR: 6.44, 95% CI:
0.96-13.62, P=0.02; for disease-free survival: RR: 6.92, 95%
CI: 1.00-14.06, P=0.01) were all independent prognostic factors
of unfavorable survival in human osteosarcoma (Table 2).

Table 2 Multivariate survival analysis of overall and disease-free survivals in 100 patients with osteosarcomas

Variables Overall survival Disease-free survival

RR (95% CI) P-value RR (95% CI) P-value
Kindlin-1 expression 7.21 (1.06—15.38) 0.01 7.86 (1.01-16.22) 0.01
Kindlin-2 expression 6.89 (0.96-14.23) 0.02 7.23 (1.01-15.39) 0.01
Kindlin-3 expression 4.06 (0.72-8.82) NS 4.19 (0.79-8.96) NS
Tumor grade 2.42 (0.61-5.16) NS 3.37 (0.70-7.38) NS
Response to preoperative chemotherapy 7.28 (1.08-15.11) 0.01 8.25 (1.11-17.99) 0.006
Metastasis status 6.44 (0.96—13.62) 0.02 6.92 (1.00-14.06) 0.01
Recurrence status 3.26 (0.68-7.02) NS 3.59 (0.71-7.83) NS
Abbreviations: Cl, confidence interval; NS, not significant; RR, relative risk.
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Discussion

Identifying novel predictors for screening osteosarcoma
patients with invasive potentials and poor prognosis is signifi-
cantly crucial. In the current study, we conducted a hospital-
based case study and first examined the expression patterns
of three members of the Kindlin protein family. According
to our immunohistochemical observations, quantitative real-
time PCR and Western blot analysis, Kindlin-1, Kindlin-2 and
Kindlin-3 proteins were, respectively, localized in cytoplasm,
nucleus, and cytoplasm of tumor cells, and all were aberrantly
expressed in primary osteosarcoma tissues compared with
adjacent noncancerous controls. Second, the overexpressions
of Kindlin-1 and Kindlin-2 proteins were both significantly
associated with high tumor grade, presence of metastasis
and recurrence, and poor response to chemotherapy. More
interestingly, Kindlin-1 and Kindlin-2 expressions were both
identified as independent prognostic factors for overall and
disease-free survivals of osteosarcoma patients. However, no
associations were observed between Kindlin-3 expression and
various clinicopathologic features and patients’ prognosis.

Members of the Kindlin protein family function as the regu-
lators for the activation of integrins, which have been reported
to be transmembrane adhesion receptors and to play crucial
roles in promoting fundamental developmental, physiologi-
cal and pathological processes.®® Due to the links to integrin
function, Kindlin proteins have attracted much attention in
the research field of the cell-matrix adhesion and signaling
community.®® Kindlin proteins, as evolutionarily conserved
focal adhesion, all contain 4.1 protein, ezrin, radixin, moesin
domain, which is responsible for their interactions with integ-
rins and signal transduction, and pleckstrin homology domain.?
Kindlin proteins are observed to have different subcellular
localizations.?* In tumor cells of human osteosarcoma tissues,
our immunohistochemistry analysis confirmed for the first
time that Kindlin-1 protein was diffusely present throughout
the cytoplasm, Kindlin-2 was predominantly found in nucleus
and Kindlin-3 was localized on the cytoplasm.

Different subcellular localizations imply that Kindlin
proteins may exert various functions during cancer progression.
Focal adhesion proteins, such as focal adhesion kinase and
migfilin, have been reported to interact with Kindlin-1, which
subsequently link integrins and signal pathways to reorganize
the actin cytoskeletion and to be involved in carcinogenesis
and cancer progression.” Overexpression of Kindlin-1 at both
mRNA and protein levels was observed in breast cancer, which
was also related to the occurrence of primary tumors and lung
metastasis;’ Kindlin-1 mRNA was highly expressed in various
pancreatic cancer cells compared with normal pancreatic epithe-
lial cells and cancer-associated fibroblasts, implying its potential

as a promising biomarker for pancreatic carcinogenesis.'
Consistently, we here confirmed the overexpression of Kind-
lin-1 protein in osteosarcoma tissues using a large study group
and also demonstrated its strong correlation with advanced
clinicopathologic characteristics and poor prognosis in patients
with osteosarcoma. Kindlin-2 (also named as mitogen inducible
gene-2, Mig-2), functions as a scaffold protein to enhance Talin
mediated integrin activation.”® Growing evidence shows the
involvement of Kindlin-2 in cancer progression. For example,
Guo et al”’ indicated that Kindlin-2 may participate in epidermal
growth factor receptor signaling and its depletion may impair
epidermal growth factor-induced cell migration; Gong et al*®
revealed that Kindlin-2 may control prostate cancer cell sen-
sitivity to cisplatin; Ren et al* showed the downregulation of
Kindlin-2 in colorectal carcinoma tissues, and its overexpres-
sion may inhibit cell proliferation and migration, whereas its
knockdown may promote the tumorigenicity of cancer cells in
vitro, and in vivo, and Yu et al'* reported that Kindlin-2 may
promote breast cancer invasion via epigenetic silencing of the
microRNA-200 gene family. Here, our data demonstrated that
the overexpression of Kindlin-2 protein was significantly asso-
ciated with high tumor grade, the presence of metastasis and
recurrence, poor response to chemotherapy and patients’ unfa-
vorable prognosis. These findings suggest that Kindlin-2 plays
different roles in human cancers, with a cancer-specific manner.
Kindlin-3, also known as Mig-2B and FERMT?3, functions as
a regulator in the control of hemostasis and thrombosis.*® A
large number of previous studies have observed that Kindlin-3
expression was significantly decreased in several cancer types
such as melanoma, breast, and lung, when compared with
the normal tissue counterparts.”*'® Similarly, our data also
confirmed the downregulation of Kindlin-3 in human osteo-
sarcoma tissues. Functionally, Kindlin-3 knockdown in breast
cancer and melanoma models in vivo may markedly increase
metastasis formation, in accord with the in vitro increase of
tumor cell malignant properties, implying its tumor suppressive
roles in these malignancies.'¢ However, our statistical analyses
based on clinical data did not found any significant associations
between the abnormal expression of Kindlin-3 protein and
various clinicopathologic characteristics and clinical outcome
of osteosarcoma patients, hence these results need further
validation based on other independent clinical cohorts.

In conclusion, the expression levels of the three members
of the Kindlin protein family are all abnormal in osteosarcoma
tissues. Among them, the aberrant expression of Kindlin-1
and Kindlin-2 proteins may be closely correlated with the
aggressive progression and poor prognosis of patients with
osteosarcoma, implying the two Kindlin proteins might be
promising therapeutic targets for improving the clinical
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outcome of this malignancy. However, the follow-up time
of this clinical cohort was relatively short, which may lead
to some unexpected results, for example, tumor grade was
not identified as a prognostic factor in our survival. Thus,
further studies based on independent clinical cohorts with
long-term follow-up are required.
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