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Expression of LRRCS8A is elevated in the cytoplasm of
osteosarcoma tissues: An immunohistochemical
study with tissue microarrays
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Abstract. The purpose of the present study was to investi-
gate the expression profile of leucine-rich repeat-containing
protein 8A (LRRC8A) in osteosarcoma and normal cortical
bone, as well as its association with sex, age and tumor malig-
nancy. Immunohistochemical staining of osteosarcoma tissue
microarrays (TMAs) was performed to determine the protein
expression of LRRC8A and compare them among different
subgroups. The expression of LRRCS8A in the nuclei and cyto-
plasm of U20S tumor cells and MC3T3-El osteoblast-like
cells was determined using reverse transcription-quantitative
PCR. Of all samples of the TMA for patients with osteo-
sarcoma that were tested, 94% featured high cytoplasmic
expression of LRRC8A, while in all normal bone tissue
control groups, the gene was mainly expressed in the nucleus.
In MC3T3-El osteoblasts, the expression of LRRC8A at the
RNA level was mainly in the cytoplasm. The difference in
expression of LRRC8A between microarrays and osteoblasts
was statistically significant. In U20S osteosarcoma cells,
LRRC8A mRNA was concentrated in the nuclei and cyto-
plasm. In osteosarcoma, the expression level of LRRC8SA was
not significantly associated with sex or age. In conclusion,
LRRC8A was highly expressed in the cytoplasm of osteosar-
coma cells and the degree of expression may be associated
with the degree of tumor malignancy.
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Introduction

Osteosarcoma is a common type of primary malignant bone
tumor (1), that occurs mostly in adolescents (2). Highly inva-
sive, it easily invades the long-growing metaphysis (3) and it
most commonly metastasizes to bone and the lungs (4). The
high mortality rate of osteosarcoma is related to systemic
metastasis (5). Despite the multimodal combination of chemo-
therapy and extensive tumor resection, the 5-year survival rate
is only 60-70% (2,6). Therefore, osteosarcoma requires further
study. Gene therapy may be a potential mode of osteosarcoma
treatment (7).

Cell volume regulation has an important role in various
cellular functions, such as cell metabolism, proliferation,
migration and death (8,9). Channel proteins on the cell
membrane regulate the cell volume by controlling the move-
ment of water and electrolytes. Although channel proteins
have been indicated to have important roles in a variety
of physiological processes, the molecular mechanisms of
volume-regulated anion channels (VRACSs) remain to be fully
elucidated (10). Leucine-rich repeat-containing 8A (LRRC8A)
is a major molecular determinant of the VRAC current, which
has been proven by previous studies (11,12).

Although the primary function of VRACsS is cell volume
regulation, they are considered potential targets for cancer
therapy in view of their important roles in cell proliferation,
migration and apoptosis of both normal and cancer cells (13-15).
LRRCS8A has been isolated from and identified in patients
with congenital gammaglobulinemia (16). It was reported to
be involved in inflammation by supporting TNF-a-induced
superoxide production in vascular smooth-muscle cells (17).
In glioblastoma, downregulation of LRRC8A inhibits
proliferation and increases sensitivity to temozolomide and
carmustine (18). In colon cancer, LRRC8A was determined
to be highly expressed and it was indicated to promote the
growth and metastasis of cancer cells (19). In ovarian cancer
and alveolar-cell carcinoma, a decrease in LRRC8A may
be a factor affecting cisplatin resistance (20,21). However,
the expression of LRRC8A in osteosarcoma has remained
elusive. Therefore, in the present study, the expression profile
of LRRC8A in osteosarcoma was determined using tissue
microarrays (TMAs) and immunohistochemistry (IHC).
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The expression of LRRCS8A in the nuclei and cytoplasm of
U20S tumor cells and MC3T3-E1 osteoblast-like cells was
determined using reverse transcription-quantitative (RT-q)
PCR.

Materials and methods

TMAs and pathology. Paraffin-embedded tumor TMAs
(cat. no. BO481a) were purchased from US Biomax, Inc.
Specimens on the TMAs were from 40 patients (18 with
osteosarcoma, 19 with chondrosarcoma and 3 with giant-cell
tumors of the bone) and 8 healthy subjects (6 of marginal bone
and bone marrow tissue, 2 of cartilage tissue). Osteosarcoma
grades IA-IIB and chondrosarcoma were classified into lowly
differentiated, moderately differentiated and well-differenti-
ated tissues. There were a total of 96 tissue samples on the
microarray, 2 from each patient.

IHC.TMAs were routinely dewaxed with xylene and hydrated
with an alcohol gradient. They were then subjected to antigen
retrieval using a 0.01 M sodium citrate buffer (pH 6.0,
95°C for 15 min). Endogenous peroxidase was blocked
with 3% H,0,-methanol for 10 min at room temperature.
The TMAs were then incubated with normal goat serum
(UltraSensitive™ SP; KIT-9720; MAXIM) for 10 min at room
temperature to block non-specific binding. Subsequently,
samples were incubated overnight with ready-to-use primary
antibody (UltraSensitive™ SP; KIT-9720; MAXIM) at 4°C
according to manufacturer's method. After three washes
with PBS, the TMAs were incubated with biotinylated goat
anti-mouse/rabbit immunoglobulin G secondary antibody
(UltraSensitive™ SP; KIT-9720; MAXIM) for 10 min at room
temperature, according to manufacturer's method. Next, the
TMAs were incubated with streptavidin-peroxidase for 10 min
at room temperature. Finally, blots were visualized using
diaminobenzidine (DAB)/ACE (DAB color development kit;
MAXIM) for 10 min and the development was stopped by
adding distilled water (according to manufacturer's method).

Imaging and data analysis. IHC staining images were
acquired using an Olympus BX60 microscope (Olympus
Corp.) equipped with a Leica DP70 digital camera (Leica
Microsystems). A pathologist (double-blinded) scored
staining using the previously described four-point system
(score 0-3) (22) as follows: Score 3, dark staining that was
easily visible and present in >50% of cells; score 2, focal areas
of dark staining (<50% of cells) or moderate staining in >50%
of cells; score 1, focal moderate staining in <50% of cells, or
pale staining in any proportion of cells not easily observable
at low power; and score 0, none of the above. A high level of
expression was defined as a score of 2-3 and a low level as a
score of 0-1, as described previously.

Cell culture. The osteosarcoma cell line U20S (Cell Bank
of the Chinese Academy of Sciences) and the osteoblast-like
cell line ME3T3-El1 (Cell Center, Institute of Basic Medicine,
Chinese Academy of Medical Sciences) were cultured in
DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and double antibodies (1% penicillin and streptomycin).

The medium was changed every 2-3 days and the culture
conditions in a humidified atmosphere (37°C and 5% CO,).
When the cell confluence reached 80-90%, the cells were used
for the experiments.

RT-gPCR. A Cytoplasmic and Nuclear Ribonucleic Acid (RNA
Purification Kit; (Norgen Biotek Corp.) was used to separate
and extract cytoplasmic and nuclear RNA from U20S and
MC3T3-El1 cells. They were immediately reverse-transcribed
to complementary (c)DNA using an PrimeScript™ RT reagent
kit (cat. no. RRO37A; Takara Bio, Inc.), according to the manu-
facturer's protocol. The amplification reaction conditions were
42°C for 2 min and a hold at 4°C. RT conditions were 37°C
for 15 min, 85°C for 5 sec and a hold at 4°C. Subsequently,
gPCR was performed by using the kit (PrimeScript™ RT
reagent kit; cat. no. RR037A; Takara Bio, Inc.) on the extracted
c¢DNA, according to the manufacturer's protocols. SYBR®
Premix Ex Taq™ II (cat. no. RR820A; Takara Bio, Inc.)
was used to perform qPCR. The reaction conditions were as
follows: Step 1, 95°C for 10 sec; Step 2, 95°C for 5 sec and
60°C for 30 sec, the cycle was repeated for 40 times; and
Step 3,95°C for 15 sec, 60°C for 60 sec and 95°C for 15 sec.
GAPDH was used as the internal reference gene. The primers
were as follows: GAPDH forward, 5-GGCACAGTCAAG
GCTGAGAATG-3' and reverse, 5S-ATGGTGGTGAAGACG
CCAGTA-3'; LRRC8A forward, 5"-TCACAGCCAATAGGA
TTGAAGC-3" and reverse, 5'-CCTAGCCCAGTGCCAATA
AG-3'. Ribozyme-free operation was ensured throughout the
process. The 2244 method was used to determine the relative
expression levels of LRRCSA (23).

Statistical analysis. Data were compared between groups
using a % or Student's t-test. SPSS software version 21.0
(IBM Corp.) was used for all analyses. All P-values were
two-tailed and P<0.05 was considered to indicate statistical
significance.

Results

Subcellular localization of LRRCSA. THC analysis suggested
that LRRCS8A was present in the nuclei and cytoplasm of osteo-
sarcoma and giant-cell tumor cells (Fig. 1A-D). In normal bone
tissues, it was mainly expressed in the nucleus (Figs. 1G and 2).
In MC3T3-El osteoblasts, the expression of LRRC8A at the
RNA level was mainly in the cytoplasm and the difference was
statistically significant (Fig. 2). In U20S osteosarcoma cells,
the expression of LRRCSA at the RNA level was expressed in
the nuclei and cytoplasm and the difference was not statistically
significant (Fig. 3). The expression level of LRRC8A was rela-
tively low in chondrosarcoma and cartilage tissues. However,
the expression was slightly higher in poorly differentiated
chondrosarcoma (Fig. 1E, F and H).

Expression of LRRCSA in the cytoplasm of bone tumors.
Levels of LRRC8A immunoreactivity in the cytoplasm were
compared between normal tissues and bone tumors. 18 osteo-
sarcoma tissue samples on the TMA, 94% (17/18) exhibited
high levels of LRRC8A expression in the cytoplasm (score 2-3;
Fig. 1A-C), whereas six bone tissue samples did not. The
cytoplasm of osteosarcoma samples had significantly higher
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Figure 1. Representative immunohistochemical staining for LRRC8A in normal and bone tumors. Enlarged windows (scale bar, 20 pm) of the areas indicated
by arrows are presented in the upper-right corner of each subfigure. LRRC8A was (A) highly expressed in the cytoplasm in stage A osteoblastic osteosarcoma;
(B) highly expressed in the cytoplasm in stage IIB osteoblastic osteosarcoma; (C) highly expressed in the cytoplasm in stage IIB fibroblastic osteosarcoma; and
(D) highly expressed in the cytoplasm in grade II giant-cell tumors of the bone. (E) Well-differentiated chondrosarcoma. (F) Poorly differentiated chondro-
sarcoma. (G) In normal bone tissue, LRRC8A was highly expressed in the nucleus, while its expression in the cytoplasm was low. (H) Normal cartilage tissue

(scale bars, 100 gm). LRRC8A, leucine-rich repeat-containing protein 8A.

levels of LRRCS8A than that of normal bone tissues (P<0.001;
Fig. 4A). Of the 19 chondrosarcoma samples, 16% (3/19) had
high levels of LRRC8A (Fig. 4B); overall, the expression of
LRRC8A in chondrosarcoma tissue did not significantly differ
from normal cartilage tissue (P>0.05; Fig. 4B). Osteosarcoma
samples had high levels of LRRCS8A in the cytoplasm, differing
significantly from chondrosarcoma samples with this regard

(P<0.001; Fig. 4C). Compared with those of normal bone
tissue, the cytoplasmic LRRCS8A levels of giant-cell tumors
of the bone were significantly increase (P<0.05; Fig. 4D). In
addition, although the number of cases with tumor staging
was insufficient, it may be observed from Fig. 1 that a higher
grade of osteosarcoma was paralleled by a higher cytoplasmic
expression level of LRRCS8A.
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Figure 2. (A) Representative immunohistochemical staining of tissue microarrays was used to detect LRRC8A expression in normal bone tissue (scale
bar, 100 zm). An enlarged window (scale bar, 20 ym) of the area indicated by the arrow is presented in the upper-right corner. (B) Reverse transcription-quan-
titative PCR was performed to detect LRRC8A expression at the RNA level in the nuclei and cytoplasm of MC3T3-E1 osteoblast-like cells. In MC3T3-El
osteoblast-like cells, LRRC8A is mainly expressed in the nucleus. "P<0.05. LRRC8A, leucine-rich repeat-containing protein 8A.
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Figure 3. (A) Immunohistochemical staining of tissue microarrays was used to detect LRRC8A expression in osteosarcoma tissue (scale bar, 100 ym). An
enlarged window (scale bar, 20 ym) of the area indicated by the arrow is presented in the upper-right corner. (B) Expression of LRRC8A in the nuclei and
cytoplasm of U20S cells was detected using reverse transcription-quantitative PCR. Compared with MC3T3-El osteoblast-like cells, there is no significant
difference in the expression of LRRC8A in the cytoplasm and nucleus of osteosarcoma cells. LRRC8A, leucine-rich repeat-containing protein 8A.

Sex-associated differences in LRRC8A in bone tumors.
The occurrence of bone tumors is sex-dependent; osteo-
sarcoma and chondrosarcoma occur more frequently in
males than in females (24,25). Therefore, in the present
study, the expression of LRRC8A was compared between
bone tumors from males and those from females. Of the
40 patients with bone tumors, samples with high cytoplasmic
LRRCS8A levels accounted for 61% (14/23) of males and
53% (9/17) of females and there was no significant differ-
ence between sexes (P>0.05; Fig. 5A). Of the 18 patients
with osteosarcoma, only 1 (a male) had low expression of
LRRCS8A, while the remainder (9 males and 8 females) had
high expression of LRRC8A, with no sex-related difference
(P>0.05; Fig. 5B). Of the 19 patients with chondrosarcoma,
only 3 males had high expression of LRRC8A and the other
16 patients (8 males, 8 females) had low expression thereof.
Therefore, no sex-related differences in LRRC8A expression
were detected (P>0.05; Fig. 5C).

Age-associated differences in LRRCS8A in bone tumors. As the
incidence of bone tumors also differs by age (26); the effect of
age on LRRC8A immunoreactivity in bone tumor tissues was
also investigated. Among all bone tumor patients, the average
age was 32.4 years. The percentage of samples with high cyto-
plasmic expression of LRRC8A was 33% (6/18) among those

from patients aged =32.4 years and 77% (17/22) among those
from patients aged <32.4 years. Statistical analysis indicated a
significant difference between these two age groups (P<0.05;
Fig. 6A). Among the 18 patients with osteosarcoma, the average
age was 27.1 years. In patients aged =27 years, 100% had high
expression of LRRC8A and in the group aged <27 years, 89%
had high expression of LRRC8A. Statistical analysis indicated
no significant difference between these two age groups (P>0.05;
Fig. 6B). Among the 19 cases of chondrosarcoma, the average
patient age was 37.5 years. Only one patient aged =37.5 years
and two patients aged <37.5 years had high levels of LRRC8A
and statistical analysis indicated no significant difference
between these two age groups (P>0.05; Fig. 6C).

Discussion

The results of the TMA of the present study indicated that
LRRCS8A was expressed in the cytoplasm and nuclei of
osteosarcoma cells, while it was mainly expressed in the
nuclei of normal bone tissue cells. To verify this phenomenon,
RT-qPCR was used to analyze the expression of LRRCS8A in
the nuclei and cytoplasm of U20S osteosarcoma cells and
MC3T3-E1 osteoblast-like cells and the results were consistent
with the THC results. Analysis of the IHC images suggested
that a higher degree of malignancy in osteosarcoma was
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Figure 4. Statistical analysis of the LRRC8A immune response in normal bone and bone tumors. (A) Percentage of samples with high cytoplasmic LRRC8A
levels in normal bone tissue vs. osteosarcoma tissues. (B) Percentage of samples with high LRRC8A levels in normal cartilage tissue vs. chondrosarcoma
tissue. (C) Percentage of samples with high LRRCS8A levels in osteosarcoma tissue vs. chondrosarcoma tissue. (D) Percentage of samples with high cyto-

plasmic LRRC8A levels in normal bone tissue vs. giant-cell tumor of bone. "P<0.05; ““P<0.001 vs. normal; y* or Fisher's exact test. LRRC8A, leucine-rich
repeat-containing protein 8A.

Carcinoma

>

Osteosarcoma

oe]

Chondrosarcoma

@)

— == Low — - = Low
2 == High & & = High
g g g
= B het
5 3 5
o o a
0
Male Female Male Female Male Female

Figure 5. Sex-related analysis of immunoreactivity of LRRC8A in cytoplasm of bone tumors. Comparison of the distribution of samples with high and low

expression of LRRC8A between sexes in (A) bone tumors, (B) osteosarcoma tissues and (C) chondrosarcoma tissues. No significant sex-related differences
were detected. LRRC8A, leucine-rich repeat-containing protein 8A.
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Figure 6. Age-dependent analysis of immunoreactivity of LRRC8A in cytoplasm of bone tumors. Comparison of the distribution of samples with high and low
expression of LRRC8A between different age groups in (A) bone tumors, (B) osteosarcoma tissues and (C) chondrosarcoma tissues. The average age in the
respective group was used as the cutoff. Ages are presented in years. Among all bone tumor samples tested, LRRC8A expression was higher in patients aged
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paralleled by a higher expression of LRRC8A; furthermore, osteosarcoma grade). The present results also suggested that
a lower degree of differentiation in chondrosarcoma was also  in osteosarcoma, the expression of LRRC8A was independent
associated with higher expression of LRRCSA (due to the low  of sex and age. However, in all bone tumor samples, younger
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patients exhibited higher levels of LRRC8A expression
(P<0.05). The results suggested that LRRC8A was increased
in the cytoplasm of osteosarcoma cells as compared with that
of normal bone tissue. The expression of LRRCS8A in bone
tumor cells was preliminarily verified at the RNA and protein
levels. It was previously reported that LRRC8A is mainly
expressed on the cell membrane of colon cancer cells (19).
The limitations of the present study were as follows: The
expression of LRRCS8A in osteosarcoma and normal bone tissue
at the RNA level was studied using U20S osteosarcoma cells and
MC3T3-El osteoblast-like cell lines. LRRC8A expression was
did not quantitatively analyzed at the protein level in either osteo-
sarcoma or bone cells. In addition, the expression of LRRC8A
was not quantified in tissues from patients and healthy volunteers
and the use of 2 different cell lines is not sufficient. The subcel-
lular expression and functions of LRRC8A in osteosarcoma
require further study. For instance, the whole-cell patch-clamp
technique may be used to record the current difference between
osteosarcoma cells and normal bone cells (19). After blocking
the LRRC8A chloride channel with small interfering (si)RNA
or 4-(2-Butyl-6,7-dichloro-2-cyclopentylindan-1-on-5-yl)
oxybutyric acid inhibitor, the difference in the change of the
chloride current may be observed in order to investigate the
function of the LRRCS8A chloride channel in osteosarcoma. In
recent years, the role of LRRC8A in cancer has been researched.
Knockdown of LRRCS8A in glioblastoma reduced cell prolifera-
tion and increased the sensitivity of the cells to temozolomide
and carmustine (18). After knockout of LRRC8A in HCT116
colon cancer cells, the chloride current and cell migration were
significantly inhibited and the incidence of tumors in nude mice
was also significantly reduced (19). In cisplatin-insensitive cells,
transient downregulation of LRRC8A reduced p53 activation
and contributed to cisplatin resistance in ovarian and lung cancer
cells (20). A study by Konishi e al (27) suggested that LRRCSA
is of great significance to the proliferation, survival and migra-
tion of esophageal squamous-cell carcinoma (ESCC) cell lines.
High expression of LRRC8A was determined to be an indicator
of poor prognosis in ESCC (27). Lu ez al (28) indicated that in
the process of cerebrovascular remodeling induced by angio-
tensin II, the expression of LRRC8A in human-brain vascular
smooth-muscle cells (HBVSMCs) increases. In addition,
siRNA-mediated knockout of LRRCS8A significantly inhibited
the proliferation, migration and invasion of HBVSMCs (28).
The above studies pointed out that high expression of
LRRC8A increases cell proliferation, migration and invasion,
whether in normal or tumor cells. However, completely reducing
the expression of LRRC8A in the cells of animals may nega-
tively affect the proliferation and migration of normal cells. For
instance, LRRC8A has an important role in the development
and function of T cells (29,30). This said, the location, roles and
mechanisms of LRRC8A in cells remain to be fully elucidated.
Therefore, the subcellular distribution of LRRCS8A in cells and
the functions of different parts require to be further studied.
Whether the subcellular distribution and physiological functions
of LRRCB8A differ between normal rapidly proliferating cells
(such as stem cells) and tumor cells also requires further study.
In conclusion, the present study suggested that LRRCSA
was more highly expressed in the cytoplasm of osteosarcoma
cells than in that of normal bone cells. The expression was also
associated with the degree of osteosarcoma malignancy. The

subcellular locations and physiological functions of LRRCSA
in normal rapidly proliferating cells (such as stem cells) and in
tumor cells require further study.
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