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Objective: Gallbladder cancer (GBC) mortality remains high and
chemoresistance is increasing. This review consolidates what is known
about the mechanisms of chemoresistance to inform and accelerate the
development of novel GBC-specific chemotherapies.

Methods: Studies related to GBC-related chemoresistance were sys-
tematically screened in PubMed using the advanced search function.
Search terms included GBC, chemotherapy, and signaling pathway.

Results: Analysis of existing studies showed that GBC has poor sen-
sitivity to cisplatin, gemcitabine (GEM), and 5-fluorouracil. DNA
damage repair-related proteins, including CHK1, V-SCR, and H2AX,
are involved in tumor adaptation to drugs. GBC-specific chemo-
resistance is often accompanied by changes in the apoptosis and
autophagy-related molecules, BCL-2, CRT, and GBCDRlnc1. CD44+

and CD133+ GBC cells are less resistant to GEM, indicating that tumor
stem cells are also involved in chemoresistance. In addition, glucose
metabolism, fat synthesis, and glutathione metabolism can influence the
development of drug resistance. Finally, chemosensitizers such as
lovastatin, tamoxifen, chloroquine, and verapamil are able improve the
therapeutic effect of cisplatin or GEM in GBC.

Conclusions: This review summarizes recent experimental and clinical
studies of the molecular mechanisms of chemoresistance, including
autophagy, DNA damage, tumor stem cells, mitochondrial function, and
metabolism, in GBC. Information on potential chemosensitizers is also
discussed. The proposed strategies to reverse chemoresistance should

inform the clinical use of chemosensitizers and gene-based targeted
therapy for this disease.
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G allbladder cancer (GBC) incidence is low; however, the
prognosis is poor and mortality is extremely high.1 Adeno-

carcinoma, which largely occurs in epithelial cells that line the
gallbladder, is the most common form of this disease. Patients
with a medical history of bile duct obstruction are at higher risk of
developing GBC (odds ratio= 4.4).2,3 In particular regions,
including Chile, Northern India, and NewMexico, GBC incidence
is very high.4,5 In China, GBC is relatively rare and most cases are
distributed in the northwest and northeast.6 GBC incidence is
increasing each year, however, and women have higher incidence
and mortality rates than men.6–8 To date, there has been a lack of
effective prevention methods and treatments for this disease.9

GBC chemoresistance is increasing. While surgery is the
most effective treatment for GBC, early diagnosis is rare. Most
patients lack the option of surgery upon diagnosis, and local
recurrence following both laparoscopic and open surgery is
> 9%.10 For many individuals who receive successful surgical
treatment, GBC was accidentally discovered during other
operations.11,12

Chemotherapy is the primary option for GBC patients who
are not eligible for surgery. Regimens based on gemcitabine
(GEM) and cisplatin have been widely used in the past 10 years,
but the drug response rate remains undesirable, and drug resist-
ance is a challenge.13 While combination treatment using che-
motherapy and targeted drugs has improved the response rate,
efficacy remains poor.14 Chemotherapy regimens based on
characteristic genes may improve GBC treatment outcomes.15,16

The current review summarizes the findings of 91 papers and 10
clinical trials that are specifically focused on GBC-related che-
mosensitivity (Fig. 1). The highlighted results should inform
strategies to reverse chemotherapy resistance in GBC patients.

METHODS
Analysis of medical studies covering January 1, 2005

through May 1, 2022, from journals indexed in Medline using
the advanced search function yielded a set of relevant records.
Text words related to GBC (“gallbladder cancer,” “gallbladder
neoplasm,”), chemotherapy (“chemotherapy,” “drug therapy”)
were used in the search strategy. The full-text articles were
screened and systematically categorized by criteria which as
detailed in the selection flow diagram (Fig. 1). After stepwise
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screening and assessing, 91 original research studies were
selected. Then we extracted the key genes, signaling pathways,
cell lines used for experimental verification, chemotherapeutic
drugs, survival information of patients, sample size from these
articles (Table 1).

At the same time, 10 clinical trials from Clincialtrials.gov
involving chemotherapy sensitization are included in this
review. Descriptive statistics report the results.

THE RESPONSE RATE OF FIRST-LINE GBC
CHEMOTHERAPY DRUGS

GBC has high rates of malignancy andmultidrug resistance.
The current chemotherapy drugs include cisplatin (CDDP),
GEM, 5-fluorouracil (5-FU), epirubicin, oxaliplatin (OXA), S-1,
capecitabine, and Irinotecan.43,44 Clinical trial results indicate
that the response rate of commonly used chemotherapy drug
combinations remain low: 26.1%, 15.5%, 30.7%, 14.3%, and
29.8% for GEM+CDDP, GEM, GEM+OXA, 5-FU+FA, and
GEM+S-1, respectively.13,16,45

The response rate of GEM+CDDP as a first-line chemo-
therapy regimen (26.1%) was 10.6% higher than that of GEM
alone (15.5%).13 However, it is worth noting that in a clinical
trial of 410 patients with advanced biliary tract tumors, patients
treated with GEM+CDDP had a greater survival advantage than
those treated with GEM alone. In addition, the combination
treatment was also not associated with a substantial increase in
side effects.46 The anticancer effect of GEM can be inhibited by
drug metabolism, but the key factors involved in this process
are not yet fully understood.47

GBC has a low sensitivity to first-line chemotherapy
drugs, and some researchers have identified its occurrence at
the cellular and molecular levels (Table 1). In addition to first-
line chemotherapy regimens, other drugs used to treat GBC

include 5-FU, OXA, doxorubicin, docetaxel, and molecular-
targeted drugs.48 Several factors contribute to the respon-
siveness of GBC to these medications (Fig. 2).

BOTH PROGRAMMED AND NONPROGRAMMED
CELL DEATH CONTRIBUTE TO

CHEMORESISTANCE
Programmed cell death usually includes both apoptosis

and autophagy, while nonprogrammed cell death is broader
and includes death caused by DNA damage. Platinum-based
chemotherapy drugs can cause cellular DNA damage. Cells
then recognize the damage and initiate DNA repair responses
to maintain genome stability.49 However, this mechanism of
self-repair can drive cancer cells to develop resistance to
chemotherapy drugs. Targeting DNA damage response path-
ways has been used as a therapeutic strategy for colorectal
cancer, and DNA damage response inhibitors are being fur-
ther evaluated in preclinical and clinical studies.50 Lovastatin
can inhibit cholesterol biosynthesis in GBC and also increase
the sensitivity of cancer cells to cisplatin by inhibiting the
expression of CHK1, CHK2, and H2AX, during the DNA
damage response.51 Gallbladder adenocarcinoma cells with
high V-SCR expression are highly resistant to cisplatin,
primarily as a result of enhanced DNA repair responses.33

These findings suggest that DNA damage repair responses
may play an important role in the chemoresistance mechanism
of GBC.

Apoptosis occurs in various tumor chemotherapy proc-
esses, and cancer cell sensitivity to apoptosis-related anti-
cancer drugs is dependent on the type of drug and the function
of antiapoptotic proteins such as B-cell lymphoma-2 (Bcl-2).
This protein not only regulates the apoptosis of normal cells,
but also contributes to pancreatic cancer resistance to GEM.52

FIGURE 1. Flow chart of the screened literature.
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Apoptosis occurs through extrinsic and intrinsic pathways,
and chemotherapy-induced apoptosis is associated with
intrinsic, mitochondria-mediated pathways.53 Moreover,
apoptosis is often associated with DNA damage repair. If
repair fails, the mitochondrial apoptosis cascade becomes
activated and cell death occurs.54

CRT knockdown not only inhibits GBC cell pro-
liferation and promotes apoptosis, but also increases the

sensitivity of gallbladder carcinomas to GEM.17 Upregulated
SSTR5-AS1 promotes GEM resistance in GBC by inhibiting
apoptosis.20 MiR-1231 overexpression attenuates the pro-
liferative potential of GBC cells and both induces apoptosis
and enhances GBC sensitivity to docetaxel.38 OLFM4
downregulation reduces the expression of ARL6IP1, an
antiapoptotic factor, and sensitizes GBC cells to cisplatin
in vitro and in vivo.36 while XRCC1 knockdown significantly

TABLE 1. Genes That Interfere With GBC-Specific Sensitivity to Chemotherapeutics

Gene symbol Cell lines Drugs
Research
types Event

Sensitivity to
drugs (in vitro)

Tumor volume
vs. control
(in vivo)

Sample size;
median survival

time (mo)

CRT GBC-SD+NOZ GEM17 vtr+cli KD
OE

Up
Down

—

—

7; 28
25; 16

LncRNA-RP11-
147L13.8

GBC-SD+NOZ GEM18 vtr+cli KD
OE

Down
Up

—

—

48; 30
48; 50

Lnc-RNA-
MYLK-AS1

GBC-SD+NOZ+EH-
GB1+SGC-996

GEM19 vtr+cli KD
OE

Up
Down

—

—

60; 60
60; 20

Lnc-RNA-
SSTR5-AS1

GBC-SD+NOZ GEM20 vvo+vtr+cli KD
OE

Up
Down

Smaller
—

54; 50
56; > 80

MiR-205-5p GBC-SD GEM21 vvo+vtr+cli KD
OE

Down
Up

—

Smaller
68; 25
68; 40

ELP5 GBC-SD+NOZ GEM22 vvo+vtr+cli KO
OE

Down
Up

Bigger
—

10; 60
50; 22

MBD1 GBC-SD+SGC-996 GEM23 vtr+cli KD
—

Up
—

—

—

26; 25
58; 15

MiR-218-5p GBC-SD+NOZ GEM24 vvo+vtr+cli KD
OE

Down
Up

—

Smaller
42; 10
40; 20

MiR-125b-5p NOZ+GBC-SD
+SGC-996

CDDP25 vvo+vtr+cli KD
OE

Down
Up

—

Smaller
41; 10
41; 20

aPKCι GBC-SD+NOZ GEM26 vvo+vtr+cli KD
—

Up
—

Smaller
—

23; 50
49; 5

MiR-433 GBC-SD GEM27 vtr —

OE
—

Down
—

—

—

—

GLI2 TYGBK-1+NOZ
+TGBC2TKB

GEM28 vvo+vtr+cli KD
—

Down
—

Smaller
—

9; 50
5; > 60

UCP2 G-415 GEM29 vvo+vtr+cli KD
—

Up
—

—

—

—

—

NOX1 GBC-SD+SGC-996 CDDP30 vvo+vtr KD
OE

Up
Down

Smaller
—

—

—

FXR SGC-996+QGC939
+GBC-SD

CDDP31 vvo+vtr+cli —

Activate
—

Up
—

Smaller
—

—

MiR-1207-5p GBC-SD CDDP32 vtr Inhibit
Activate

Up
Down

—

—

—

—

V-SRC HAG-1 CDDP33 vtr —

OE
—

Down
—

—

—

—

MiR-31 GBC-SD+NOZ CDDP34 vvo+vtr —

OE
—

Up
—

Smaller
—

—

C-ERBB-2 HAG-2 CDDP35 vtr —

OE
—

Up
—

—

—

—

OLFM4 GBC-SD CDDP36 vvo+vtr+cli KD
—

Up
—

Smaller
—

10; 20
30; 10

GBCDRlnc1 GBC-SD+NOZ DOX+5-
FU37

vvo+vtr+cli KD
OE

Up
Down

Smaller
—

22; 15
23; 8

MiR-1231 GBC-SD+NOZ DTX38 vtr+cli —

OE
—

Up
—

—

—

—

MiR-335 GBC-SD+SGC-996 5-FU39 vtr —

OE
—

Up
—

—

—

—

XRCC1 GBC-SD 5-FU40 vtr+cli KD
—

Up
—

—

—

86; 13
129; 9

PLAC8 SGC-996GR+SGC-
996OR

GEM
+OXA41

vtr KD
—

Up
—

—

—

—

—

DUSP1 SGC996+GBC-SD CDDP+5-
FU42

vtr —

OE
—

Down
—

—

—

—

5-FU indicates 5-fluorouracil; CDDP, cisplatin; cli, clinical research; Dox, doxorubicin; DTX, docetaxel; GBC, gallbladder cancer; GEM, gemcitabine; KD,
knockdown; KO, knockout; OE, overexpress; OXA, oxaliplatin; vtr, in vitro; vvo, in vivo.
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increases the sensitivity of CD133+ GBC cells to 5-FU by
promoting apoptosis.40

Autophagy, also known as type II programmed cell death,
was first proposed by Ashford and Porter who used electron
microscopy to identify autophagic structures in human
hepatocytes. There are 3 main autophagy-related signaling
pathways involved in mediating tumor drug resistance: HSF1-
mediated autophagy, reactive oxygen species (ROS)-mediated
autophagy, and Met inhibition.55,56 Current studies indicate that
GBC-specific drug resistance is related to autophagy activity.
GBC resistance-related lncRNA1 (GBCDRlnc1) is a key reg-
ulator of chemoresistance.37 Knockdown of this gene inhibits
autophagy at the initial stage, enhancing GBC cell sensitivity to
doxorubicin both in vitro and in vivo.37

ENDOGENOUS FACTORS LEAD TO THE
MALIGNANT PROGRESSION AND DRUG

RESISTANCE OF CANCER CELLS
One of the endogenous factors involved in chemoresistance

is cancer stem cells. CD133+ GBC cells are thought to have the
properties of cancer stem cells, capable of promoting tumor for-
mation, proliferation, invasion, and drug resistance.57While cancer
stem cells exist in a variety of tumors, and the markers for iden-
tification, including CD44, CD133, and LGR5, have been widely
used, the mechanism of chemoresistance in GBC stem cells
remains unknown.58,59 Traditional tumor therapy can inhibit tumor
cell proliferation, while resting cancer stem cells may develop
mutations and promote drug resistance.60

CD44+ and CD133+ GBC cells are less resistant to GEM
when miR-205-5p expression is increased.21 While purified
CD133+ GBC cells are highly resistant to conventional che-
motherapy, arsenic trioxide can effectively induce apoptosis
and reduce CD133 gene expression.61 Thus, inhibiting tumor
stem cell marker gene expression and attenuating cancer stem
cell properties is expected to increase the sensitivity of GBC to

chemotherapeutic drugs while reducing the effective dose.
Finally, sesamin can potently affect the stem cell-like charac-
teristics of GBC side population cells, attenuating their resist-
ance to cisplatin, and inhibiting tumor growth both in vitro and
in vivo.62

Cell cycle-regulated molecules are also involved in the
GBC response to chemotherapeutics. For example, aberrant
activation of cyclin-dependent kinases is a hallmark of cancer
cell cycle dysregulation.63 Studies have confirmed that the
abnormal function of Rb, FAT1, FZR1, and other proteins in
cell cycle process can promote tumor chemotherapy
resistance.64–66 Indeed, alterations in upstream signaling path-
ways, such as PI3K/Akt (protein kinase B), can cause tumor
resistance to chemotherapeutics by affecting the cell cycle. CRT
can mediate PI3K/Akt signaling to increase the proportion of
GBC cells in the G0/G1 stage and elevate GBC sensitivity to
GEM.17 In addition, ectopic expression of MiR-433 gene can
significantly reduce cyclin M expression and lead to GEM
resistance in GBC patients.27 In addition, MiR-335 over-
expression causes the GBC cell cycle to arrest in the G0/G1
phase, increasing cell sensitivity to 5-fluoropyrimidine
treatment.39 Thus, it is important to consider the roles of both
cancer protein and genes in mediating drug resistance.

Epithelial-to-mesenchymal transition (EMT) is the process
by which epithelial cells separate from their neighbors and
acquire the migratory properties of mesenchymal cells.67 Of
note, EMT and drug resistance in GBC are closely related to
this process. A research team from Fudan University Shanghai
Cancer Center found that MBD1 promotes the malignant
behaviors, including invasion, proliferation and migration, and
EMT, of GBC cells and induces chemoresistance to GEM.23

Other studies have confirmed that GLI2, a transcription factor
in the Hedgehog (Hh) signaling pathway, promotes cell
invasion by activating GBC cell EMT, increasing cancer
cell sensitivity to GEM.28 Noncoding genes can also affect

FIGURE 2. Factors affecting gallbladder cancer drug resistance. EMT indicates epithelial-to-mesenchymal transition.
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GBC-mediated drug resistance properties by altering cell
invasiveness. For example, researchers from Zhongshan Hos-
pital of Fudan University found that lncRNA-RP11-147L13.8
overexpression inhibited GBC cell migration and invasion and
increased GBC cell sensitivity to GEM.68

MITOCHONDRIAL DYSFUNCTION ALTERS DRUG
RESISTANCE IN GBC CELLS

Mitochondrial dysfunction and enhanced oxidative stress
can improve the efficacy of chemotherapeutic drugs in GBC
patients. ROS are primarily produced by the respiratory chain
of the mitochondrial inner membrane and the rate of ROS
production is regulated by the mitochondrial inner membrane
transmembrane potential and related functional proteins. While,
mitochondrial metabolism supports tumor anabolism by pro-
viding key metabolites for macromolecule synthesis.69 Inhib-
iting this process increases intracellular oxygen levels and
enhances the lethality of chemotherapeutic drugs.70 Interest-
ingly, the knockdown of UCP2 in GBC inhibits the non-
canonical nuclear factor-kappaB(NF-κB)/β-catenin axis, and
increases mitochondrial ROS, ultimately enhancing the GEM
sensitivity of GBC cells.29 MCL1 is also involved in leptin-
promoted mitochondrial fusion and can, in turn, inhibit GEM-
induced cell death.71 Similarly, typical protein kinase Cι
(aPKCι) inhibits ROS production in a kinase-independent
manner by competing with Nrf2 for Keap1 binding, conferring
GEM resistance to GBC cells.26 Finally, increased NOX1
expression increases intracellular ROS levels, which activate
the HIF-1α/MDR1 pathway and promote GBC chemoresist-
ance to cisplatin.30 In summary, mitochondrial dysfunction
and oxidative stress are involved in GBC sensitivity to
chemotherapeutic drugs.

ABNORMAL METABOLISM REGULATES THE
DRUG SENSITIVITY OF GBC CELLS

Studies indicate that cell metabolism, including glucose
metabolism, fat synthesis, cholesterol synthesis, hormone produc-
tion, and glutathione metabolism can regulate GBC-specific drug
resistance. For example, tamoxifen inhibits GBC cell proliferation
by interfering with glucose metabolism, increasing cisplatin
sensitivity.72 Animal experiments have shown that ovariectomies
can eliminate estrogen and prevent GBC-specific resistance to cis-
platin in nude mice.72 In UCP2 knockout mice, glycolysis is
inhibited and GEM treatment sensitivity is increased in GBC cells.29

Lovastatin, a hypolipidemic drug, combined with cisplatin, can also
enhance the efficacy of drug treatment in GBC mouse models.51

Finally, emodin and cisplatin combination therapy significantly
increases GBC cell chemosensitivity by inducing glutathione.73 In
summary, UCP2 and lovastatin can impact GBC chemosensitivity
by affecting metabolic processes.

EPIGENETICS-INVOLVED CHEMORESISTANCE
IN GBC

Studies have also identified a role for epigenetics in GBC-
specific chemoresistance. Hypermethylation of the ELP5 pro-
moter is shown to inhibit ELP5 expression, while DNA
demethylating agents sensitize GBC cells to GEM by inducing
ELP5.43,74 Some noncoding RNAs are also regulators of GBC-
specific drug resistance. For example, long noncoding RNA-
SSTR5-AS1 promotes GEM resistance in GBC by regulating
NONO.20 In addition, lnc-RNA-MYLK-AS1 promotes GEM
resistance by upregulating EZH expression.19 Other studies
report that MiR-218-5p promotes GBC sensitivity to GEM by

attenuating PRKCE expression.24,75 However, MiR-125b-5p
enhances GBC sensitivity to cisplatin by downregulating Bcl-
2.25,41 GBC sensitivity to cisplatin was shown to increase when
MiR-1207-5p expression decreased in the peripheral blood.24,32

These findings suggest that hypermethylation of ELP5 and
noncoding RNAs plays a role in regulating GBC-specific
chemoresistance.

SIGNALING PATHWAYS INVOLVED IN GBC
SENSITIVITY TO CISPLATIN, GEM, AND 5-FU

Most studies have used cisplatin and GEM to assess the drug
resistance mechanism of GBC and have primarily focused on a
single gene. Using a single target gene is problematic because the
biological functions of cells are often accompanied by changes in
signaling pathways. These changes play an important role in the
development of drug resistance in cancer cells.76 Identification of
the key pathway associated with GBC chemoresistance will inform
the development of chemosensitizers. The current study provides a
review of chemotherapy-related pathways in GBC and synthesizes
the effects of altering these signaling pathways on GBC cell sen-
sitivity (Table 2).

Multiple pathways are involved in GBC sensitivity to cis-
platin and 5-FU. For example, signaling through p38 mitogen-
activated protein kinase, a member of the mitogen-activated
protein kinase family, can be activated by multiple environmental
stresses and inflammatory cytokines.42 DUSP1 also enhances
GBC chemoresistance to cisplatin and 5-FU by regulating p38
and the DNA damage/repair system.34,42 In addition, NOX1
overexpression in a GBC cell line (SGC-996) activates the HIF-
1α/MDR1 pathway and mediates GBC-specific resistance to
cisplatin.30 The NF-κB pathway often acts as a downstream
effector pathway for PI3K-AKT signaling. Activated PI3K-AKT
(protein kinase B) can activate NF-κB, upregulate expression of
the MDR1 gene and its protein product, P-gp, and promote drug
resistance in tumor cells.79,82 NF-κB also induces tumor drug
resistance by upregulating expression of apoptosis-related genes
such as Bcl-xl, which acts together with P-gp.83 Bufalin inhibits
mitogen-activated protein kinase, extracellular regulated protein
kinases (MEK/ERK) and PI3K/AKT signaling by inhibiting the
expression of pc-Met and improves GBC cell sensitivity to 5-
FU.42,77 In summary, several related signaling pathways regulate
GBC-specific sensitivity to cisplatin and 5-FU.

GEM is the first-line agent for GBC chemotherapy and
the PI3K/Akt, NF-κB, Hh and epidermal growth factor
receptor (EGFR)/HER2 pathways mediate the response of
GBC to this drug. For example, GBC is less resistant to GEM
after inactivation of the PI3K/Akt pathway,17 and maslinic
acid enhances the antitumor activity of GEM both in vitro and
in vivo by inhibiting NF-κB signaling in human GBC cells.79

UCP2 knockdown inhibits the NF-κB/β-catenin axis in GBC,
and treatment with a UCP2 inhibitor increases GEM sensi-
tivity in animal xenograft models.29 However, inhibition of
GLI2 in the Hh signaling pathway reduces GBC sensitivity to
GEM.28 Targeted inhibition of the EGFR/HER2 pathway can
also enhance the antiproliferative effect of GEM in the biliary
tract and GBC.81 Interestingly, GBC cells show increased
sensitivity to GEM after inhibition of Hippo-Yes-associated
protein 1 (YAP1) signaling.80 These findings inform methods
for addressing GBC-specific chemoresistance.

The signaling pathways involved in GBC-specific sensi-
tivity to chemotherapeutics are depicted in Figure 3. The
expression of some of these key molecules is confirmed in
GBC. However, only MEK/ERK, PI3K/AKT, NF-κB, Hh, and
EGFR/HER2 signaling can increase GBC sensitivity after the
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pathway is blocked, and the corresponding target drugs are also
limited.84 The discovery of novel drug resistance targets will
inform the development of chemosensitizers that offer new
treatment options for GBC patients.

STRATEGIES TO REVERSE GBC-SPECIFIC DRUG
RESISTANCE

Sensitizers can enhance the efficacy of radiotherapy or
chemotherapy; however, some can be associated with adverse
effects. Developing effective chemosensitizers is important to

reduce the effective dose of chemotherapy drugs and counter
GBC-specific chemoresistance (Table 3).

Lovastatin, tamoxifen, metformin, emodin, sesamin, len-
vatinib, and verapamil can improve the therapeutic effect of
cisplatin in GBC patients. This drug sensitizes GBC cells to
cisplatin-induced apoptosis and inhibits CHK1, CHK2, and
H2AX activation during the DNA damage response.51

Tamoxifen inhibits proliferation by interfering with glucose
metabolism. When used as the primary drug for breast cancer
hormone therapy, tamoxifen also sensitizes cisplatin.72 Met-
formin synergistically enhances the antitumor activity of cis-
platin in GBC through PI3K/AKT/ERK signaling.90 Emodin

FIGURE 3. Signaling pathways associated with the gallbladder cancer response to chemotherapy drugs.

TABLE 2. Signaling Pathways That Interfere With GBC-specific Sensitivity to Chemotherapeutics

Pathway Cell lines Drugs Research types Event
Sensitivity to drugs

(in vitro) Year

p38 SGC996+GBC-SD CDDP+5-FU42 vtr —

Inhibit
—

Down
2018

HIF1α/MDR1 GBC-SD+SGC-996 CDDP30 vtr —

Activate
—

Down
2015

PI3K/Akt GBC-SD+NOZ GEM17 vtr —

Inhibit
—

Up
2021

NF-κB/β-catenin G-415 GEM29 vtr —

Inhibit
—

Up
2020

Hedgehog TYGBK-1+NOZ
+TGBC2TKB

GEM28 vtr —

Inhibit
—

Down
2021

MEK/ERK+PI3K—AKT GBC-SD+SGC-996 5-FU77 vtr —

Inhibit
—

Up
2020

Mitochondrial-Dependent
Apoptosis Pathway

GBC-SD Epirubicin78 vtr —

Inhibit
—

Down
2011

NF-κB GBC-SD+EH-GB1+EH-
GB2

GEM79 vtr —

Inhibit
—

Up
2015

Hippo-YAP1 GBC-PDOs GEM80 vtr —

Inhibit
—

Up
2020

EGFR/HER2 TGBC1-TKB GEM81 vtr —

Inhibit
—

Up
2010

5-FU indicates 5-fluorouracil; CDDP, cisplatin; cli, clinical research; Dox, doxorubicin; DTX, docetaxel; GBC, gallbladder cancer; GEM, gemcitabine; KD,
knockdown; KO, knockout; OE, overexpress; OXA, oxaliplatin; vtr, in vitro; vvo, in vivo.
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can also deplete glutathione by generating ROS, inhibiting the
expression of survivin, ABCG2, and MRP1, and finally
enhancing the anticancer effect of cisplatin on GBC
cells.73,83,95 Sesamin attenuates cisplatin resistance and inhibits
the growth of human GBC stem-like side population cells.62

Combination therapy with lenvatinib and GEM induces apop-
tosis, inhibits cell proliferation and colony formation, and
reduces GEM resistance in GBC patients.97 Verapamil also
induces the production of intracellular ROS, reduces gluta-
thione levels, and enhances the chemosensitivity of GBC cells
to platinum drugs.94

Potential GEM synergists include maslinic acid, chlor-
oquine, lenvatinib, α-Mangostin, icariin, phenoxodiol, and cor-
dycepin. Studies indicate that maslinic acid and icariin can
enhance the antitumor activity of GEM in vitro and in vivo by
inhibiting NF-κB signaling.79,89 The autophagy inhibitor, chlor-
oquine, combined with GEM can sensitize cells to
chemotherapy.85 Lenvatiniba and phenoxydiol were also shown
to inhibit AKT signaling, decreasing the GBC-specific resistance
to GEM.86,93 and α-Mangostin was found to sensitize cancer cells
to GEM by inhibiting neoadipogenic adipogenesis.87 Low con-
centrations of cordycepin can enhance GBC-SD cell sensitivity to
GEM and 5-FU.92 This may be attributed to the activation of
adenosine monophosphate-activated protein kinase and the deg-
radation of MDR.92 Conversely, leptin can make GBC cells
resistant to GEM by activating MCL1.71

While doxorubicin, 5-FU, and S-1 do not have an obvious
effect on GBC, potential sensitizers paired with chemo-
therapeutics can be effective. For example, hispidulin sensitizes
GEM and 5-FU to inhibit GBC cell proliferation by down-
regulating HIF-1α/P-gp signaling.88 and bufalin reduces the

stem cell-like properties of GBC by inhibiting MEK/ERK and
PI3K/AKT signaling and improves the efficacy of 5-FU.77

Chloroquine and the mTOR inhibitor, OSI-027, can also
improve the effect of 5-FU in GBC patients.91,98 Notably,
simvastatin enhances GBC sensitivity to the oral anticancer
drug, S-1, by modulating apoptosis.99 and somatostatin
enhances GBC cell sensitivity to doxorubicin.96,100

There are few current chemotherapeutic options for
advanced GBC. Several clinical trial research projects involving
potential chemosensitizers are ongoing (Table 4).101,102 While
some of these studies have completed phases I and II, only
one has entered phase III based on existing positive results.101

Many potential GBC chemosensitizers have also been iden-
tified in basic research labs. In addition, a large-scale clinical
study of 314 people who are receiving treatment with drugs
that target TGF-β or PD-L1 in combination with conventional
chemotherapeutic agents (NCT04066491), is underway. Tar-
geted drugs combined with cytotoxic chemotherapy drugs can
partially enhance the effect of chemotherapy. While chemo-
therapy-associated side effects and a lack of effective targets
remain to be addressed, the development of sensitizers pro-
vides hope to specific GBC patient populations.102 In addi-
tion, many drugs with known pharmacological properties and
targets have auxiliary effects on GBC-related chemo-
therapeutics. However, the safety and effectiveness of these
drugs require additional verification. It is hoped that these
medications will enter clinical trials as complementary
therapies to high-cost targeted drugs.

The only drug with positive clinical trial results is NUC-
1031, created through a phosphoramidate transformation of
GEM. This medication was combined with cisplatin to improve

TABLE 3. Potential Sensitizers for GBC Chemotherapeutics

Sensitizer
Sensitized
drugs Targets Cell lines

Sensitivity to drugs
(in vitro)

Sensitivity to drugs
(in vivo) Year

Maslinic
acid

GEM79 NF-κB Pathway EH-GB1+EH-GB2
+GBC-SD

Up Up 2015

Chloroquine GEM85 Autophagy NOZ+SGC-996+GBC-
SD

Up Up 2020

Lenvatinib GEM86 PI3K/AKT NOZ+GBC-SD Up — 2021
α-Mangostin GEM87 AMPK NOZ+GBC-SD Up Up 2020
Hispidulin GEM+5-FU88 HIF-1α/P-gp GBC-SD Up — 2015
Bufalin 5-FU77 MEK/ERK+PI3K/

AKT
SGC-996+GBC-SD Up — 2020

Lovastatin CDDP51 Mevalonate Pathway NOZ+GBC-SD Up Up 2019
Leptin GEM71 CEBPD RCB-1130 Down — 2021
Tamoxifen CDDP72 Nrf2 NOZ+SGC-996+GBC-

SD
Up Up 2020

Icariin GEM89 NF-κB SGC-996+GBC-SD Up Up 2013
Metformin CDDP90 PI3K/AKT/ERK

Pathway
SGC-996+GBC-SD Up Up 2018

OSI-027 5-FU91 mTOR RBE+GBC-SD Up — 2016
Cordycepin GEM+5-FU92 AMPK/mTORC1 GBC-SD Up — 2014
Phenoxodiol GEM93 Akt/mTOR SGC-996+GBC-SD Up Up 2014
Verapamil CDDP+CBP

+OXA94
GSH+MRP1 SGC-996+GBC-SD Up — 2013

Emodin CDDP83 Survivin SGC-996 Up Up 2011
Emodin CDDP95 ABCG2 SGC-996+GBC-SD Up Up 2013
Sesamin CDDP62 NF-κB-IL-6-Stat3-

Twist
SGC-996+GBC-SD Up Up 2014

Emodin CDDP73 MRP1 SGC-996 Up — 2010
Somatostatin DOX96 ICBP90 GBC-SD Up — 2008

5-FU indicates 5-fluorouracil; CDDP, cisplatin; cli, clinical research; Dox, doxorubicin; DTX, docetaxel; GBC, gallbladder cancer; GEM, gemcitabine; KD,
knockdown; KO, knockout; OE, overexpress; OXA, oxaliplatin; vtr, in vitro; vvo, in vivo.
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the efficiency of chemotherapeutic drugs (NCT02351765) for
patients with advanced GBC. The researchers confirmed that
this treatment regimen has a good safety profile.99 While only
21 participants were involved in this study, the overall response
rate reached 33%, and the median progression-free survival and
overall survival were 7.2 and 9.6 months, respectively.99 These
results suggest that this regimen has a potential anti-GBC

function. Unfortunately, NuCana announced in March 2022
that the 828-patient phase III clinical trial study (NuTide: 121)
was terminated (NCT04163900). This study compared 2
options (NUC-1031 combined with cisplatin and GEM com-
bined with cisplatin) for the treatment of cholangiocarcinoma,
GBC, and ampullary cancer. However, the treatment was ter-
minated at the first mid-term assessment because the regimen

FIGURE 4. Potential strategies to reverse gallbladder cancer-specific chemoresistance. 5-FU indicates 5-fluorouracil; CDDP, cisplatin;
GEM, gemcitabine; OXA, oxaliplatin.

TABLE 4. Clinical Trials Associated With Chemotherapy Sensitization in GBC

Potential sensitizer Targets N Phase Status Results Trial ID

Everolimus mTOR 152 Phase 2 Unknown status — NCT02836847
Leucovorin calcium — 42 Phase 2 Completed — NCT00009893
3-AP RNR 33 Phase 2 Completed Negative NCT00075504
M7824 TGF-β+PD-L1 314 Phase 2

Phase 3
Active, not recruiting — NCT04066491

MEK 162 MEK 0 Phase 1 Withdrawn — NCT02105350
Selumetinib MEK 1/2 57 Phase 2 Active, not recruiting — NCT02151084
NUC-1031 — 21 Phase 1 Completed Positive NCT02351765
Copanlisib PI3K 24 Phase 2 Completed Negative NCT02631590
MK-2206 Akt 0 Phase 2 Withdrawn — NCT01859182
ADH-1 N-Cadherin 17 Phase 1 Completed — NCT01825603

5-FU indicates 5-fluorouracil; CDDP, cisplatin; cli, clinical research; Dox, doxorubicin; DTX, docetaxel; GBC, gallbladder cancer; GEM, gemcitabine; KD,
knockdown; KO, knockout; OE, overexpress; OXA, oxaliplatin; vtr, in vitro; vvo, in vivo.

Data were obtained from https://clinicaltrials.gov (accessed August 20, 2022).
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appeared unlikely to achieve the primary goal of improving
overall survival by at least 2.2 months.

These studies identify the potential clinical value of che-
mosensitizers for GBC treatment. While current clinical trials
have mixed results, several new chemosensitizers are worthy of
preclinical evaluation.

CONCLUSIONS
GBC has several mechanisms of resistance to chemo-

therapy drugs, including autophagy, DNA damage, cell cycle,
tumor stem cells, mitochondrial function, and metabolism.
There are several potential reversal strategies for GBC patients
who respond poorly to chemotherapy that require validation by
clinical trials (Fig. 4). On the basis of the results of genetic
testing, patients can be grouped by coding genes, noncoding
genes, and signaling pathways, each of which has several
potential chemotherapy sensitization regimens. Each chemo-
therapy regimen can then be designed to match the patient’s
genetic profile.

PROBLEMS AND FUTURE PERSPECTIVES
The efficacy of chemotherapy among patients with

advanced GBC remains poor and is usually accompanied by a
high rate of chemoresistance. This is primarily the result of
tumor-specific genetic changes. Basic research has helped to
identify several potential chemosensitizing targets and sensi-
tizers. However, work is still required to translate these findings
into clinical use. Genetically testing and matching individual
cancers with known chemotherapy regimens or sensitizers will
inform individualized treatment based on the characteristics of
specific tumor genes. In recent years, several new chemo-
resistance targets have been identified and many novel che-
motherapeutic drugs have been developed. Testing potential
chemosensitizers in clinical trials should help to accelerate the
progression from discovery to drug development and clinical
use. In summary, clinical data on the efficacy of GBC-specific
chemotherapeutic sensitizers remains limited and few clinical
studies are ongoing. An enhanced understanding of the
molecular mechanism of GBC can inform the safety evaluation
and efficacy verification of any new drugs included in clinical
trials.

The widespread application of whole genome sequencing
and single-cell sequencing technology has promoted further
study of the molecular mechanisms and key factors involved in
the response to chemotherapy drugs. These techniques have
helped in the formulation of GBC-specific chemotherapy regi-
mens. Importantly, the use of effective chemosensitizers in
combination with first-line chemotherapy may reverse GBC-
specific drug resistance.
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