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A B S T R A C T

Objective: The roles of transcriptional factor PR/SET domain 1 (PRDM1) have been revealed in numerous tumor 
types. However, its effects on gastric cancer progression are still confusing. This study aimed to explore the roles 
and underlying mechanisms of PRDM1 in gastric cancer progression.
Methods: In silico analysis was used to analyze gene expression levels, expression correlation, and the relationship 
with patients’ survivals. Functional experiments, including Western blot, RT-qPCR, sphere-formation ability, 
cytometry analysis, and tumorigenic analysis, were conducted to evaluate PRDM1’s effects on gastric cancer 
stemness. ChIP, luciferase reporter, and bioinformatic analysis were performed to reveal the underlying 
mechanisms.
Results: we demonstrated that PRDM1 was highly expressed in gastric cancer tissues and cells. Knockdown of 
PRDM1 significantly attenuated gastric cancer stemness. Mechanistical studies indicated that PRDM1 directly 
bound to the promoter region of Myc, a critical contributor of cancer stem cells (CSCs), and thus enhanced Myc 
transcription activity.
Conclusions: Taken together, this study indicates that PRDM1 could enhance gastric cancer stemness by 
increasing the transcriptional activity.

Introduction

Gastric cancer is a highly prevalent malignant digestive disease, 
accounting for 42 % of global cases and showing a rising incidence trend 
[1]. The early diagnostic rate of gastric cancer remains low due to vague 
early symptoms and patient reluctance toward endoscopy. Most cases 
are diagnosed at advanced stages, where traditional treatments like 
surgery or chemotherapy are often ineffective, resulting in poor 5-year 
survival rates [2]. Therefore, exploring the pathogenesis of gastric 
cancer has extremely important clinical value for improving the targeted 
therapy and the survival rate of patients [3,4].

Convincing evidence shows that transcriptional and epigenetic 
mechanisms respond to external signals, modulating gene expression 
and ensuring coordinated cellular behaviors and fate determination [5,
6]. As a master transcriptional regulator with a PR/SET domain, PRDM1 
(also known as BLIMP1) potentially controls gene expression by 

attaching to distinct locations on DNA and enlisting co-regulatory 
components [7]. It has been reported that PRDM1 plays a role in 
diffuse large B cell lymphoma [8]. Moreover, PRDM1 has been docu
mented to be implicated in many pathways involved in tumor progres
sion. Of note, PRDM1 might elevate USP22 transcription to reduce SPI1 
protein degradation by deubiquitination, thereby increasing PD-L1 
transcription and inducing tumor cell immune evasion in hepatocellular 
carcinoma [7]. Additionally, the disruption of PRDM1 facilitates the 
proliferation of highly effective antitumor T cells, potentially benefiting 
various adoptive cancer immunotherapies [9]. However, the roles of 
PRDM1 in gastric cancer progression are never been revealed.

The concept of cancer stem cells (CSCs) or cancer stemness has been 
clarified as a fundamental contributor to tumor metastasis, recurrence, 
and drug resistance [10]. Interestingly, a prior investigation revealed 
that PRDM1 can inhibit the expression of genes associated with stem 
cells, consequently suppressing the growth of human colon tumor 
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organoids [11]. Following studies demonstrated that mucosal ribosomal 
stress-induced PRDM1 expression promoted chemoresistance via facili
tating the stemness [12]. Consistently, PRDM1 is also involved in 
doxorubicin resistance by dysregulating MDR1 expression in diffuse 
large B-cell lymphoma [13]. Mechanistically, PRDM1 is engaged in the 
modulation of the beta-catenin and Hippo pathway [14,15], both of 
which have been shown to be critical for CSCs expansion [16,17]. These 
results prompt us to speculate that PRDM1 might hold a central role in 
gastric cancer stemness.

Currently, we initially examined the expression of PRDM1 in online 
patient samples and cells. Then functional in vivo and in vitro experi
ments were conducted to validate the effects of PRDM1 on gastric cancer 
stemness. Furthermore, the underlying mechanisms by which PRDM1 
functioned were revealed. Our findings suggested that PRDM1 enhanced 
gastric cancer stemness by increasing Myc transcriptional activity, 
making it a potential therapeutic target.

Materials and methods

Cell culture

Immortalized human gastric cancer cell lines (AGS, SGC7901, 
MKN45, BGC-823, MGC803; Procell, Wuhan, China) and the gastric 
epithelial cell line GES-1 (Procell, Wuhan, China) were cultured under 
standard conditions (37 ◦C, 5 % CO₂) in their respective specialized 
media (Procell, Wuhan, China). The cisplatin resistant AGS cells (AGS- 
cisR) were purchased from Procell and the resistance index was 
confirmed before using. However, it has been noted that the cell lines 
SGC-7901, BGC-823 and MGC-803 are contaminated cell lines (https 
://www.cellosaurus.org/CVCL_0520,https://www.cellosaurus.org/ 
CVCL_3360,https://www.cellosaurus.org/CVCL_5334), thus, the data 
derived from these three cell lines were excluded from data analysis.

Real-time quantitative PCR (RT-qPCR)

Cells were initially treated with Trizol reagent (Invitrogen, Paisley 
Scotland, UK) to extract total RNAs, which were then reverse transcribed 
into complementary DNA (cDNA) using qScript cDNA SuperMix 
(Quantabio, Beverly, MA, USA). Subsequent amplification reactions 
were carried out on an ABI7500 quantitative PCR system (Applied 
Biosystems, Warrington, UK) utilizing Power SYBR Green Master Mix 
(Invitrogen). After being normalizing to GAPDH, the 2–ΔΔCt method was 
applied for the relative expression of target genes. The primer sequences 
were listed as below: Oct4, Forward (5′- AGCGATCAAGCAGCGACTA-3′), 
Reverse (5′-GGAAAGGGACCGAGGAGTA-3′); KLF4, Forward (5′- AGCC
CAGCCAGAAAGCACTACAAT-3′), Reverse (5′- AGAACCAAGACTCACCA 
AGCACCA-3′); Myc, Forward (5′- ACCCTTCGCTATCATGCCTTGGTT-3′), 
Reverse (5′- TTGTGTGCCTCAGCTTCCCTCTCT-3′); GAPDH, Forward (5′- 
CTTAGTTGCGTTACACCCTTTCTTG-3′), Reverse (5′- CTGTCACCTT
CACCGTTCCAGTTT-3′).

Western blot

Briefly, total protein lysates were extracted from cells using ice-cold 
RIPA buffer (KeyGen, Nanjing, China) supplemented with protease and 
phosphatase inhibitors, followed by centrifugation. Proteins were 
separated on a 10 % SDS-PAGE gel and transferred onto PVDF mem
branes (Millipore, Molsheim, France). After blocking, the membranes 
were incubated overnight at 4 ◦C with primary antibodies, followed by a 
2-hour incubation at 37 ◦C with secondary antibodies. Protein bands 
were visualized using an ECL reagent (Solarbio, Beijing, China) and 
quantified with ImageJ software.

Lentivirus package and stable cell line construction

Briefly, the lentiviral GV248 construct encoding short hairpin RNAs 

(shRNA) against human PRDM1 were obtained from Genechem 
(Shanghai, China). Meanwhile, GV248 lentiviral empty vector was used 
as control (sh-NC or Vector). The siRNA sequences for PRDM1 were: 5′- 
UGCCACCUUCAGUGAAGAGGdTdT-3′. The NC sequences were: 5′- 
UUCUCCGAACGUGUCACGUdTdT-3′. Subsequently, the constructs were 
transfected into HEK293T cells (CL-0005, Procell) with lentivirus 
packaging plasmids. Lentiviral particles were generated, enriched, 
filtered, quantified, and used to infect MKN45 and AGS cells with pol
ybrene. Stable cell lines were selected with puromycin, and PRDM1 
knockdown efficiency was confirmed by RT-qPCR.

Sphere-formation assay

The detailed procedure was referred to our previous study [18].

Flow cytometry assay

CD44+ subpopulation with stemness was detected using MKN45 and 
AGS cells with or without PRDM1 knockdown through flow cytometry 
analysis. In summary, cells were collected at a density of 10^6 cells/mL 
through centrifugation at 300 × g and 4 ◦C for 10 min. Subsequently, the 
cells were treated with anti-CD44-APC (BD Biosciences, USA) or an 
isotype control, and incubated at 4 ◦C in darkness for 30 min. Then cells 
with anti-CD44 stained were washed with PBS. Finally, flow cytometer 
(BD, USA) was used to measure the CD44+ subpopulation.

CCK8 assay

Cell proliferation was assessed using the CCK-8 assay. Gastric cancer 
cells, with or without PRDM1 knockdown, were seeded in 96-well plates 
(1000 cells/well) and incubated for 16 –18 h. Cells were then treated 
with cisplatin (500 nM) for 24, 48, and 72 h. Afterward, 10 μL of CCK-8 
(Solarbio, Beijing, China) was added per well and incubated for 2 h at 37 
◦C in the dark. Absorbance at 450 nm was measured using a Multiskan 
GO Microplate Spectrophotometer (Thermo Fisher Scientific). All ex
periments were performed in triplicate.

Transwell migration and invasion analysis

The migratory and invasive capabilities of gastric cancer cells were 
assessed using transwell chambers with or without Matrigel-precoated 
inserts (Chemicon, Temecula, CA, USA). In summary, cells were 
seeded into the upper chamber, while medium containing 10 % FBS was 
added to the lower chamber. After 48 h, the migrated and invaded cells 
were fixed, stained, and enumerated under a microscope.

Luciferase reporter assay

To identify Myc promoter activity, the promoter region of Myc pos
sessing PRDM1-binding sites (RiboBio) were sub-cloned into pmirGLO 
plasmids (Promega, Madison, WI, USA). The Mut Express® II Fast 
Mutagenesis Kit V2 (Vazyme, Cat # C214–01, Nanjing, China) was used 
to construct the mutation plasmids. Then, MKN45 and AGS cells were 
transfected with the above-modified plasmids and sh-NC or sh-PRDM1. 
Cells were transfected with these plasmids and PRDM1 or Vector. 72 h 
later, luciferase activities in cell lysates were monitored using Dual 
Luciferase Assay Kit (Promega).

Chromatin immunoprecipitation (ChIP) assay

Based on JASPAR software analysis, putative PRDM1 binding sites in 
the Myc promoter were predicted. Subsequently, to preliminary confirm 
their binding, a SimpleChIP ® Enzymatic Chromatin IP Kit (CST, Dan
vers, MA, USA) was used in MKN45 and AGS cells. The cells were firstly 
subjected to lysis on ice for a duration of 10 min. Then, isolated genomic 
DNA was sheared into 200 - 600 bp fragments by the sonicated. After 
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Fig. 1. PRDM1 is highly expressed in gastric cancer tissues and cells. (A) Online databases were utilized to analyze the mRNA expression level of PRDM1 in gastric 
cancer tissues and adjacent normal tissues. (B) The mRNA expression level of PRDM1 was assessed in online gastric cancer tissues with or without metastasis, as well 
as in normal tissues. (C and D) GEPIA2 (Gene Expression Profiling Interactive Analysis 2) platform was used to evaluate the expression levels of PRDM1’s two 
molecular variants, PRDM1α and PRDM1β in gastric cancer and normal tissues. (E) Using online analytical tools, the correlation between PRDM1 expression and the 
overall survival (OS) of gastric cancer patients was investigated. (F) Similarly, the correlation between PRDM1 expression and the probability of first progression (FP) 
in gastric cancer patients was determined using online analytic tools. (G) Furthermore, the association between PRDM1 expression and the probability of post- 
progression survival (PPS) in gastric cancer patients was evaluated using online analytic tools. (H) Finally, the mRNA and protein expression levels of PRDM1 
were examined in various types of gastric cancer patients and normal gastric epithelial cells. N = 3, **P < 0.01 vs control group.

H. Qin et al.                                                                                                                                                                                                                                      Translational Oncology 59 (2025) 102443 

3 



centrifugation and collection, 20 µL supernatant was kept as Input 
group. Meanwhile, 70 µL samples and chromatin were incubated and 
precipitated with PRDM1 or IgG antibodies and magnetic beads for 6 h. 
After washing, RT-qPCR analysis for the detection of these products.

In vivo tumorigenic assay

For evaluating the effects of PRDM1 on the tumor-initiating ability of 
gastric cancer cells, Extreme Limiting Dilution Analysis (ELDA) (htt 
ps://bioinf.wehi.edu.au/software/elda/) was performed using MKN45 
cells with or without PRDM1 stably knockdown [19]. Cells were sub
cutaneously injected into one side of 6-weeks old male BALB/c nude 
mice (18 – 22 g). All animal experiments were obtained the approval of 
the Ethics Committee for Animal Experimentation of Beijing Jishuitan 
Hospital Guizhou Hospital (2023–05–23). 1 × 107, 1 × 106, 1 × 105 

cells/mice were conducted to inoculate in the right axilla of mice (6 mice 

per group) [20]. A total 36 mice were used for in vivo tumorigenic assay. 
Randomisation was employed to allocate the mice into control and 
treatment groups. A computer-generated randomization sequence was 
used to ensure unbiased group assignment. 21 days later, the 
tumor-initiating cell ratio was calculated following the protocols 
described in ELDA. All animals were housed in cages in a 
temperature-controlled (22 – 24 ◦C) environment with a relative hu
midity of 60 % – 70 % and a 12-h light and 12-h dark cycle. To minimize 
potential confounders, such as cage location effects, cages were 
randomly arranged on racks, and the individuals performing tumor size 
measurements were blinded to the group assignments. All animals 
received water and food ad libitum followed the ‘Guide for the Care and 
Use of Laboratory Animals, 8th Edition’ [21]. Mice were maintained on 
their respective diets during the treatment period. At the end of the 
experiment, the mice were killed by an overdose injection of pento
barbitone (200 mg/kg). And the research protocol has been approved by 

Fig. 2. Knockdown of PRDM1 suppresses the expression of stemness markers. (A) The mRNA expression of PRDM1 was assessed in gastric cancer cells subjected to 
either PRDM1 knockdown or control conditions. (B and C) The mRNA expression levels of stemness markers were evaluated in gastric cancer cells with or without 
PRDM1 knockdown. (D - F) Furthermore, the protein expression levels of stemness markers were examined in gastric cancer cells following PRDM1 knockdown or 
under control conditions. (G - I) The expression correlation between PRDM1, Oct4, KLF4, and Myc was determined through GEPIA2 platform. N = 3, **P < 0.01 vs 
control group.
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the Ethics Committee for Animal Experimentation of Beijing Jishuitan 
Hospital Guizhou Hospital (KT2024123101).

Immunohistochemistry (IHC) assay

Tissue sections were adhered to anti-release slides and baked at 60 ◦C 
for 2 h before storage at room temperature. Paraffin sections were 
dewaxed and hydrated with xylene and ethanol, followed by antigen 
retrieval in boiling citric acid solution for 10 min. The sections were then 
cooled at room temperature for 30 min and rinsed three times with PBS. 
After blocking for 1 hour at room temperature, primary antibody solu
tion was applied and incubated overnight at 4 ◦C. The sections were 
washed twice with PBS, then incubated with biotinylated secondary 
antibody for 40 min. After further PBS washes, DAB solution was applied 
for 5 min, followed by hematoxylin re-staining for 30 s. The slides were 
dehydrated with gradient alcohol and xylene, sealed with neutral resin, 
dried, and observed under a microscope for image collection.

In silico analysis

Gastric cancer tissue samples were sourced from the online TCGA 
database via TNMplot (https://tnmplot.com/analysis/) [22], enabling 
analysis of PRDM1 expression levels in gastric cancer tissue. Addition
ally, the relationship between gene expression and breast cancer pa
tients’ survivals was evaluated through an online analysis tool at KMplot 
(https://kmplot.com/analysis/index.php?p=background) [22,23]. 
Additionally, GEPIA2 (Gene Expression Profiling Interactive Analysis 2: 
http://gepia.cancer-pku.cn/) platform was used to evaluate the 
expression levels of PRDM1’s two molecular variants, PRDM1α and 
PRDM1β in gastric cancer and normal tissues. And the correlation 
among PRDM1 expression, stemness markers expression, and MYC 
expression was also determined through GEPIA2 platform. And log2 fold 
change or adjusted P-value were output.

Statistical assay

In this study, all quantitative data were presented as mean ± stan
dard deviation (SD). Statistical analyses were conducted using 

Fig. 3. Knockdown of PRDM1 inhibits the sphere-formation ability and CD44+ subpopulation with stemness. (A) The size of spheres was evaluated in gastric cancer 
cells subjected to either PRDM1 knockdown or control conditions. (B) The number of spheres was quantified in gastric cancer cells with or without PRDM1 
knockdown. (C) The CD44+ cell subpopulation was analyzed in gastric cancer cells following PRDM1 knockdown or control conditions. (D) Subsequently, the 
quantification of the CD44+ cell subpopulation was performed. N = 3, **P < 0.01 vs control group.
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GraphPad Prism 9. Data comparisons were performed utilizing unpaired 
Student’s t-test or one-way ANOVA with Tukey’s post hoc tests. Statis
tical significance was defined as P < 0.05. The reporting of this study 
conforms to ARRIVE 2.0 guidelines [24].

Results

PRDM1 is highly expressed in gastric cancer tissues and cells

Initially, we identified an elevated PRDM1 expression in gastric 
cancer cells compared to normal adjacent tissues through online dataset 
analysis (TNMplot: differential gene expression analysis in Tumor, 
Normal, and Metastatic tissues, https://tnmplot.com/analysis/) 22 

(Fig. 1a). As PRDM1 gene encode for two molecular variants, PRDM1α 
and PRDM1β [25], we further evaluated these two variants expression in 
another analytic platform, GEPIA2 (http://gepia2.cancer-pku. 
cn/#index) and found that only PRDM1α expression exhibited a sig
nificant difference between gastric cancer and normal tissues (Fig. 1b 
and Fig. 1c). Thus, we focused on PRDM1α in this study. We demon
strated that PRDM1 expression was positively correlated with gastric 
cancer progression (Fig. 1d). Furthermore, we showed that the higher 
PRDM1 expression predicted poorer survival outcomes for gastric cancer 
patients using Kaplan-Meier Plotter analysis (http://kmplot.com/ 
analysis/index.php?p=background) 23 (Fig. 1e, Fig. 1g). Consistently, 
it was observed that PRDM1 expression was notably elevated in gastric 
cancer cells, particularly in MKN45 and AGS cells (Fig. 1h), which were 

selected for subsequent research investigations.

Knockdown of PRDM1 suppresses the expression of stemness markers

To explore the impact of PRDM1 on gastric cancer progression, our 
study focused on the stemness of gastric cancer cells as CSCs play a 
pivotal role in driving gastric cancer progression [10]. Lentiviral infec
tion was used to generate MKN45 and AGS cells with stable PRDM1 
knockdown, which was validated by RT-qPCR (Fig. 2a). Subsequently, 
we indicated that PRDM1 knockdown led to a significant reduction in 
the mRNA levels of stemness markers (Fig. 2b and Fig. 2c). Consistently, 
the protein levels of stemness markers were also diminished by PRDM1 
knockdown in gastric cancer cells (Fig. 2d, Fig. 2f). Furthermore, we 
used GEPIA2 platform to reveal the correlation between PRDM1 and 
stemness markers expression. As shown in Fig. 2g, Fig. 2i, PRDM1 
expression exhibited a positive correlation with KLF4 and Myc, but not 
Oct4. These findings collectively indicate that PRDM1 positively regu
lates the expression of stemness markers in gastric cancer cells.

Knockdown of PRDM1 inhibits the sphere-formation ability and CD44+
subpopulation with stemness

We next investigated the effect of PRDM1 knockdown on sphere- 
forming capacity and the CD44⁺ subpopulation, both markers of 
gastric cancer cell stemness. PRDM1 knockdown significantly reduced 
sphere-forming ability, as indicated by decreases in sphere size and 

Fig. 4. Knockdown of PRDM1 attenuates the tumorigenic ability of gastric cancer cells in vivo. (A) Images of tumors originating from MKN45 cells subjected to 
PRDM1 knockdown or control conditions. (B) The ratio of tumor formation was determined based on the incidence of tumor formation as described in (A). (C) The 
frequency of stem cells was assessed utilizing ELDA, calculated from the tumor formation ratio and the number of incubated cells. (D) Differences in stem cell 
frequencies between the control and PRDM1 knockdown groups were analyzed using ELDA. (E and F) Furthermore, the expression levels of Oct4 and KLF4 were 
evaluated in tumors derived from MKN45 cells with or without PRDM1 knockdown and quantified. N = 6, **P < 0.01 vs control group.
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number (Fig. 3a, Fig. 3b). Flow cytometry further demonstrated a 
reduction in the CD44⁺ subpopulation, a key indicator of stemness, 
following PRDM1 knockdown (Fig. 3c, Fig. 3d). These results suggest 
that PRDM1 promotes gastric cancer cell stemness in vitro.

Knockdown of PRDM1 attenuates the tumorigenic ability of gastric cancer 
cells in vivo

Since CSCs contribute to the tumorigenesis, we conducted in vivo 
tumorigenic assays through MKN45 cells with or without PRDM1 
knockdown to validate the in vitro results. 1 × 107, 1 × 106, 1 × 105 

MKN45 cells with or without PRDM1 knockdown were subcutaneously 
seeded into nude mice, individually. After 21 days, the tumor formation 
ratio and tumor size were recorded. As shown in Fig. 4a and Fig. 4b, 
MKN45 cells with PRDM1 knockdown displayed a lower tumor forma
tion ratio and size. Additionally, employing ELDA, it was observed that 
the frequency of cancer stem cells (CSCs) was notably diminished in 
MKN45 cells following PRDM1 knockdown (Fig. 4c and Fig. 4d). 
Furthermore, IHC analysis revealed reduced expression levels of stem
ness markers (Oct4, KLF4) in tumors originating from MKN45 cells with 
PRDM1 knockdown (Fig. 4e and Fig. 4f). Thus, these findings underscore 

the role of PRDM1 in enhancing the tumor-initiating potential of gastric 
cancer cells.

Knockdown of PRDM1 reduces the migration and invasion ability, and 
cisplatin resistance of gastric cancer cells

Considering that tumor cell stemness significantly contributes to 
tumor metastasis and drug resistance [16], we delved deeper into the 
influence of PRDM1 on the migratory and invasive capacities of gastric 
cancer cells, along with cisplatin resistance. Initially, we observed an 
upregulation of PRDM1 expression in AGS-cisR cells compared to 
parental AGS cells (Fig. 5a, Fig. 5c). Subsequently, CCK8 analysis un
veiled that PRDM1 knockdown mitigated cisplatin resistance in AGS 
cells (Fig. 5d) while enhancing cisplatin sensitivity in gastric cancer cells 
(Fig. 5e and Fig. 5f). Remarkably, PRDM1 exhibited minimal effect on 
gastric cancer cell viability (Fig. 5d, Fig. 5e). Additionally, transwell 
migration assays illustrated a significant suppression of gastric cancer 
cell migration following PRDM1 knockdown (Fig. 5g and Fig. 5h). 
Furthermore, consistent outcomes were obtained in transwell invasion 
assays (Fig. 5i and Fig. 5j). Collectively, these findings underscore the 
role of PRDM1 in promoting the stemness of gastric cancer cells.

Fig. 5. Knockdown of PRDM1 reduces the migration and invasion ability, and cisplatin resistance of gastric cancer cells. (A) The mRNA level of PRDM1 was detected 
in AGS with or without cisplatin resistance. (B and C) The protein levels were assessed in AGS cells with or without cisplatin resistance. (D) Following treatment with 
cisplatin for 24 h, 48 h, and 72 h, the cell viability of AGS-cisR cells with or without PRDM1 knockdown was evaluated. (E and F) Similarly, the cell viability of gastric 
cancer cells with or without PRDM1 knockdown was assessed after treatment with cisplatin for 24 h, 48 h, and 72 h. (G and H) The migration ability of gastric cancer 
cells subjected to PRDM1 knockdown or control conditions was determined. (I and J) Furthermore, the invasion ability of gastric cancer cells with or without PRDM1 
knockdown was measured. N = 3, **P < 0.01 vs control group.
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PRDM1 directly binds to the promoter of myc and enhances the 
transcription activity of myc

Finally, we investigated the mechanisms through which PRDM1 
enhances the stemness of gastric cancer cells. Considering PRDM1′s 
classification as a transcription factor and its positive regulation of 
stemness marker expression, we hypothesized its potential direct bind
ing to the promoters of these markers. The JASPAR database predicted 
that PRDM1 could act as a transcriptional factor of Myc, but not KLF4 
and Oct4. Thus, we speculated that Myc was a critical downstream 
effector of PRDM1 responsible for PRDM1’s roles in gastric cancer 
stemness. As expected, PRDM1 knockdown decreased the mRNA levels 
of Myc in gastric cancer cells (Fig. 6a). Consistently, gastric cancer cells 
exhibited reduced Myc protein expression upon PRDM1 knockdown 
(Fig. 6b and Fig. 6c). Additionally, luciferase reporter analysis showed 
that the promoter activity of Myc exhibited a lower activity in MKN45 
cells with PRDM1 knockdown, while the activity was unaffected upon 
the binding sites were mutated (Fig. 6d and Fig. 6e). Furthermore, ChIP 
analysis revealed a significant enrichment of the Myc promoter in DNA 
pulled down by the PRDM1 antibody (Fig. 6f). Therefore, our findings 
suggest that PRDM1 enhances the stemness of gastric cancer cells by 
functioning as a transcription factor for Myc.

Discussion

Gastric cancer poses a major global health challenge due to its high 
prevalence, late diagnosis, and poor prognosis with limited treatment 

options [1]. Elucidating the molecular mechanisms of gastric cancer 
progression, particularly the role of transcriptional regulators, is 
essential for advancing targeted therapies [26]. In this study, we 
investigated the role of PRDM1, a transcriptional factor, in gastric 
cancer stemness, focusing on its interaction with the oncogenic trans
activation of Myc.

Our findings reveal that PRDM1 is highly expressed in gastric cancer 
tissues and cells, particularly in metastatic tissues, suggesting its po
tential as a prognostic marker for gastric cancer patients. Consistent 
with its role in other tumor types [11,12], PRDM1 appears to promote 
gastric cancer progression by enhancing cancer stemness. This is sup
ported by our functional experiments, which demonstrated that 
knockdown of PRDM1 suppressed the expression of stemness markers 
and reduced the sphere-forming ability and CD44+ subpopulation in 
gastric cancer cells. It must be noted that PRDM1 expression only 
exhibited a positive correlation with KLF4 and Myc, but not Oct4 
through in silico analysis (Fig. 2g, Fig. 2i), this might be due to the 
limited sample size and further research should be conducted to further 
confirm the correlation between PRDM1 and Oct4 expression in gastric 
cancer tissues.

Importantly, our study uncovered a novel mechanism by which 
PRDM1 regulates gastric cancer stemness through its interaction with 
Myc transactivation. We demonstrated that PRDM1 directly bound to the 
promoter of Myc, leading to increased transcriptional activity and 
upregulation of Myc expression. Given the well-established role of Myc 
in promoting cancer stemness [27–29], our findings provide mechanistic 
insight into how PRDM1 contributes to gastric cancer progression. 

Fig. 6. PRDM1 directly binds to the promoter of Myc and enhance the transcription activity of Myc. (A - C) Myc expression levels were assessed in MKN45 cells 
subjected to either PRDM1 knockdown or control conditions. (D and E) Luciferase reporter assays were conducted to investigate the impact of PRDM1 knockdown on 
the promoter activity of Myc. (F) ChIP analysis was conducted to examine the abundance of the Myc promoter in DNA pulled down by anti-PRDM1 antibodies. N = 3, 
**P < 0.01 vs control group.
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Notably, previous studies have shown that both of Oct4 and KLF4, 
another two critical CSC master regulators, act as the downstream ef
fectors of Myc [30–32], thus we speculate that PRDM1 regulates the 
expression of Oct4 and KLF4 through Myc in gastric cancer cells, which 
should be explored in the future.

Our findings highlight the role of PRDM1 in promoting gastric cancer 
stemness by enhancing Myc transcriptional activity, adding to the 
growing body of literature that connects PRDM1 and Myc trans
activation interactions in various cancers. Previous studies have 
revealed context-dependent functions of PRDM1 as both a tumor sup
pressor and a regulator of Myc activity. In diffuse large B-cell lymphoma 
(DLBCL), PRDM1 is frequently inactivated, and this loss correlates with 
Myc overexpression, leading to decreased p53 pathway activity and a 
poor prognosis in ABC-DLBCL patients [33,34]. Specifically, PRDM1 
inactivation upregulates Myc expression at both the gene and protein 
levels, as demonstrated in cell lines and patient samples [34]. This 
contrasts with our observation in gastric cancer, where PRDM1 appears 
to act as a promoter of Myc transcription. Such functional divergence 
underscores the importance of cellular context in defining PRDM1′s role 
in tumorigenesis. Moreover, in the context of co-infection models, it has 
been reported that PRDM1 interacts with the retinoblastoma (pRb) 
pathway to regulate Myc expression and cell cycle progression. In 
Epstein-Barr virus (EBV)-positive Burkitt lymphoma, pRb knockdown 
resulted in decreased PRDM1 expression and increased Myc levels, 
further suggesting a nuanced regulatory network between PRDM1 and 
Myc that varies by cellular and pathological context [35]. This finding 
aligns with the notion that PRDM1 can function as a transcriptional 
regulator of Myc, but it also raises intriguing questions about the dual
istic roles of PRDM1 across cancer types. Further comparative studies 
are warranted to elucidate the molecular determinants of PRDM1′s 
functional switch between tumor suppression and oncogenic promotion. 
In addition, these results expand our understanding of the regulatory 
networks underlying gastric cancer stemness and highlight PRDM1 as a 
potential therapeutic target for inhibiting tumor growth and metastasis. 
Targeting PRDM1 or its downstream effectors, such as Myc, could 
represent a promising strategy for developing novel anti-cancer thera
pies aimed at eradicating gastric CSCs and improving patient outcomes.

Conclusions

In conclusion, our study identifies PRDM1 as a critical regulator of 
gastric cancer stemness and elucidates its functional interaction with 
Myc promoter. Further investigation into the therapeutic potential of 
targeting the PRDM1-Myc axis in gastric cancer is warranted and may 
ultimately lead to the development of more effective treatment strate
gies for this devastating disease.
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[2] M.J. López, J. Carbajal, A.L. Alfaro, et al., Characteristics of gastric cancer around 
the world, Crit. Rev. Oncol. Hematol. 181 (2023) 103841, https://doi.org/ 
10.1016/j.critrevonc.2022.103841, 2022/10/15.

[3] B. Yang, X. Li, L. He, et al., Computer-aided design of temozolomide derivatives 
based on alkylglycerone phosphate synthase structure with isothiocyanate and 
their pharmacokinetic/toxicity prediction and anti-tumor activity in vitro, Biomed. 
Rep. 8 (2018) 235–240, https://doi.org/10.3892/br.2018.1051, 2018/03/31.

[4] Y.C. Ma, B. Yang, X. Wang, et al., Identification of novel inhibitor of protein 
tyrosine phosphatases delta: structure-based pharmacophore modeling, virtual 
screening, flexible docking, molecular dynamics simulation, and post-molecular 
dynamics analysis, J. Biomol. Struct. Dyn. 38 (2020) 4432–4448, https://doi.org/ 
10.1080/07391102.2019.1682050, 2019/10/19.

[5] M. van den Hurk, G. Kenis, C. Bardy, et al., Transcriptional and epigenetic 
mechanisms of cellular reprogramming to induced pluripotency, Epigenomics. 8 
(2016) 1131–1149, https://doi.org/10.2217/epi-2016-0032, 2016/07/16.

[6] T. Ge, X. Gu, R. Jia, et al., Crosstalk between metabolic reprogramming and 
epigenetics in cancer: updates on mechanisms and therapeutic opportunities, 
Cancer Commun. (Lond) 42 (2022) 1049–1082, https://doi.org/10.1002/ 
cac2.12374, 2022/10/22.

[7] Q. Li, L. Zhang, W. You, et al., PRDM1/BLIMP1 induces cancer immune evasion by 
modulating the USP22-SPI1-PD-L1 axis in hepatocellular carcinoma cells, Nat. 
Commun. 13 (2022) 7677, https://doi.org/10.1038/s41467-022-35469-x, 2022/ 
12/13.

[8] M. Boi, E. Zucca, G. Inghirami, et al., PRDM1/BLIMP1: a tumor suppressor gene in 
B and T cell lymphomas, Leuk. Lymphoma 56 (2015) 1223–1228, https://doi.org/ 
10.3109/10428194.2014.953155, 2014/08/15.

[9] T. Yoshikawa, Z. Wu, S. Inoue, et al., Genetic ablation of PRDM1 in antitumor T 
cells enhances therapeutic efficacy of adoptive immunotherapy, Blood 139 (2022) 
2156–2172, https://doi.org/10.1182/blood.2021012714, 2021/12/04.

[10] Q. Guo, Y. Zhou, T. Xie, et al., Tumor microenvironment of cancer stem cells: 
perspectives on cancer stem cell targeting, Genes. Dis. 11 (2024) 101043, https:// 
doi.org/10.1016/j.gendis.2023.05.024, 2024/01/31.

[11] C. Liu, C.E. Banister, C.C. Weige, et al., PRDM1 silences stem cell-related genes and 
inhibits proliferation of human colon tumor organoids, Proc. Natl. Acad. Sci. USA 
115 (2018) E5066–E5075, https://doi.org/10.1073/pnas.1802902115, 2018/05/ 
16.

[12] J. Kim, Y. Moon, Mucosal ribosomal stress-induced PRDM1 promotes 
chemoresistance via stemness regulation, Commun. Biol. 4 (2021) 543, https:// 
doi.org/10.1038/s42003-021-02078-1, 2021/05/12.

[13] K. Qing, Z. Jin, Z. Xu, et al., Dysregulated MDR1 by PRDM1/Blimp1 is involved in 
the doxorubicin resistance of non-germinal center B-cell-like diffuse large B-cell 
lymphoma, Chemotherapy 67 (2022) 12–23, https://doi.org/10.1159/000520070, 
2021/11/30.

[14] P.G. Manti, F. Darbellay, M. Leleu, et al., The transcriptional regulator Prdm1 is 
essential for the early development of the sensory whisker follicle and is linked to 
the beta-catenin first dermal signal, Biomedicines (2022) 10, https://doi.org/ 
10.3390/biomedicines10102647, 2022/10/28.

[15] J. Bunker, M. Bashir, S. Bailey, et al., Blimp-1/PRDM1 and Hr3/rorβ specify the 
blue-sensitive photoreceptor subtype in Drosophila by repressing the hippo 
pathway, Front. Cell Dev. Biol. 11 (2023) 1058961, https://doi.org/10.3389/ 
fcell.2023.1058961, 2023/03/25.

[16] Y. Yang, X. Li, T. Wang, et al., Emerging agents that target signaling pathways in 
cancer stem cells, J. Hematol. Oncol. 13 (2020) 60, https://doi.org/10.1186/ 
s13045-020-00901-6.

[17] S. Deng, Y. Xu, B. Gao, et al., Anemarrhenasaponin I suppresses ovarian cancer 
progression via inhibition of SHH signaling pathway, Oncologie 25 (2023) 
233–243, https://doi.org/10.1515/oncologie-2022-1001.

[18] Y. Wang, C. Wei, Y. Yang, et al., Hepatocyte nuclear factor-1β suppresses the 
stemness and migration of colorectal cancer cells through promoting miR-200b 
activity, Mol. Carcinog. 59 (2020) 989–999, https://doi.org/10.1002/mc.23229, 
2020/06/05.

[19] Y. Hu, G.K. Smyth, ELDA: extreme limiting dilution analysis for comparing 
depleted and enriched populations in stem cell and other assays, J. Immunol. 
Methods 347 (2009) 70–78, https://doi.org/10.1016/j.jim.2009.06.008, 2009/ 
07/02.

H. Qin et al.                                                                                                                                                                                                                                      Translational Oncology 59 (2025) 102443 

9 

https://doi.org/10.1186/s13045-023-01451-3
https://doi.org/10.1186/s13045-023-01451-3
https://doi.org/10.1016/j.critrevonc.2022.103841
https://doi.org/10.1016/j.critrevonc.2022.103841
https://doi.org/10.3892/br.2018.1051
https://doi.org/10.1080/07391102.2019.1682050
https://doi.org/10.1080/07391102.2019.1682050
https://doi.org/10.2217/epi-2016-0032
https://doi.org/10.1002/cac2.12374
https://doi.org/10.1002/cac2.12374
https://doi.org/10.1038/s41467-022-35469-x
https://doi.org/10.3109/10428194.2014.953155
https://doi.org/10.3109/10428194.2014.953155
https://doi.org/10.1182/blood.2021012714
https://doi.org/10.1016/j.gendis.2023.05.024
https://doi.org/10.1016/j.gendis.2023.05.024
https://doi.org/10.1073/pnas.1802902115
https://doi.org/10.1038/s42003-021-02078-1
https://doi.org/10.1038/s42003-021-02078-1
https://doi.org/10.1159/000520070
https://doi.org/10.3390/biomedicines10102647
https://doi.org/10.3390/biomedicines10102647
https://doi.org/10.3389/fcell.2023.1058961
https://doi.org/10.3389/fcell.2023.1058961
https://doi.org/10.1186/s13045-020-00901-6
https://doi.org/10.1186/s13045-020-00901-6
https://doi.org/10.1515/oncologie-2022-1001
https://doi.org/10.1002/mc.23229
https://doi.org/10.1016/j.jim.2009.06.008


[20] H. Ni, H. Qin, C. Sun, et al., MiR-375 reduces the stemness of gastric cancer cells 
through triggering ferroptosis, Stem Cell Res. Ther. 12 (2021) 325, https://doi.org/ 
10.1186/s13287-021-02394-7, 2021/06/07.

[21] National Research Council Committee for the Update of the Guide for the C and 
Use of Laboratory A. The National Academies Collection: reports funded by 
National Institutes of Health. Guide For the Care and Use of Laboratory Animals. 
Washington (DC): National Academies Press (US). Copyright © 2011, National 
Academy of Sciences., 2011.
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[25] R. Romero-García, L. Gómez-Jaramillo, R.M. Mateos, et al., Differential epigenetic 
regulation between the alternative promoters, PRDM1α and PRDM1β, of the 
tumour suppressor gene PRDM1 in human multiple myeloma cells, Sci. Rep. 10 
(2020) 15899, https://doi.org/10.1038/s41598-020-72946-z, 2020/09/29.

[26] S. Ouyang, H. Li, L. Lou, et al., Inhibition of STAT3-ferroptosis negative regulatory 
axis suppresses tumor growth and alleviates chemoresistance in gastric cancer, 
Redox. Biol. 52 (2022) 102317, https://doi.org/10.1016/j.redox.2022.102317, 
2022/04/29.

[27] L. Yang, P. Shi, G. Zhao, et al., Targeting cancer stem cell pathways for cancer 
therapy, Signal. Transduct. Target. Ther. 5 (2020) 8, https://doi.org/10.1038/ 
s41392-020-0110-5, 2020/04/17.

[28] K.M. Lee, J.M. Giltnane, J.M. Balko, et al., MYC and MCL1 cooperatively promote 
chemotherapy-resistant breast cancer stem cells via regulation of mitochondrial 
oxidative phosphorylation, Cell Metab. 26 (2017) 633–647, https://doi.org/ 
10.1016/j.cmet.2017.09.009, e6372017/10/06S1550-4131(17)30560-0 [pii].

[29] M. Elbadawy, T. Usui, H. Yamawaki, et al., Emerging roles of C-myc in cancer stem 
cell-related signaling and resistance to cancer chemotherapy: a potential 
therapeutic target against colorectal cancer, Int. J. Mol. Sci. (2019) 20, https://doi. 
org/10.3390/ijms20092340, 2019/05/15.

[30] L. Zhao, J. Wang, P. Wang, et al., Oct4 cooperates with c-Myc to improve 
mesenchymal-to-endothelial transition and myocardial repair of cardiac-resident 
mesenchymal stem cells, Stem Cell Res. Ther. 13 (2022) 445, https://doi.org/ 
10.1186/s13287-022-03120-7, 2022/09/03.

[31] B. Neumann, M. Segel, T. Ghosh, et al., Myc determines the functional age state of 
oligodendrocyte progenitor cells, Nat. Aging 1 (2021) 826–837, https://doi.org/ 
10.1038/s43587-021-00109-4, 2021/09/01.

[32] M. Piskacek, T. Otasevic, M. Repko, et al., The 9aaTAD activation domains in the 
Yamanaka transcription factors Oct4, Sox2, Myc, and Klf4, Stem Cell Rev. Rep. 17 
(2021) 1934–1936, https://doi.org/10.1007/s12015-021-10225-8, 2021/08/04.

[33] Y. Xia, Z.Y. Xu-Monette, A. Tzankov, et al., Loss of PRDM1/BLIMP-1 function 
contributes to poor prognosis of activated B-cell-like diffuse large B-cell lymphoma, 
Leukemia 31 (2017) 625–636, https://doi.org/10.1038/leu.2016.243, 2016/08/ 
30.

[34] X.Y. Zhang, Z.P. Ma, W.L. Cui, et al., Impact of PRDM1 gene inactivation on C-MYC 
regulation in diffuse large B-cell lymphoma], Zhonghua Bing Li Xue Za Zhi 47 
(2018) 25–31, https://doi.org/10.3760/cma.j.issn.0529-5807.2018.01.006, 2018/ 
01/13.

[35] J.E. Myers, D.L. Schaal, E.H. Nkadi, et al., Retinoblastoma protein is required for 
Epstein-Barr Virus replication in differentiated epithelia, J. Virol. 97 (2023) 
e0103222, https://doi.org/10.1128/jvi.01032-22, 2023/02/01.

H. Qin et al.                                                                                                                                                                                                                                      Translational Oncology 59 (2025) 102443 

10 

https://doi.org/10.1186/s13287-021-02394-7
https://doi.org/10.1186/s13287-021-02394-7
https://doi.org/10.3390/ijms22052622
https://doi.org/10.3390/ijms22052622
https://doi.org/10.1111/bph.16257
https://doi.org/10.1111/bph.15193
https://doi.org/10.1038/s41598-020-72946-z
https://doi.org/10.1016/j.redox.2022.102317
https://doi.org/10.1038/s41392-020-0110-5
https://doi.org/10.1038/s41392-020-0110-5
https://doi.org/10.1016/j.cmet.2017.09.009
https://doi.org/10.1016/j.cmet.2017.09.009
https://doi.org/10.3390/ijms20092340
https://doi.org/10.3390/ijms20092340
https://doi.org/10.1186/s13287-022-03120-7
https://doi.org/10.1186/s13287-022-03120-7
https://doi.org/10.1038/s43587-021-00109-4
https://doi.org/10.1038/s43587-021-00109-4
https://doi.org/10.1007/s12015-021-10225-8
https://doi.org/10.1038/leu.2016.243
https://doi.org/10.3760/cma.j.issn.0529-5807.2018.01.006
https://doi.org/10.1128/jvi.01032-22

	PRDM1 promotes the stemness of gastric cancer cells by enhancing the transactivation of Myc
	Introduction
	Materials and methods
	Cell culture
	Real-time quantitative PCR (RT-qPCR)
	Western blot
	Lentivirus package and stable cell line construction
	Sphere-formation assay
	Flow cytometry assay
	CCK8 assay
	Transwell migration and invasion analysis
	Luciferase reporter assay
	Chromatin immunoprecipitation (ChIP) assay
	In vivo tumorigenic assay
	Immunohistochemistry (IHC) assay
	In silico analysis
	Statistical assay

	Results
	PRDM1 is highly expressed in gastric cancer tissues and cells
	Knockdown of PRDM1 suppresses the expression of stemness markers
	Knockdown of PRDM1 inhibits the sphere-formation ability and CD44+ subpopulation with stemness
	Knockdown of PRDM1 attenuates the tumorigenic ability of gastric cancer cells in vivo
	Knockdown of PRDM1 reduces the migration and invasion ability, and cisplatin resistance of gastric cancer cells
	PRDM1 directly binds to the promoter of myc and enhances the transcription activity of myc

	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Funding
	Acknowledgements
	Data availability
	References


