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Abstract: Multidrug resistance is the main cause of chemotherapy failure and death in
patients with advanced ovarian cancer. Drug resistance is a problem that must be solved to
improve the survival rate of patients with advanced ovarian cancer. The RNA-binding
protein La and the La-related protein family are highly expressed in various malignant
tumors, including ovarian cancer. This article reviews the mechanisms of La protein in
tumorigenesis, development, and drug resistance. High La protein expression in tumor
cells promotes tumor proliferation, invasion, and migration; disrupts cell cycle; and inhibits
tumor cell apoptosis caused by chemotherapeutic drugs through various pathways, resulting
in chemotherapy resistance in ovarian cancer. Further study of the role of La protein in
ovarian cancer multidrug resistance may be conducive to the development of human La
protein-specific inhibitors that suppress ovarian cancer drug resistance.
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Introduction
Ovarian cancer is the most common cause of gynecological cancer-related death.
Approximately 240,000 new cases of ovarian cancer are diagnosed each year,
leading to 140,000 deaths from the disease.’

based chemotherapy are the main treatments for ovarian cancer. In the past 40

At present, surgery and platinum-

years, advancements in surgery and chemotherapy have only slightly improved
ovarian cancer treatment outcomes. For example, in the United States, the 5-year
survival rate for ovarian cancer has increased from 40% in 1985 to 45% in 2015
(the 5-year survival rate for breast cancer in the same year was 90%).> Ovarian
cancer treatment resistance is one of the main reasons for its high mortality.?
Eighty percent of women respond well to initial treatment with platinum drugs,
but almost all patients will experience multiple disease relapses, and the disease-
free interval time becomes increasingly shorter, to the point that ovarian cancer will
eventually become platinum-resistant, leading to the death of most ovarian cancer
patients.*> Successful ovarian cancer treatment requires overcoming the resistance
to standard platinum-based therapies, but the development of such resistance is
almost inevitable.

In recent years, poly-ADP-ribose polymerase (PARP) inhibitors have been
identified as new first-line and neoadjuvant chemotherapy drugs for treatment of
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ovarian cancer that results from homologous recombina-
tion (HR) DNA repair pathway defects. Among them,
olaparib, niraparib, and rucaparib have been approved
for treatment of recurrent epithelial ovarian cancer.
However, BRCAI/2 gene mutations and defects in
other genes that affect DNA damage repair (such as
RADSIC, RADSID, BIRPI, and PALB2) will lead to
resistance to PARP 6
Moreover, clinical studies have shown that the objective

inhibitors in ovarian cancer.
response rate of the PARP inhibitor olaparib in long-
term ovarian cancer treatment is lower than expected,
the therapeutic effect of PARP inhibitors is difficult to
sustain over the long term,’ the response rate to further
treatment after cancer progression is low, and there is
cross-resistance to platinum, paclitaxel, and other che-
motherapy drugs.® This multidrug resistance (MDR) is
the main reason chemotherapy fails in advanced ovarian
cancer.” A variety of mechanisms are related to MDR in
ovarian cancer, including 1) changes in apoptosis, cell
cycle and DNA damage and repair mechanisms; 2) the
activation and maintenance of cancer stem cells
(CSCs); 3) changes in the drug efflux system, drug
metabolism, and drug target structure; and 4) changes
in cell membrane composition and epithelial mesenchy-
mal transition.'®"!

The RNA-binding protein La and the La-related pro-
tein (LARP) family are highly expressed in various malig-
nant tumors and are related to tumor cell proliferation,
invasion, migration, and apoptosis; cell cycle changes;
and the expression and maintenance of CSC-like traits in
ovarian cancer. La protein and the LARP family may be
involved in ovarian cancer occurrence and progression and
the mechanism of MDR; thus, they might become targets
of specific inhibitors to mitigate ovarian cancer progres-
sion and drug resistance.

La module

Genuine LA (LARP3/SSB)
Homo sapiens

The Structure of La Protein

La protein, also known as Sjogren’s syndrome antigen
B (SSB), is a multifunctional RNA-binding protein con-
taining 408 amino acids that is conserved in almost all
eukaryotes, playing important functions in RNA proces-
sing and metabolism.'? La protein binds RNA through its
La motif (LAM), RNA recognition motif 1 (RRM1), and
noncoding RRM2. RRM2 is located at the characteristic
C-terminal extension of the mammalian La protein. The
C-terminal region of La protein also contains a nuclear
localization signal, nucleolar localization signal, nuclear
retention signal, and RNA chaperone domain. Moreover,
the LAM can be combined with other motifs to form other
LARPs, such as LARP1."® Domain organizations among
La protein and LARP1 are shown in Figure 1. La protein
primarily localizes to the nucleus and nucleolus and can
also shuttle between the cytoplasm and nucleus.'* The
relative molecular weight of La protein is 47 kD, and La
is involved in all levels of RNA metabolism.

Functions of La Protein

La protein can specifically bind the terminal motif UUU-
3'0OH of RNA polymerase III transcripts to promote RNA
18,19

biosynthesis, protecting them from exonuclease degrada-
tion. La protein promotes the production of tRNAs and
processes the 5’ and 3' ends of the pre-tRNA precursors to
act as an RNA chaperone protein. La protein binds to specific
types of RNA molecules to regulate their downstream pro-
cessing, prevent misfolding, and promote the correct folding
and maturation of transcripts.'>'*?® La protein is also
involved in the translation process mediated by the internal
ribosome entry site (IRES) in mRNAs.*'** IRES-mediated
protein translation is initiated during cellular stress and apop-
tosis. Under stress conditions, the translation of capped
eukaryotic mRNAs is downregulated. However, IRES

408

LARP1
Homo sapiens

Figure | Domain organizations among La protein and La-related protein | (LARPI).

1096

Abbreviations: LARPI, La-related protein I; RRM, RNA recognition motif; NRE, nuclear retention element;'® SBM, short basic motif for recognition of 5’ pppG of nascent
RNA and nucleolar localization;'® Ser366,a site for regulatory phosphorylation; NLS, nuclear localization signal;'> RRMs, a peculiar La-module in LARPI as its RRMI

moiety;'® DMI5, a highly conserved C-terminus in LARPI.'”
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elements can offset this downregulatory mechanism by pro-
moting translation, allowing survival of cells under stress
conditions and mediating drug resistance of cancer cells.??

La protein and LARP1 are highly expressed in multiple
malignant tumors, including ovarian cancer, and are related to
the clinical tumor, node, metastasis (TNM) stage of the
tumors, the presence of lymph node metastasis, and the
degree of cancer cell differentiation. They play important
roles in the translation regulation of cancer cell tumor-
promoting factors.”*?® La protein can promote the tumori-
genicity of cancer cells, disrupt cell cycle, and promote tumor
cell proliferation, migration, and invasion.”* Moreover, high
LARPI expression predicts a poor prognosis in ovarian can-
cer patients.”” As shown in Figure 2, La protein plays a role
in many aspects of the development of malignant tumors.

La Protein and B-Catenin

The expression of B-catenin depends on the level of cellular
La protein. Elevated La protein content can directly stimu-
late the translation of B-catenin mRNA or stimulate the
positive regulators of P-catenin expression.”’ B-Catenin
plays an important role in the proliferation and metastasis
of ovarian cancer cells.*® p-Catenin is a component of the
adhesion junction in the cell membrane that regulates cell-
cell adhesion and can also enter the nucleus after Wnt signal
activation and upregulate tumor-promoting genes.*' Wnt/p-

Clonogenicity,
tumorigencitiy?

catenin signaling is significantly associated with ovarian
cancer occurrence, tumor growth, tumor metastasis, tumor
dormancy, tumor immunity, and maintenance of CSC
traits.>> The Wnt/B-catenin signaling pathway upregulates
the expression of cell cycle-related proteins, such as cyclin
B1 and cyclin C, to promote the occurrence and develop-
ment of cancer.*® La protein may promote ovarian cancer
cell proliferation, differentiation, survival, adhesion, migra-
tion, invasion, and tumor growth in nude mice through the
Wnt/B-catenin pathway.*’

La Protein and X-Linked Inhibitor of

Apoptosis Protein (XIAP)

XIAP is a member of the inhibitor of apoptosis (IAP)
family of proteins and an inhibitor of endogenous and
exogenous apoptosis. Overexpression of XIAP is inti-
mately associated with the progression, recurrence, prog-

resistance  to
34

nosis, tumor aggressiveness, and
chemotherapy and targeted therapy in ovarian cancer.
XIAP translation is controlled by the IRES element
located 162 nt upstream of the start site in the XIAP 5’
untranslated region (UTR). IRES-mediated XIAP trans-
lation is crucial to the role of XIAP in apoptosis. La

protein is an essential component of the XIAP IRES

ribonucleoprotein

complex. La protein specifically

Survival and
drug resistance?

SOX2, OCT4, NANOG
ALDH activity?

CCND11
B-catenin?
MDM21

CSC-like
propertiest

Figure 2 Roles of La protein as a tumor promoter and multidrug resistance agent.

Oncogenic insult

Abbreviations: Bcl2, B-cell lymphoma 2; BIK, Bcl2 interacting killer; XIAP, X-linked inhibitor of apoptosis protein; CCNDI, cyclin DI; MDM2, murine double minute 2;

ALDH, aldehyde dehydrogenase; CSC, cancer stem cell.
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binds to the XIAP IRES sequence and interacts with
XIAP IRES to form the core of the ribonucleoprotein
complex. La protein enhances IRES-dependent transla-
tion of the apoptosis inhibitor XIAP to upregulate its
expression.>’

La Protein and Murine Double Minute 2
(MDM2)

La protein activates translation of MDM2 mRNA by bind-
ing to the 5" UTR of MDM2 mRNA.*®* MDM2 is highly
expressed in ovarian cancer cells. MDM2 can bind to the
N-terminal domain of p53, inhibit 7P53 gene transcrip-
tion, and amplify itself without regulation, eventually lead-
ing to the occurrence of malignant tumors.>’ p33 is
a tumor suppressor involved in various cellular mechan-
isms, including DNA repair, apoptosis, and cell cycle
arrest. The p53 protein expression level is controlled by
MDM2. p53 prevents tumor growth in ovarian cancer
progression, and thus, any loss of p53 function will con-
tribute to the development of ovarian cancer. Type II
ovarian cancer is a highly aggressive type of ovarian
cancer and includes advanced serous carcinoma, undiffer-
entiated carcinoma, and carcinosarcoma. Almost all of
these ovarian cancer types have TP53 mutations and geno-
mic instability.’

La Protein and G1/S-Specific Cyclin DI
(CCNDI)

Abnormally overexpressed La protein stimulates IRES-
mediated translation of G1/S-specific CCND1 mRNA by
regulating the CCND1 gene.>® CCNDI regulates cell cycle
progression from G1/S phase. Overexpression of CCND1
may significantly shorten the G1-S phase interval and
accelerate cell proliferation, even causing it to speed out
of control.*® La protein is necessary for cell proliferation,
and depletion of La protein at any cell cycle stage will cause
cell cycle arrest. La protein binds to CCND1 mRNA and
acts as a molecular chaperone, allowing the internal ribo-
somes to enter the IRES translation process and thereby
increasing CCND1 expression, disrupting cell cycle pro-
gression, and eventually affecting cell proliferation.*
Overexpression of CCNDI1 has been correlated with
a shortened survival time of cancer patients and increased
cancer cell metastasis in ovarian cancer.’’ Silencing
CCND1 will damage DNA double-strand break repair,
weaken olaparib resistance in ovarian cancer, and sensitize
BRCAI-wild-type ovarian cancer cells to olaparib.*'

Anti-Apoptotic Effect of La Protein

La protein can promote expression of the pro-apoptotic
protein B-cell lymphoma 2 (Bcl2),** and this overexpres-
sion helps tumor cells develop resistance to cisplatin-
induced apoptosis. La protein tightly binds to the translation
initiation site of Bcl2 and unwinds and embeds itself into
the secondary structure of the translation initiation site
through its chaperone activity to stimulate Bc/2 5" UTR-
driven expression. Bcl2 is an important anti-apoptotic onco-
protein that promotes chemotherapy resistance in ovarian
cancer and is associated with patient prognosis. Low La
protein expression is associated with low Bcl2 protein
expression and high cisplatin sensitivity and can increase
the sensitivity of tumor cells to cisplatin therapy. La can
stimulate Bcl2 mRNA translation and promote cisplatin
resistance during cisplatin treatment. Moreover, the expres-
and thus, La
depletion will simultaneously reduce Bcl2 and XIAP

sion of XIAP is regulated by La protein,*”

expression.*? Inhibition of XIAP can promote carboplatin-
induced apoptosis of ES2 and 3A0 ovarian cancer cells,
thereby reducing their carboplatin resistance.*’

An increase in La protein expression can directly sti-
mulate upregulation of B-catenin,® and La protein is
a substrate of Akt."® Wnt/B-catenin and the phosphatidyli-
nositol 3-kinase (PI3K)/Akt pathway are important in
ovarian cancer development. These two pathways are
interconnected at multiple levels and involve multiple
upstream and downstream common effectors. Glycogen
synthase kinase 3B (GSK-3pB) plays an important role in
triggering P-catenin instability. PI3K/Akt signaling can
regulate the f-catenin level by influencing GSK-3
activity.** ¢ In turn, Wnt/B-catenin signaling can affect
the PI3K/Akt signaling pathway through the Wnt receptor
Frizzled.*” These findings have led to the hypothesis that
the Wnt/B-catenin and PI3K/Akt pathways may be com-
bined therapy targets of ovarian cancer inhibitors.*®
Oncogenic mutations in the PI3K/Akt pathway are
among the most common changes in cancer.*’ Activation
of the PI3K/Akt-NF-«kB-IAP pathway inhibits the apop-
tosis of ovarian cancer cells induced by cisplatin and
programmed cell death protein 1 (PD-1) inhibitor, result-
ing in cisplatin and PD-1 inhibitor drug resistance in
ovarian cancer.’® In one study on 655 ovarian cancer
patients, the average PI3K, Akt, and NF-xBl mRNA
expression levels were increased, and the high expression
level of this pathway was associated with a lower overall
survival rate.”’ We speculate that La protein may lead to
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inhibition of chemotherapy drug-induced apoptosis of
ovarian cancer cells through Wnt/B-catenin and PI3K/
Akt-NF-kB-IAP signaling.

Like La protein, LARP1 is associated with ovarian
cancer cell apoptosis through a similar mRNA translation
regulatory mechanism. After LARP1 knockdown, the
mRNA levels of survival genes, such as Bcl2, Erbb3, and
Akt3, are significantly reduced, while the expression of pro-
apoptotic genes, including Bik (Bcl2 interacting killer), Tnf’
(tumor necrosis factor), and Dapk2 (death associated pro-
tein kinase 2), are increased. LARPI is a component of the
Bcl2 messenger ribonucleoprotein (mRNP) complex, and
its DM15 domain binds to the Bc/2 3' UTR to enhance the
stability of Bcl2 transcripts. LARP1 can also form an mRNP
with Bik, which encodes a pro-apoptotic protein. LARPI
exerts a binary effect on Bc/2 and Bik, stabilizing Bcl2 and
at the same time destabilizing Bik mRNA, with a net anti-
apoptosis effect. Since LARP1 acts as a positive and nega-
tive posttranscriptional regulator of the apoptosis regulators
Bcl2 and Bik, respectively, regulation of LARP1 expression
in ovarian cancer cells will affect the survival and platinum
resistance of these cells. Knockout of LARP1 can increase
the cisplatin-caused apoptosis of ovarian cancer cells
4-fold, thereby significantly improving the platinum resis-
tance of ovarian cancer cells.””

La Protein and CSC-Like Population in

Ovarian Cancer

Ovarian cancer occurrence and development are closely
related to CSCs. Prominent features of CSCs include self-
renewal, immortality, pluripotency, the ability to differentiate
into different tumor cell subtypes, and the ability to regulate
and balance their self-renewal and differentiation in response
to environmental and nonenvironmental stimuli, all of which
contribute to the occurrence, progression, drug resistance, and
metastasis of primary ovarian cancer.'" CSCs are usually
partially resistant to standard treatments, which is also an
important cause of ovarian cancer drug resistance. CSCs are
identified and characterized by specific cell-surface and intra-
cellular markers. Increased activity of aldehyde dehydrogen-
ase (ALDH); increased abundance of certain cell populations,
such as CD133" cells;** and high expression of certain impor-
tant embryonic stem cell-related transcription factors (such as
SOX2, OCT4, NANOG, and ¢c-MYC, which are involved in
ovarian cancer progression and drug resistance™") are asso-
ciated with an enhanced CSC-like trait in ovarian cancer.
ALDH, CD133, SOX2, OCT4, and NANOG can be used to

identify ovarian cancer CSCs."' Knockdown of LARPI results
in decreased ALDH activity, a decreased CD133" cell popula-
tion size, and decreased NANOG, SOX2, and OCT4 expres-
sion in OVCAR3 ovarian cancer cells. LARP1 promotes
several characteristics associated with CSC-like cells, namely,
clonal formation, carcinogenicity, chemotherapy resistance,
and stem cell-related gene expression.”’

Conclusion

Solving the problem of the high drug resistance rate in ovarian
cancer is urgently needed to reduce the mortality rate of
women. La protein and the LARP family may promote ovar-
ian cancer cell proliferation, invasion, and migration by pro-
moting B-catenin, MMP-2, and CCNDI expression; inhibit
ovarian cancer drug resistance by promoting Bcl2 and XIAP
expression; and inhibit ovarian cancer cell apoptosis and par-
ticipate in ovarian cancer MDR by participating in Wnt/p-
catenin and PI3K/Akt signaling. LARP1 promotes ovarian
cancer progression and drug resistance by maintaining CSC-
like traits in ovarian cancer. La protein is not only involved in
platinum resistance but may also contribute to resistance to
PARP inhibitors and PD-1 inhibitors by inhibiting apoptosis
and the PI3K/Akt pathway. Current research on the inhibition
of tumor drug resistance by La protein mainly focuses on
platinum-based chemotherapeutic drugs. We speculate that
La protein may participate in the processes of drug resistance
development in response to many anti-tumor drugs through
similar anti-apoptotic pathways. La protein is an extremely
promising target for solving the problem of drug resistance in
ovarian cancer. We believe that more research on the mechan-
ism of La protein in ovarian cancer drug resistance will pro-
vide a basis for the development of specific La protein
inhibitors and that development of these specific inhibitors
may open up new ways to overcome MDR in ovarian cancer.
Combined administration of La protein inhibitors may
improve the drug resistance caused by long-term application
of platinum drugs, PARP inhibitors, and PD-1 inhibitors and
reduce the needed doses of these drugs. These effects will help
alleviate the pain of chemotherapy, improve the efficacy of
chemotherapy, and reduce the chemotherapy cost to ovarian
cancer patients. Thus, the development of specific La protein
inhibitors may directly improve the treatment experience of
ovarian cancer patients and clinical outcomes.
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