
Cancer Biol Med 2025. doi: 10.20892/j.issn.2095-3941.2025.0058

ORIGINAL ARTICLE

CLT-003 exerts anti-tumor activity in pancreatic cancer by 
blocking the PI3K/AKT/HIF-1αα pathway
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ABSTRACT	 Objective: CLT-003 is a novel phenylphthalimide derivative encapsulated in poly (lactate-glycolic acid) copolymer nanoparticles 
using nanotechnology techniques. CLT-003 possesses anti-angiogenetic and antitumor activities. Nevertheless, the role and 
molecular mechanism underlying CLT-003 in pancreatic cancer remain to be elucidated.
Methods: Cell proliferation and apoptosis were detected using CCK-8, real-time cell analysis (RTCA), EdU, and flow cytometric 
assays. Cellular mobility and invasive capacity were detected using wound-healing, Transwell, and cell motility assays. Tumor 
growth and metastasis were determined using the mouse subcutaneous and pancreatic cancer orthotopic liver metastasis models. 
The antitumor effects of CLT-003 were evaluated using patient-derived organoid (PDO) and patient-derived xenograft (PDX) 
models.
Results: CLT-003 significantly inhibited cellular proliferation, enhanced cellular apoptosis, and attenuated cellular invasion and 
migration of pancreatic cancer cells. Mechanistically, CLT-003 suppressed the translation of HIF-1α by inhibiting the PI3K/AKT/
mTOR signaling pathway. In the mouse tumor models, CLT-003 significantly inhibited the growth and metastasis of pancreatic 
tumors. Moreover, the PDO and PDX models showed increased sensitivity to CLT-003 in pancreatic cancer with high HIF-1α 
expression compared to pancreatic cancer with low HIF-1α expression.
Conclusions: This study delineated the role and molecular mechanism of CLT-003 action in impeding the progression of pancreatic 
cancer and indicated its robust potential for the treatment of pancreatic cancer.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the leading cause 
of cancer-related deaths globally with an overall 5-y patient 
survival rate of approximately 11%1. PDAC is predicted to 
become the second most common cause of death due to cancer 
by 20302. Most patients are asymptomatic in the early stages of 
PDAC and progress to advanced stages at the time of diagnosis. 
The average survival time of patients with PDAC in advanced 
stages is < 1 y3. Chemotherapy can prolong the survival of 
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patients with pancreatic cancer but chemotherapy alone is not 
the optimal treatment option for pancreatic cancer given the 
high side effects and drug resistance caused by multiple fac-
tors4. Hence, more effective medical treatments and drugs are 
urgently needed to treat patients with pancreatic cancer.

Hypoxia and blood supply deprivation are important fea-
tures of pancreatic cancer. Hypoxia-inducible factor-1 (HIF-
1) is the main mediator of cellular responses to hypoxia5. 
HIF-1 consists of the HIF-1α and HIF-1β subunits. HIF-1α 
is stabilized and translocated into the nucleus under hypoxic 

conditions. HIF-1α forms a dimer with HIF-1β and binds to 
the hypoxia response element (HRE) in the promoter region 
of downstream genes, thereby activating gene expression and 
promoting tumor growth and metastases6. In previous stud-
ies we reported that HIF-1α regulates several genes, including 
FSCN17, LASP18, and LIMS19, to promote tumor metastasis and 
adaptation to a hypoxic environment. A series of translational 
studies targeting HIF-1α were conducted10-12. Clinical trials 
and preclinical studies have shown that targeting HIF-1α is an 
attractive strategy for treating pancreatic cancer13.

Study flowchart  In vitro: CLT-003 inhibited PDAC proliferation (EdU/CCK-8/RTCA), migration (Transwell/wound healing), and induced apop-
tosis. It suppressed HIF-1α protein synthesis via blocking PI3K/AKT/mTOR-mediated translation (validated by MG132/Western blotting), with 
no significant effect on HIF-1α ubiquitin-proteasomal degradation (CHX chase assays/ubiquitination IP). In vivo: CLT-003 reduced tumor 
growth and metastasis in subcutaneous/pancreatic orthotopic models and patient-derived systems (PDOs/PDXs), showing enhanced efficacy 
against HIF-1α-high PDAC. Conclusion: CLT-003 selectively targets PI3K/AKT/mTOR-dependent HIF-1α translation to combat PDAC, indicat-
ing therapeutic potential for HIF-1α-overexpressing tumors. CCK-8, cell counting kit-8; CHX, cycloheximide; HIF-1α, hypoxia-inducible factor 
1-alpha; IF, immunofluorescence; PDAC, pancreatic ductal adenocarcinoma; PDO, patient-derived organoid; PDX, patient-derived xenograft; 
RTCA, real-time cell analysis.
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KRAS mutations, which are present in nearly 90% of 
PDAC patients, can activate the PI3K/AKT/mTOR pathway 
and increase the HIF-1α translation rate14. Currently, sev-
eral inhibitors of the PI3K/AKT/mTOR pathway, including 
alpelisib and duvelisib, have been licensed and marketed for 
the treatment of lymphoma and breast cancer and show excel-
lent therapeutic effects15,16. However, no drug targeting the 
PI3K/AKT/mTOR pathway is being used in the clinic for pan-
creatic cancer and the results of some clinical trials are unsat-
isfactory17. Discovering new drugs targeting the PI3K/AKT/
mTOR pathway is therefore of great value.

CLT-003  (TC11) [2-(2,6-diisopropylphenyl)-5-amino-
1H-isoindole-1,3-dioneis], a novel phenylphthalimide 
derivative, was encapsulated in poly (lactate-glycolic acid) 
copolymer nanoparticles using nanotechnology. CLT-003 
effectively blocks the increase in VEGF levels in the atrial 
fluid of diabetic rats and inhibits thickening of the retinal 
capillary basement membrane18. CLT-003 induces apoptosis 
by degrading MCL1 in multiple myeloma cells and inhibits 
centrosomal aggregation19. However, the role and mecha-
nism of CLT-003 action in pancreatic cancer have not been 
reported.

In the present study CLT-003 was shown to effectively 
promote apoptosis and inhibit cell proliferation and metas-
tasis in PDAC cells. CLT-003 exerts these effects mainly by 
reducing HIF-1α translation by blocking the PI3K/AKT/
mTOR pathway. CLT-003 presented a powerful anti-tumor 
effect in patient-derived organoid (PDO) and patient-de-
rived xenograft (PDX) models that was dependent on HIF-
1α inhibition.

Materials and methods

Cell culture

Human PDAC cell lines (SW1990, MIA-PaCa2, CFPAC-1, and 
BxPC-3), other human tumor-derived cell lines [breast cancer 
cells (MDA-MB-231), colon cancer cells (SW480), cervical 
cancer cells (HeLa), and lung cancer cells (A549)], a human 
embryonic kidney cell line (293T), and a normal human 
mammary epithelial cell line (MCF-10A) were obtained 
from American Type Culture Collection [ATCC] (Manassas, 
VA, USA). None of the cell lines used were contaminated 
by microorganisms, including Mycoplasma. SW1990 and 
BxPC-3 cells were cultured in RPMI-1640 medium (Gibco, 
Grand Island, New York, USA). MIA-PaCa2, MDA-MB-231, 

SW480, HeLa, A549, and 293T cells were cultured in DMEM 
(Gibco, Grand Island, New York, USA). CFPAC-1 cells were 
cultured in IMEM (Gibco, Grand Island, New York, USA). 
MCF-10A cells were cultured in DMEM/F12 (Gibco, Grand 
Island, New York, USA). All media were supplemented with 
10% fetal bovine serum (Vazyme, Nanjing, Jiangsu, China) 
and 1% penicillin-streptomycin (Solarbio, Beijing, China) 
and cells were maintained at 37°C in a humidified incubator 
with 5% CO2.

Western blotting

Cells were lysed in SDS-NP40 buffer [50 mM Tris (pH 
8.0), 150 mM NaCl, 1% NP40, 1% SDS, and 1 mM pro-
tease inhibitor cocktail; Beyotime, Shanghai, China] on 
ice for 1 min. Cells were scraped from the plate and briefly 
thrice-sonicated. Then, lysates were heated at 95°C for 5 
min and centrifuged at 20,000 × g at 4°C for 10 min. Protein 
lysates (20 μg) were separated by SDS-PAGE and the pro-
teins were transferred onto PVDF membranes (Vazyme, 
Nanjing, Jiangsu, China). The PVDF membranes were incu-
bated in a blocking buffer (5% non-fat milk in TBST) for 2 
h at room temperature (RT). Target proteins were detected 
by incubation with primary and corresponding secondary 
antibodies (Table 1).

Reverse transcription-polymerase chain 
reaction (RT-PCR)

Total RNA was isolated from 1 × 106 cells using the TRIzol 
reagent (Invitrogen, Carlsbad, California, USA) and 1 μg 
RNA was used for RT-PCR (Takara, city, Japan) analysis. Each 
RT-PCR sample was assessed in triplicate. Next, the product 
was used for the subsequent qRT-PCR experiments (Takara, 
Kusatsu, Shiga, Japan). Transcript abundance was calculated as 
the difference relative to β-actin levels. The primer sequences 
for qRT-PCR are listed in Table 2.

Immunofluorescence

PDAC cells were seeded on coverslips to evaluate the expres-
sion and distribution of HIF-1α under normoxic and hypoxic 
conditions after CLT-003 treatment and antigen-retrieved 
sections were obtained. Both groups of cells were incu-
bated with the primary antibody [anti-HIF-1α (1:200)] at 
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4°C for 16 h and followed by incubation with fluorescent 
secondary antibodies at RT for 2 h. Cells were mounted 
with a DAPI nuclear stain (SouthernBiotech, Birmingham, 
Alabama, USA). The number of positive cells was counted 
at 40 × magnification in 5 random fields under an Olympus  
microscope (Shinjuku, Tokyo, Japan).

Animal experiments

SW1990 cells were resuspended in PBS at a density of 107 cells/
mL to construct subcutaneous tumor models. Five-week-old 
female nude mice (SPF, Beijing, China) were injected subcu-
taneously with 100 μL of the SW1990 cell suspension. The 
mice were administered CLT-003 (50 or 100 mg/kg) or PBS 
vehicle (Veh.) by intravenous infusion every other day and 
tumor growth was measured using a caliper every 4 d. Tumors 
were harvested 4 weeks later. Tumor volume was calculated as 
follows: volume = 0.5 × length × width × width. Luciferase-
labeled SW1990 (SW1990-luc) cells were injected (1 × 106) 
into the exposed pancreas of 5-week-old female nude mice 
for orthotopic tumor models. Tumors were analyzed based on 
bioluminescence imaging (BLI) signals every week.

Four PDX lines with HIF-1α-high or -low expression were 
used for PDX experiments. PDX tumors were cut into 8 mm3 
pieces and subcutaneously implanted into 5-week-old female 
NOD/scid mice (SPF, Beijing, China). The same treatment proto-
col as above was used when the tumor volume reached 50 mm3. 
Tumor volume was calculated as follows: volume = 0.5 × length 
× width × width. Immunochemistry (IHC) staining for Ki67 and 
caspase-3 was performed to evaluate the proliferation and apopto-
sis status of tumor tissues. All animal experiments are performed 
in accordance with the ARRIVE guidelines, the UK Animals 
(Scientific Procedures) Act 1986 and associated guidelines, and 
the EU Animal Experimentation Directive 2010/63/EU. The 
study protocol was reviewed and approved by the Institutional 
Animal Ethics Committee of Tianjin Medical University Cancer 
Institute & Hospital (Approval no. AE-2020161).

Organoid culture and experiments

Human PDAC organoid cultures were established and cul-
tured following a previously described protocol20. PDAC 
organoids (1 × 103 cells) wrapped in Matrigel (Corning, New 
York, USA) were seeded in 96-well plates (cat: CLS3340, 
Corning, New York, USA) for CLT-003 treatment. The 
medium was replaced with human complete feeding medium 
(hCPLT) and CLT-003 (10 μM) after 7 d of culture and incu-
bated for an additional 3 d.

Organoid cell viability detection was monitored by micros-
copy and measuring the ATP concentrations using Cell  
Titer-Glo (Promega, Madison, Wisconsin, USA). Patients 
provided informed consent before participating in the study. 
This research was approved by the Ethics Committee of 

Table 1  Antibodies used in this study

Name Company Cat. No.

For WB

Anti-Bcl-2 antibody Proteintech 26593-1-AP

Anti-Bax antibody Proteintech 50599-2-Ig

Anti-HIF-1α antibody Abcam ab51608

Anti-p-AKT (thr308) antibody CST 4056

Anti-AKT antibody CST 4685

Anti-p-mTOR antibody CST 2974

Anti-mTOR antibody Proteintech 28273-1-AP

Anti-p-p70 S6K antibody CST 9234

Anti-p70 S7K antibody CST 9202

Anti-VEGFA antibody Abcam ab214424

Anti-TGF alpha antibody Abcam ab208156

Anti-GLUT1 antibody Abcam ab115730

Anti-β-actin antibody Ray Antibody Biotech RM2001

For IHC and IF

Anti-HIF-1α antibody Abcam ab51608

Anti-Ki67 antibody Abcam ab16667

Anti-capase3 antibody Proteintech 19677-1-AP

Table 2  Primers and oligonuceotide sequences

qPCR primers

VEGF

  Forward primer TTCCAGCAGTTCCCAGAAGGAC

  Reverse primer CCCAGCATTCTTGACAAACCC

GLUT1

  Forward primer TCTGGCATCAACGCTGTCTT

  Reverse primer CCGTGTTGACGATACCGGAG

TGF-α

  Forward primer CTCGCTTGGAAGAAATCGCTG

  Reverse primer AGAGAGGGTGTGGAGCTGCTTA
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Tianjin Medical University Cancer Hospital (Approval nos. 
Ek2020155 and bc20252980).

Wound healing and Transwell assays

Wound healing and migration assays were performed using the 
indicated pancreatic cancer cells, following a previously pub-
lished protocol8. Matrigel was diluted 6-fold and added to the 
upper chamber of the Boyden cell (Merck, Darmstadt, Hesse, 
Germany) to assess invasion in the Transwell assay. CLT-003 
solutions were prepared in a medium containing 2% fetal 
bovine serum at concentrations of 0, 2.5, 5, and 10 mM. PDAC 
cells (5 × 105) were resuspended in the Boyden upper chamber 
and incubated with various concentrations of CLT-003 solu-
tion. The Boyden lower chamber contained medium supple-
mented with 10% fetal bovine serum and cells were incubated 
for 12–24 h. The cells that migrated to the bottom of the filter 
were stained using a three-step staining kit (Thermo Fisher 
Scientific, Waltham, Massachusetts, USA). A microscope was 
used for counting and statistical analysis was performed.

5-ethynyl-2′-deoxyuridine (EdU) 
incorporation assay

Tumor cells were seeded into 96-well plates at a density of 1 × 
104 cells per well and cultured overnight in a medium containing 
CLT-003 at 4°C. EdU (Invitrogen) was added to each well and 
the cells were incubated at 37°C for 24 h. Detection of EdU was 
based on a click reaction following immunofluorescence (IF).

Cell apoptosis assay

Cell apoptosis was measured by Annexin V/propidium 
iodide (PI) staining (BD, Franklin Lakes, New Jersey, USA) 
following the manufacturer’s instructions and subjected to 
flow cytometry analysis. Tumor cells were grown in a culture 
medium containing CLT-003 for 48 h.

Automated cell tracking using the Operetta 
system

Live cell imaging was performed on the Operetta High-content 
Imaging System (PerkinElmer, Waltham, Massachusetts, 
USA) equipped with a live cell chamber. The environmental  
control unit was set to 37°C with 5% CO2 and images were 
acquired using an LWD 40X objective in the widefield 

fluorescence mode. Images were acquired for up to 16 h at inter-
vals of 15 min. Images were segmented using the Find Cells 
building block of the Harmony software (PerkinElmer, Waltham, 
Massachusetts, USA), which provides a dedicated algorithm for 
segmenting digital phase contrast images.

RNA sequencing

SW1990 and MIA-PaCa2 cells were cultured in medium sup-
plemented with fetal bovine serum and antibiotics at 37°C 
in a 5% CO₂ atmosphere until the cells reached 50% conflu-
ence. The cells were divided into two groups (solvent control 
and CLT-003-treated groups). Ten micromolar CLT-003 was 
administered to the treated group for 24 h, while the control 
group received an equal volume of solvent. Following treat-
ment, the medium was aspirated and the cells were rinsed 
twice with cold PBS. An appropriate amount of Trizol was 
added to disrupt the cells and mixed thoroughly. The samples 
were incubated at RT for 5 min. Finally, the samples were col-
lected in RNase-free tubes and sent for sequencing.

Statistical analysis

Statistical analyses were performed using SPSS 18.0 software 
(IBM, Chicago, Illinois, USA) and GraphPad Prism 9 or 
version 5.0.3 (GraphPad, San Diego, California, USA). All data 
are presented as the mean ± SD and repeated at least thrice. 
All P values < 0.05 were considered statistically significant.  
P < 0.05; *, P < 0.001; **, P < 0.0001; ***, P < 0.0001; ****, P > 
0.05; ns, not significant.

Results

CLT-003 inhibits PDAC cell proliferation 
 and promotes apoptosis

The chemical structure of CLT-003 is shown in Figure  1A. 
Four human-derived PDAC cell lines (SW1990, MIA-PaCa2, 
BxPC-3, and CFPAC-1) were treated with different con-
centrations of CLT-003 to evaluate the effect of CLT-003 on 
tumor cell growth. CLT-003 exerted a significant inhibitory 
effect on the proliferation of the PDAC cells (IC50 = 2.402 
~ 4.9 μM; Figure  1B). CLT-003 also inhibited the prolifer-
ation of other cancer cell lines but had a minimal effect on 
the growth of normal cells [Figure S1A–F, breast cancer 
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(MDA-MB-231) cells, IC50 = 6.8 μM; lung cancer (A549) 
cells, IC50 = 3.109 μM; cervical cancer (HeLa cells), IC50 = 
3.207 μM, and colon cancer (SW480) cells, IC50 = 6.808 μM; 
MCF-10A cells, IC50 = 29.5 μM]. Our data also showed that 
CLT-003 dramatically decreased PDAC cell line colony for-
mation in plates (Figures 1C, D and S2A, B). The inhibitory 
effect of CLT-003 on pancreatic cancer cell proliferation was 
also dynamically demonstrated by real-time cellular analysis 
[RTCA] (xCELLigence, Agilent, Santa Clara, California, USA; 
Figure  1E, F). The EdU assay showed that CLT-003 signifi-
cantly inhibited DNA replication in SW1990 and MIA-PaCa2 
cells (Figures 1G, H and S2C, D). Flow cytometry assays for 
SW1990 and MIA-PaCa2 (Figure 1I, J) treated with different 
concentrations of CLT-003 showed that CLT-003 increased 
the PDAC cell apoptosis rate upon CLT-003 treatment, which 

was concentration-dependent. Western blot analysis revealed 
a significant decrease in the expression of the anti-apoptotic 
protein, Bcl-2, and a significant increase in the expression of 
the apoptotic protein, Bax (Figure 1K), in SW1990 and MIA-
PaCa2 cells treated with CLT-003, further demonstrating that 
CLT-003 promoted apoptosis in PDAC cells. Taken together, 
the above-mentioned experiments demonstrated that CLT-
003 could inhibit cell proliferation and promote apoptosis of 
PDAC cells in vitro.

A subcutaneous transplantation tumor model was estab-
lished in BALB/c nude mice using SW1990 cells to determine 
whether CLT-003 can inhibit PDAC tumor growth. Low- 
(50 mg/kg) or high-dose (100 mg/kg) CLT-003 was admin-
istered intravenously every other day beginning on day 7 
post-implantation when the short diameter of subcutaneous 
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Figure 1  Effects of CLT-003 on the growth and apoptosis of cancer cells. (A) Chemical structure of CLT-003. Molecular formula: C20H22N2O2. 
Molecular weight: 322.4 g/mol. (B) CCK-8 assay was performed to detect the cell viability of the indicated pancreatic cancer cell lines (SW1990, 
MIA-PaCa2, BxPC-3, and CFPAC-1) treated with the indicated concentrations of CLT-003 for 72 h. The values are expressed as the mean 
deviation of the three independent experiments. (C, D) A colony formation assay (C) was performed using MIA-PaCa2 and SW1990 cell lines 
following treatment with the indicated concentrations of CLT-003. Bar charts show the colony numbers (D). (E, F) SW1990 and MIA-PaCa2 cells 
were cultured in a medium containing the indicated concentrations of CLT-003 for real-time cell analysis [RTCA] (xCELLigence) and the curves 
show the average of three experiments (E). The corresponding 72 h normalized cell index is shown as a histogram (F). (G, H) EdU incorporation 
assays were performed on MIA-PaCa2 and SW1990 cells after a 24-h treatment with CLT-003 at the indicated concentrations. Representative 
flow cytometry images (G) and corresponding statistical analyses are shown (H). (I, J) The apoptosis rates of MIA-PaCa2 and SW1990 cells 
treated with the indicated concentrations of CLT-003 for 12–16 h were determined by flow cytometry (I) and statistical analysis (J). Double 
staining with Annexin V and PI is shown. (K) The expression of apoptosis-related proteins (Bcl-2 and Bax) was detected by western blotting in 
SW1990 and MIA-PaCa2 cells treated with the indicated concentrations of CLT-003 for 24 h. Data shown as the mean ± SD in D, F, H, and J, 
and analyzed using unpaired t-tests, *, P < 0.05; **, P < 0.01;  ***, P < 0.001.
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tumors reached approximately 4–5 mm. The control group 
received the vehicle solution (Figure 2A). Tumor growth and 
weight change curves were plotted simultaneously. Tumor 
growth was significantly inhibited in the low- and high-dose 
CLT-003 treatment groups with the latter being more effective  
(Figure 2B, D–F). There was no significant difference between 
the groups in terms of body weight (Figure 2C) and the pro-
portion of important organs-to-body weight, such as heart, 
liver, spleen, lungs, and kidneys (Figure S3A). Additionally, 
no significant abnormalities were noted in the HE-stained 
organs in the CLT-003 group compared to the control group 
(Figure S3B), indicating that CLT-003 had a good biological 
safety profile. Immunohistochemical staining of tumor sec-
tions showed a decrease in Ki67-positivity and an increase in 
caspase-3 with increasing concentrations of CLT-003, both of 
which had statistically significant differences (Figure 2G, H).

CLT-003 inhibits the invasion and migration 
of pancreatic cancer cells

Classical wound healing and Transwell assays were performed 
using different CLT-003 concentrations to treat SW1990 
and MIA-PaCa2 cells. The ability of CLT-003-treated cells to 
migrate and invade were significantly inhibited relative to the 
control group (Figure 3A–E) and this inhibition became more 
pronounced with increasing concentrations of CLT-003. The 
same trend also occurred in CFPAC-1 and BxPC-3 cells (Figure 
S4A–E). Next, an automated cell tracking system was used to 
examine the effects of CLT-003 on cell migration in real-time 
and dynamically. CLT-003-treated SW1990 and MIA-PaCa2 
cells had shorter individual cell displacements compared to 
control cells (Figure 3F), reduced the range of total cell move-
ment (Figure 3G), and reduced the average speed (Figure 3H).

Next, an orthotopic mouse model of pancreatic tumors 
was used to determine whether CLT-003 could affect PDAC 
metastasis. Animals were randomly assigned to a CLT-003 
low-dose group (50 mg/kg), a CLT-003 high-dose group (100 
mg/kg), and a control group on day 7 of inoculation in an 
in situ BALB/c nude mouse model of a pancreatic tumor 
when the pancreatic tumor short diameter reached 2–3 mm 
based on ultrasound measurement (Figure S5A, B). Doses of 
CLT-003 were administered every other day and pancreatic 
tumors and mouse livers were harvested on day 27 (Figure 
4A). BLI performed in mice normalized to day 7 on day 27 
post-implantation was 3.508 ± 1.170 and 7.547 ± 1.458 in 
the CLT-003 high- and low-dose groups, respectively, which 

was significantly lower compared to the control group (BLI 
= 11.45 ± 2.198, Figure 4B, C; P < 0.0001 in the high-dose 
group compared to the control group and P = 0.0047 in the 
low-dose group compared to the control group). The mice 
were euthanized immediately thereafter and the livers were 
removed for BLI (Figure 4D), which revealed statistically 
significant lower bioluminescence in the CLT-003-treated 
group compared to the control group (Figure 4E). The 
number of metastases in the liver surface was determined 
and the area of liver metastases within the fixed size of the 
liver HE-stained section was quantified (Figure 4F–H). 
Therefore, CLT-003 significantly inhibited PDAC liver 
metastases. In situ tumors treated with CLT-003 were also 
significantly smaller compared to controls (Figure S5C, D), 
which was consistent with the results from the subcutaneous 
tumor model. The survival time was significantly longer in 
the CLT-003-treated group compared to the control group 
compared to the in situ tumor model, with prolonged sur-
vival time being more pronounced in the high-dose CLT-003 
group (Figure 4I, J). Our data suggested that CLT-003 could 
inhibit PDAC liver metastases and prolong survival of mice.

CLT-003 inhibited HIF-1α accumulation in 
PDAC cells

Gene Set Enrichment Analysis (GSEA) of RNA-seq sequenc-
ing data suggested a negative correlation between CLT-003 
and hypoxia (Figures 5A and S9). The key molecule for cel-
lular oxygen perception is HIF-1 and HIF-1α is the central 
transcription factor. First, CLT-003 did not affect the HIF-
1α RNA level, as evidenced by the qRT-PCR experiments  
(Figure 5B). Next, western blotting experiments revealed 
that CLT-003 inhibited the accumulation of HIF-1α in PDAC 
cells in a concentration- and time-dependent manner under 
hypoxic conditions (Figure 5C–F). CLT-003 was also con-
firmed to inhibit the expression of intracellular HIF-1α based 
on a cellular immunofluorescence assay (Figure 5G, H). CLT-
003 significantly reduced the mRNA (Figures 5I and S6A) 
and protein expression (Figure S6B, C) of VEGF, TGFA, and 
GLUT1, the downstream target genes of HIF-1, under hypoxic 
conditions in MIA-PaCa2 and SW1990 cells. Wild-type and 
HRE mutant plasmids were constructed using the full-length 
promoter region of VEGF to further investigate whether CLT-
003 affected the transcriptional functions of HIF-1α, a classic 
downstream target gene of HIF-1α, and wild-type and HRE 
mutant plasmids were transfected into SW1990 or 293T cells. 
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CLT-003 significantly inhibited the transcriptional activity of 
HIF-1α in cells transfected with the wild-type VEGF plasmid, 
as evidenced by the dual luciferase assay (Figures 5J and S6D). 
In conclusion, these results suggested that CLT-003 inhibited 
the protein accumulation of HIF-1α, resulting in reduced 
expression of downstream target genes of HIF-1α.

PI3K/AKT/mTOR signaling pathway is 
the target of CLT-003 to inhibit protein 
translation of HIF-1α

CLT-003 was shown to exert a non-significant effect on the 
expression of HIF-1α mRNA but significantly reduced the 
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(E) and mass (F) were measured and statistically analyzed between groups. (G, H) Representative images of immunohistochemical (IHC) stain-
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groups (G). IHC staining results were statistically analyzed (H). Scale bar = 50 μM. Data are shown as the mean ± SD in B, C, E, F, and H, and 
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protein expression of HIF-1α, suggesting that CLT-003 
affects HIF-1α protein expression mainly by post-transcrip-
tional regulation21. Post-transcriptional HIF-1α protein 
expression is mainly influenced by translational synthesis 
and post-translational ubiquitination-mediated degradation. 
Therefore, whether CLT-003 inhibited HIF-1α protein expres-
sion separately was determined. Activation of the PI3K/AKT/
mTOR signaling pathway has been reported to promote the 
translation of HIF-1α protein under hypoxic conditions22. 
Previous research by our group demonstrated that activation 
of the AKT/mTOR signaling pathway promotes HIF-1α pro-
tein translation, thereby regulating HIF-1α protein expression 
without affecting mRNA levels9. Previous studies have reported 
that various HIF-1α inhibitors suppress HIF-1α expression 
by inhibiting the AKT/mTOR signaling pathway and subse-
quently blocking HIF-1α translation23-25. Therefore, the effect 
of CLT-003 on P70 S6K, mTOR, and AKT, the key molecules of 
the PI3K/AKT/mTOR signaling pathway in pancreatic cancer 
cells, was determined by western blot analysis. The expression 

of p-P70 S6K, p-mTOR, and p-AKT (Thr308) was signifi-
cantly reduced in CLT-003-treated cells compared to the con-
trol group under hypoxic conditions (Figures 6A and S7A). 
CLT-003 effects on ubiquitin-mediated HIF-1α degradation 
and the post-blockade influence on HI F-1α expression were 
evaluated using three complementary approaches [protein 
degradation assays, ubiquitination immunoprecipitation (IP), 
and MG132 chase experiments]. CLT-003 treatment showed 
no significant difference in HIF-1α degradation kinetics 
compared to controls following inhibition of de novo protein 
synthesis (Figures 6B, C, S7B, C, and S10). Ubiquitination 
levels of HIF-1α remained unaltered independent of CLT-003 
treatment (Figures 6D and S7D), indicating negligible effects 
on post-translational ubiquitin-dependent degradation. CLT-
003 persistently suppressed HIF-1α expression, even upon 
proteasomal inhibition by MG132 (Figures 6E and S7E). 
Collectively, these findings demonstrate that CLT-003 modu-
lates HIF-1α expression by inhibiting the PI3K/AKT/mTOR 
pathway, attenuating HIF-1α mRNA translation (Figure 7).
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HIF-1αα-high PDAC cells are more sensitive to 
CLT-003

We selected three HIF-1α-high and three HIF-1α-low 
PDAC patients to establish PDO models (Figure S8A) and 
tested the sensitivity to CLT-003. As shown in Figure 8A, B, 

the inhibition rate following CLT-003 treatment (10 μM) on 
HIF-1α-low and -high PDOs was 25.78 ± 6.54% and 88.33 
± 9.21%, respectively, suggesting that PDAC patients with 
high expression of HIF-1α may be more sensitive to CLT-
003 treatment. Following the induction of HIF-1α overex-
pression in HIF-1α-low-expressing PDOs (Figure  S8B), 

H

CLT-003 (�M)

CLT-003 (�M)

G

CLT-003 (�M)

0 2.5 5 10

CLT-003 (�M)

0 2.5 5 10

D
is

pl
ac

em
en

t o
f t

ra
ck

ed
 c

el
ls

 (μ
m

)

Displacement of tracked cells (μm)

Displacement of tracked cells (μm)

0

–100

–200

–300

100

200

300

0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0

0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0 0

–1
00

–2
00

–3
00 10
0

20
0

30
0

0

–100

–200

–300

100

200

300

Av
er

ag
e 

sp
ee

d 
(n

m
/s

)
Av

er
ag

e 
sp

ee
d 

(n
m

/s
)

0 2.5 5 10

0 2.5 5 10

0

0.5

1

1.5

2

0

0.5
1

1.5

2

2.5
 *

**
***

*
**

**

CLT-003 (�M)

CLT-003 (�M)

0 2.5 5 10

0 2.5 5 10

F
M

IA
-P

aC
a2

SW
19

90

*
**

Figure 3  Effect of CLT-003 on the invasion and migration of PDAC cancer cells. (A, B) Wound healing experiment (A) was performed in MIA-
PaCa2 and SW1990 cells treated with the indicated concentrations of CLT-003. The percentage of wound healing after 24 h was statistically 
analyzed (B). Scale bar = 100 μM. (C–E) Transwell assays (C) were performed using MIA-PaCa2 and SW1990 cells treated with the indicated 
concentrations of CLT-003 for 12–18 h to assess and statistically analyze their migratory (D) and invasive abilities (E). Scale bar = 50 μM. (F–H) 
Dynamic imaging analysis of cell migration. Cells were pretreated with the indicated concentrations of CLT-003 for 24 h. Cell migration was 
tracked on automated cell tracking system for > 18 h. Representative images of single-cell movement trajectories (F) and cell limit displace-
ment (G) are shown. The average speed measurement is shown in (H). Data in B, D, E, and H are shown as the mean ± SD and analyzed using 
an unpaired t-test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.



Cancer Biol Med Vol 22, No 12 December 2025� 1569

G H

****

Vehicle

50 mg/kg

100 mg/kg

M
et

as
ta

si
s 

fo
ci

 a
re

a 
(m

m
2 )

0

0.05

0.1

0.15 ***

Vehicle

50 mg/kg

100 mg/kg

*
***

N
um

be
r o

f m
et

as
ta

si
s

on
  t

he
 li

ve
r 

0

10

20

30
*

I

0 7 11

SW1990-luc (1 � 106) Implanted orthotopically

CLT-003 (50 mg/kg or 100 mg/kg)
(every other day until death)

J

0 10 20 30 40 50 60
0

20

40

60

80

100

Su
rv

iv
al

 ra
te

 (%
)

Time (days)

Vehicle
50 mg/kg
100 mg/kg

**
**

*

CBA

7 11 15 19 23 27

SW1990-luc (1 � 106) Implanted orthotopically

CLT-003 (50 mg/kg or 100 mg/kg)

Day 7

Day 27

CLT-003
50 mg/kgVehicle 100 mg/kg

0

5

10

15

20

Vehicle

50 mg/kg

100 mg/kg

Fo
ld

-c
ha

ng
e 

BL
I (

p/
s/

cm
3 /

sr
)

**
***

D E F

Vehicle

50 mg/kg

100 mg/kg

Liver HE

1 2
Photon counts (�103)

3 4 5

Vehicle

50 mg/kg

100 mg/kg

Vehicle

50 mg/kg

100 mg/kg

2

4

8

6

0
Ph

ot
on

 c
ou

nt
s 

(�
10

5 )

**
***

**

Figure 4  The effect of CLT-003 on pancreatic cancer cell metastasis. (A) The pancreas of BALB/c nude mice was orthotopically injected 
with 1 × 106 luciferase-expressing SW1990 cells (SW1990-luc) in Matrigel. CLT-003 (50 mg/kg or 100 mg/kg) or vehicle was administered 
intravenously every other day (red dots indicate dosing time points) from day 7 when pancreatic tumor short diameter reached 2–3 mm by 
ultrasound. (B, C) Bioluminescence imaging (BLI) was performed to assess the growth of SW1990-luc xenografts in the pancreas of mice in the 
three groups. Representative BLI (B) on days 7 and 27 of tumor implantation. Statistical analysis (C) of the fold change in BLI after treatment 
(BLI on day 27 compared to BLI on day 7). (D, E) Ex vivo BLI (D) of livers extracted from nude mice on day 27 after pancreatic orthotopic implan-
tation. BLI data of liver metastases were quantified (E). (F) Anatomic images of the liver in the three groups. Hematoxylin-eosin (HE) staining 
confirmed liver metastases. Red arrows indicate metastases on the liver surface and in HE images. Scale bar = 100 μM. (G, H) Statistical analysis 
of the total number of visible metastatic lesions on the liver surface and metastases foci in the liver were analyzed by ANOVA. (I) The pancreas 
of BALB/c nude mice was orthotopically injected with 1 × 106 SW1990-luc cells in Matrigel. CLT-003 (50 mg/kg or 100 mg/kg) or vehicle was 
administered intravenously every other day until death (red dots indicate dosing time points) from day 7. (J) Kaplan-Meier survival curves and 
log-rank tests for significance assessment between control and CLT-003 treatment groups. n = 6, P < 0.01; **, P < 0.001; ***. Data in C, E, G, 
and H are shown as the mean ± SD using ANOVA analysis. *, P < 0.05; **, P < 0.01; ***, P < 0.001.



1570� Xu et al. CLT-003 inhibits PDAC via PI3K/AKT/HIF-1

RNA-seq (CLT-003 vs. control)

0.0

HIF-1 signaling pathway
NES: –2.04

P < 0.001
Adjusted P < 0.001 AKT3

PGK1
MAPK1

VEGFA
LDHA SLC2A1

HIF1A

–0.2

–0.4

–0.6

3
2
1
0

5,000 10,000
Rank in ordered dataset

15,000 20,000

–1
–2

Ru
nn

in
g 

en
ric

hm
en

t
sc

or
e

Ra
nk

ed
 li

st
A

C

00 2.5 5 10 00 2.5 5 10

O2 (%)

CLT-003 (μM)

M
IA

-P
aC

a2

SW
19

90HIF-1α 93 kDa

43 kDa

93 kDa

43 kDaβ-Actin

HIF-1α

β-Actin

20 1 O2 (%)
CLT-003 (μM)

20 1

D
MIA-PaCa2

0
20 1

0 2.5 5 10

H
IF

-1
α/

β-
ac

tin
pr

ot
ei

n 
le

ve
l 

0

1

2

**
***

***
3

CLT-003 (μM)
O2 (%)

SW1990

H
IF

-1
α/

β-
ac

tin
pr

ot
ei

n 
le

ve
l 

0
20 1

0 2.5 5 10
0

1

2

**
***
****

**
***

3

CLT-003 (μM)
O2 (%)

E

93 kDa

43 kDa

93 kDa

43 kDa

HIF-1α

β-Actin

HIF-1α

β-Actin

1% O2
CLT-003 (5 μM) CLT-003 (5 μM)

Time (h)Con 24 48

1% O2

Con 24 48

M
IA

-P
aC

a2

SW
19

90

F
MIA-PaCa2

H
IF

-1
α/

β-
ac

tin
pr

ot
ei

n 
le

ve
l 

0

0.5

1.0

1.5

2.0

2.5

Time (h) Con 24

****
***

48

SW1990

H
IF

-1
α/

β-
ac

tin
pr

ot
ei

n 
le

ve
l

0

0.5

1.0

1.5

Time (h) Con 24 48

***
***

B

MIA-PaCa2

ns
ns

ns

0

20 1

0 2.5 5 10

Re
la

tiv
e 

H
IF

-1
α 

m
RN

A 
le

ve
l

0

0.05

0.10

0.15

CLT-003 (μM)

O2 (%)

ns
ns

SW1990

ns
ns

ns

0
20 1

0 2.5 5 10

Re
la

tiv
e 

H
IF

-1
α 

m
RN

A 
le

ve
l

0

0.05

0.10

0.15

CLT-003 (μM)

O2 (%)

ns
ns

Time (h)

Figure 5  Continued

SW1990

ns
ns

ns

*
**

**

Lu
ci

fe
ra

se
 a

ct
iv

ity
(F

lu
c/

Rl
uc

)

pGL3-MT pGL3-WT
0

0.2

0.4
0.6

0.8
1.0

MIA-PaCa2 MIA-PaCa2 MIA-PaCa2

VE
G

F/
RP

L1
3A

m
RN

A 
le

ve
l (

%
) 

0 μM
2.5 μM
5 μM
10 μM

G H

I J

O2 (%)
0
20 1

0 2.5 5 10CLT-003 (μM)
0

100

200

300 **
***

***

TG
F-

α/
RP

L1
3A

m
RN

A 
le

ve
l (

%
)  

O2 (%)
0
20 1

0 2.5 5 10CLT-003 (μM)
0

100

200

300

400 ***
***

***

G
LU

T1
/R

PL
13

A
m

RN
A 

le
ve

l (
%

) 

O2 (%)
0
20 1

0 2.5 5 10CLT-003 (μM)
0

100

200

300 **
***

***
**

***
ns

ns
*
**

CLT-003 (uM)

M
IA

-P
aC

a2

2.5 5 10

DAPI

HIF-1α

Merged

SW
19

90

1%

00

20%

CLT-003 (uM) 2.5 5 10

DAPI

HIF-1α

Merged

1%

00

20%



Cancer Biol Med Vol 22, No 12 December 2025� 1571

the inhibitory effect of CLT-003 was more profound, 
demonstrating stronger efficacy of the compound in HIF-
1α-elevated experimental models (Figure 8C, D). To val-
idate this finding, PDX tumors from two HIF-1α-high 
PDAC patients (patients 211 and 139) and two HIF-1α-
low PDAC patients (patients 203 and 180) were implanted 
into NSG mice (Figure S8C). When the tumors had a vol-
ume of approximately 50 mm3, the mice were treated with 
control or CLT-003 (100 mg/kg) for 45 days. The inhibi-
tion rate of CLT-003 treatment on two HIF-1α-high PDX 
tumors was 73.4 ± 2.054% (PDX-211) and 79.83 ± 3.783% 
(PDX-139; Figure 8E). In contrast, CLT-003 inhibited the 
growth of HIF-1α low-expressing PDX tumors by 11.56 ± 
4.726% (PDX-203) and 22.44 ± 6.146% (PDX-180; Figure 
8F). The expression of Ki67 was significantly reduced in 
HIF-1α-high PDX tumor tissues after CLT-003 treatment, 
while caspase-3 staining was significantly elevated (Figures 
8G, H and S8D–G). To determine whether HIF-1α was 
a key target for the antitumor effect of CLT-003, HIF-1α 
was knocked down using the CRISPR/Cas9 technique in 
a cell line derived from HIF-1α-high PDX-211 (Figure 
S8H). HIF-1α KO abolished the antitumor effect of CLT-
003 treatment (100 mg/kg) in the HIF-1α-high PDX line 
(Figures 8I, J and S8I), suggesting that CLT-003 sensitiv-
ity required HIF-1α. In summary, PDAC cells with high 
expression of HIF-1α were more sensitive to CLT-003 inhi-
bition than tumors with low expression of HIF-1α. HIF-
1α-high expression in pancreatic cancer could serve as a 
therapeutic target of CLT-003 to inhibit tumor growth and 
prevent metastases.

Discussion

As a critical regulator of pancreatic cancer in response to the 
hypoxic microenvironment, HIF-1 targets the transcription 
of multiple downstream genes, including GLUT1, TGFA, and 
VEGF, and is implicated in tumor cell proliferation, invasion, 
metastasis, and angiogenesis, all eventually leading to poor 
survival26. PDAC cells expressing activated KRAS modulate 
tumor cell glycolysis by stabilizing HIF-1α expression, result-
ing in tumor proliferation and metastases14. Overexpression 
of HIF-1α is associated with abnormal p53 accumulation and 
promotes the progression of pancreatic cancer by activating 
downstream signaling pathways27. Several clinical trials and 
preclinical studies have shown that targeting HIF-1α is an 
effective strategy for the treatment of pancreatic cancer13,28. 
Therefore, various strategies have been developed to inhibit 
pancreatic cancer cell proliferation and metastases by inhib-
iting HIF-1α23.

Several compounds have been identified as functional 
inhibitors of HIF-1 that reduce the level of HIF-1α expres-
sion29. Monoclonal antibodies are effective in targeting cell 
surface or soluble antigens but less effective in targeting 
intracellular components given the high molecular weight30. 
RNA interference technology has been used for downreg-
ulating HIF-1α but instability and inefficiency limit appli-
cation31. The CRISPR/Cas9 system is an effective method 
for silencing oncogenes. However, the off-target effect lim-
its further clinical application32. Small-molecule inhibitors 
have the following advantages: low molecular weight; eas-
ier penetration in tumor tissues and direct action on cancer 

Figure 5  CLT-003 inhibits HIF-1α accumulation in PDAC cells. (A) GSEA of RNA sequencing data from SW1990 cell lines untreated or treated 
with CLT-003 (10 μM, 24 h). The relationship between CLT-003 treatment and hypoxia. NES = −2.04, P < 0.001. (B) qRT-PCR analysis of mRNA 
levels of HIF-1α in MIA-PaCa2 and SW1990 cell lines treated with the indicated concentrations of CLT-003 under hypoxic conditions. (C, D) The 
expression of HIF-1α protein in MIA-PaCa2 and SW1990 cells treated with the indicated concentrations of CLT-003 under hypoxic conditions 
was detected by western blotting (C). Statistical analysis of gray-scale values of HIF-1α protein expression (D). (E, F) The changes in HIF-1α 
protein expression in MIA-PaCa2 and SW1990 cells under hypoxic conditions treated with CLT-003 (5 μM) for 24 and 48 h were detected 
by western blotting (E). Statistical analysis plots of gray-scale values of HIF-1α protein expression (F). (G, H) Immunofluorescence staining of 
HIF-1α in MIA-PaCa2 and SW1990 cells treated with the indicated concentrations of CLT-003. Scale bar = 20 μM. (I) qRT-PCR analysis was 
performed to detect the mRNA expression of HIF-1α target genes (VEGF, TGFA, and GLUT1) in MIA-PaCa2 cells treated with the indicated con-
centrations of CLT-003. (J) Under hypoxic conditions, SW1990 cells were transiently transfected with the full-length plasmid of the wild-type 
VEGF promoter region and the plasmid with the mutated VEGF promoter region of the HRE region followed by treatment with the indicated 
concentrations of CLT-003 for 24 h. The transcriptional activity of VEGF was detected and statistical analysis was performed. Data are shown 
as the mean ± SD in B, D, F, I, and J, and unpaired t-tests were performed shown in B, I, and J and paired t-tests in D and F. P > 0.05; ns, no 
significant, *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001.
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cells; easier transport across cell membranes and targeting 
intracellular components; and high effectiveness when taken 
orally. Therefore, small-molecule inhibitors are widely used 
in the treatment of tumors33.

The PI3K/AKT/mTOR signaling pathway, a growth fac-
tor-mediated cascade, represents the major pathway for HIF-
1α translation in > 70% of human cancer cell lines34. Multiple 

inhibitors (RAD00135, HS-11636, HS-10637, IPD-19638, and 
YC-139) significantly suppress HIF-1α expression across 
diverse cancer types by targeting the PI3K/AKT/mTOR 
signaling pathway with inhibition rates > 90% in specific 
tumor models. PI3K/AKT/mTOR activation can increase 
the translation rate, leading to increased expression of HIF-
1α34. LY294002 and wortmannin, PI3K-specific inhibitors, 
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can inhibit HIF-1α protein synthesis in prostate cancer cells 
(PC-3 and Du145) in a dose-dependent manner40. Herein, 
we introduced a new small chemical molecule that effectively 
inhibited PI3K/AKT/mTOR pathway activation and reduced 
HIF-1α expression. CLT-003 had minor effects on HIF-1α 
mRNA levels but significantly reduced protein expression in 
a dose-dependent fashion. Moreover, CLT-003 had no appar-
ent effect on the ubiquitination-mediated degradation of 
HIF-1α but significantly inhibited the activity of the PI3K/

AKT/mTOR pathway and reduced the level of HIF-1α pro-
tein during translation, resulting in the downregulation of 
HIF-1α-targeted genes, including VEGF, TGFA, and GLUT1. 
This finding is consistent with the report presented at the 
2009 ARVO Annual Meeting that showed CLT-003 attenu-
ated HIF-1 activation and inhibited angiogenesis in cases of 
diabetic macular edema41.

CLT-003 has been previously reported to be effective in 
treating multiple myeloma, primarily by degrading MCL1 
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Figure 7  Schematic representation of CLT-003 inhibition of HIF-1α translation by blocking the PI3K/AKT/mTOR axis. (Left panel) In the 
absence of CLT-003, activation of the receptor tyrosine kinase by a ligand leads to the activation of PI3K/AKT, which in turn activates 
mTORC1/2. This activation promotes the translation of HIF-1α mRNA into HIF-1α protein, which then dimerizes with HIF-1β to form the active 
HIF-1 complex, initiating transcription of target genes. (Right panel) In the presence of CLT-003, the CLT-003 inhibits the PI3K/AKT pathway, 
thereby blocking the activation of mTORC1/2. This inhibition prevents the translation of HIF-1α mRNA, reducing the levels of HIF-1α protein 
and consequently the formation of the active HIF-1 complex, which leads to decreased transcription of target genes. PI3K, phosphatidylin-
ositol-4,5-bisphosphate 3-kinase; AKT, protein kinase B; mTOR, mammalian target of rapamycin; HIF; hypoxia-inducible factor; black arrows 
indicate pathway activation and red cross indicates pathway inhibition.
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and activating caspase-9 and CDK1 to promote apoptosis19. 
However, whether CLT-003 is effective in treating pancre-
atic cancer remains largely unclear due to scarce evidence. 
Our study showed that CLT-003 remarkably restrained pan-
creatic cancer cell proliferation and facilitated apoptosis in 
vitro. In addition, CLT-003 effectively inhibited the invasion 
and migration of PDAC cells and attenuated motility. These 
findings were verified in subcutaneous tumorigenesis and in 
situ pancreatic tumorigenesis mouse models. PDO and PDX 
models with high HIF-1α expression were sensitive to CLT-
003 treatment. In contrast, PDX cells showed no sensitivity 
toward CLT-003 treatment after knocking down HIF-1α, 
indicating that the inhibitory effect of CLT-003 on pancre-
atic cancer was mainly dependent on inhibition of HIF-1α 
expression.

The IC50 of CLT-003 was > 2 μM in pancreatic cancer and 
other cancer cell lines. Greater than 50 mg of CLT-003 was 
administered to mice. However, CLT-003 showed a satisfac-
tory biological safety profile without significant impact on 
normal cell growth, as well as on the body weight and vital 
organs of the mice. HIF 1 and 2α (HIF1A and HIF2A) are 
involved in tumor immune escape mechanisms42. All the ani-
mal experiments in this study were performed in nude mice, 
excluding the effect of immunity on tumors. The effects of 
CLT-003 on the tumor microenvironment and immunity war-
rant follow-up studies.

In conclusion, our results suggested that CLT-003 is a 
potent inhibitor of HIF-1α and acts by inhibiting the PI3K/
AKT/mTOR signaling axis. Accordingly, CLT-003 exhib-
ited greater efficacy in PDAC patients with high HIF-1α 
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expression. These preclinical data provide a theoretical basis 
for the development and use of CLT-003 for the treatment of 
PDAC patients.
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