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Background: Diffuse large B-cell lymphoma is a type of B-cell non-
Hodgkin lymphoma with a high incidence. About one-third of patients 
are resistant or eventually relapse. The prognosis for patients with 
relapsed/resistant diffuse large B-cell lymphoma who need salvage 
therapy is not optimistic.
Aims: To explore whether homebox D3 binding to lysine (K)-specific 
demethylase 5C promoted malignant progression of diffuse large 
B-cell lymphoma by decreasing p53 expression.
Study Design: Cell culture study.
Methods: The mRNA and protein expression of lysine (K)-specific 
demethylase 5C and homebox D3 in cells were respectively detected by 
real-time quantitative polymerase chain reaction analysis and Western 
blot. Real-time quantitative polymerase chain reaction analysis and 
Western blot were also applied to determine the transfection effects of 
shRNA-KDM5C or OeHOXD3 in OCI-Ly7 cells. After transfection, 
the cell viability, proliferation, and apoptosis were respectively 
analyzed by Cell Counting Kit-8 assay, EdU staining, and acridine 
orange—ethidium bromide staining. The interaction between homebox 
D3 and lysine (K)-specific demethylase 5C promoter was verified by 
the dual-luciferase reporter assay and chromatin immunoprecipitation 
(ChIP) assay.

Results: Lysine (K)-specific demethylase 5C mRNA expression 
(HBL1 2.84 ± 0.29; SUDHL4 3.53 ± 0.21; OCI-Ly8 4.06 ± 0.24; OCI-
Ly7 5.03 ± 0.28 vs. GM12878 1.00 ± 0.07; all P < .001) and protein 
expression (HBL1 1.52 ± 0.06; SUDHL4 1.77 ± 0.10; OCI-Ly8 2.34 
± 0.07; OCI-Ly7 2.78 ± 0.07 vs. GM12878 1.00 ± 0.07; all P < .001) 
in DLBCL cells were higher than that in GM12878 cells and showed 
the highest in OCI-Ly7 cells. Homebox D3 mRNA (OCI-Ly7 3.85 ± 
0.17 vs. GM12878 1.00 ± 0.05; P < .001) and protein (OCI-Ly7 1.73 ± 
0.10 vs. GM12878 1.00 ± 0.06; P < .001) expression were also highly 
expressed in OCI-Ly7 cells. Moreover, down-regulation of lysine (K)-
specific demethylase 5C suppressed the viability and proliferation and 
enhanced the apoptosis of OCI-Ly7 cells. Knockdown of lysine (K)-
specific demethylase 5C decreased the B-cell lymphoma 2 expression 
while increased the expression of Bax, cleaved caspase 3, cytochrome 
C, p53, and p21. The transcription factor homebox D3 was confirmed 
to interact with the lysine (K)-specific demethylase 5C promoter. 
Homebox D3 overexpression could reverse the regulating effect of 
down-regulation of lysine (K)-specific demethylase 5C on the OCI-
Ly7 cells.
Conclusion: Homebox D3 up-regulating lysine (K)-specific 
demethylase 5C promotes malignant progression of diffuse large 
B-cell lymphoma by decreasing p53 expression.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) accounts for about 30-40% 
of adult non-Hodgkin’s lymphoma. Some investigations have found 
that 37% of B-cell tumors belong to DLBCL.1,2 DLBCL has obvious 
heterogeneity and invasiveness, with multiple manifestations and 
outcomes of pathogenic mechanisms.3 About half of the patients can 
be cured, but about 1/3 of the patients are refractory or eventually 
relapsed. The prognosis of relapsed/refractory DLBCL patients 
who need salvage treatment is not optimistic, only about 10% of the 
patients will achieve a complete cure.4

Lysine (K)-specific demethylase 5C (KDM5C) is a member of the 
JmjC domain protein family. KDM5C is an oncogene,5-8 which can 
promote the proliferation of tumor cells and metastasis to distant 
tissues and organs,9 and this effect seems to be achieved through 
specific inhibition of anti-proliferation genes.10 In domestic 
and foreign literatures, the research direction of KDM5C gene 
mainly focuses on the relationship between this gene and cancer. 
ELK1-activated lncRNA LBX2-AS1 aggravated ovarian cancer 
progression by sponging miR-4784 expression and increasing 
KDM5C expression.11 KDM5C was observed to be highly 
expressed in colon cancer tissues and promoted the proliferation 
of colon cancer cells.11 KDM5C expression was up-regulated in 
the samples of prostate cancer (PCa) and castration-resistance 
prostate cancer (CRPC) and an elevated expression of KDM5C 
could aggravate the CRPC cell proliferation by inhibiting PTEN.12 
A selective KDM5A inhibitor identified in breast cancer cell lines 
suppressed cancer by causing cell cycle arrest and senescence.13 
However, the role of KDM5C in DLBCL is still unknown.

Through JASPAR (http://jaspar.genereg.net/), the transcription 
factor homebox D3 (HOXD3) is predicted to bind to the KDM5C 
promoter. HOXD3 promoted the development of hepatocellular 
carcinoma through transcriptional promotion of ITGA2 to activate 
ERK1/2 signaling.14 The expression of tumor suppressor miR-
99b-3p was decreased in gastric cancer tissues, and miR-99b-3p 
inhibited cell viability of gastric cancer and induced cell stagnation 
in the S phase.15 Vitamin D3-induced miR-99b-3p participated in 
its inhibitory effect on the proliferation of gastric cancer cells by 
targeting HOXD3.16

Above all, this paper aims to explore whether HOXD3 binding 
to KDM5C promotes the malignant progression of DLBCL by 
decreasing p53 expression.

MATERIAL AND METHODS

Cell Culture

Human B lymphocyte (GM12878) and DLBC cell lines (SUDHL4, 
OCI-Ly8, and OCI-Ly7) were brought from Cobioer (Nanjing, 
China). HBL1 DLBC cell line was provided by Shanghai Yaji 
Biotechnology Co., Ltd (China). GM12878 was cultured in Iscove’s 
modified Dulbecco’s medium (IMDM) (Gibco), and SUDHL4 was 
cultured in RPMI 1640 medium (Gibco). Each medium contained 
10% of FBS and 1% of P/S. OCI-Ly8 and OCI-Ly7 were cultured 
in IMDM (Gibco) (20% FBS and 1% P/S). All cells were incubated 
with 5% CO2 at 37°C.

Cell Transfection

OCI-Ly7 cells were cultured (4 × 105 cells) and grew to the cell 
confluence at 70-80% in a 6-well plate. Then, OCI-Ly7 cells 
were transfected with shRNA-NC, shRNA-KDM5C#1, shRNA-
KDM5C#2, Oe-NC, or Oe-HOXD3 using Lipofectamine® 2000 at 
37°C for 1 hour, which were incubated in a complete medium for 
another 48 hours. All nucleic acids used for transfection were from 
Shanghai Genechem Co., Ltd.

Real-Time Quantitative Polymerase Chain Reaction 
(RT-qPCR) Analysis

Total RNA isolated from DLBC cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used as the 
template for reverse transcriptional cDNA using Transcript cDNA 
Synthesis kit (Beijing TransGen Co., Ltd.). Then, RT-qPCRs were 
conducted using the SYBR Premix Ex Taq kit (Beyotime) and 
detected in FTC-3000P real-time PCR system (Shanghai Fengling 
Biotechnology Co., Ltd.). The 2−ΔΔCq method was used to calculate 
the relative RNA levels of the targeted genes.17

Western Blot Analysis

DLBC cells were lysed with RIPA lysis buffer (Invitrogen; 
Thermo Fisher Scientific, Inc.), which was centrifuged to obtain 
the total proteins. Proteins (20 µg) were separated via 12% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to a polyvinylidene fluoride 
(PVDF) membrane which was blocked with 5% non-fat milk 
for 2 hours at room temperature and incubated with KDM5C 
(ab259913, diluted 1/1000, Abcam), B-cell lymphoma 2 
(Bcl2) (ab32124, diluted 1/1000, Abcam), Bax (ab32503, 
diluted 1/1000, Abcam), cleaved caspase 3 (ab32042, diluted 
1/500, Abcam), cytochrome-C (cyto)-C (ab133504, diluted 
1/5000, Abcam), p53 (ab32389, diluted 1/1000, Abcam), p21 
(ab109520, diluted 1/1000, Abcam), HOXD3 (ab190648, 
diluted 1/1000, Abcam), and GAPDH antibody (ab9485, diluted 
1/2500, Abcam) at 4°C overnight. The membranes were washed 
with TBST and incubated with a goat Anti-Rabbit IgG H&L 
(HRP) (ab6721, diluted 1/2000, Abcam) for 1 hour at room 
temperature. Finally, relative protein expression was analyzed 
by Image-Pro Plus software (version 6.0; Media cybernetics, 
Inc.).

Cell Counting Kit-8 Assay

The cell viability was detected by Cell Counting Kit-8 (CCK-8; 
cat. no. CK04; Dojindo, Japan). After OCI-Ly7 cells (5 × 104) 
were incubated at 24 hours, 48 hours, and 72 hours in 96-well 
plates, 10 μL CCK-8 solution was added to each well for another 
incubation for 2 hours. A microplate reader was applied to detect 
the absorbance at 450 nm.

EdU Staining

After transfection for 48 hours, 60 μL OCI-Ly7 cell suspension 
containing 105 cells were smeared on a glass slide. The air-dried 
OCI-Ly7 cells were fixed, permeabilized, and labeled with EdU 
using the BeyoClickTM EdU-488 Cell Proliferation Assay Kit (cat.
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no. C0071S, Beyotime). Then, OCI-Ly7 cells were treated with 
Hoechst 33342 (1 μg/ml) for 15 min at 25°C to stain the nuclei, 
which was observed by an inverted fluorescence microscope 
(Olympus, IX73, Tokyo, Japan).

Acridine Orange-ethidium Bromide (AO/EB) Staining

After transfection for 48 hours, OCI-Ly7 cells (4 × 105) after 
cultured in a 6-well plate for 24 hours were gently washed 
with phosphate buffered saline (PBS) and stained with 100 μL 
mixture of AO/EB dye (1:1). The apoptotic cells were observed 
and photographed immediately using an inverted fluorescence 
microscope (Olympus, IX73, Tokyo, Japan).

Dual-Luciferase Reporter Assay

Luciferase reporter plasmids were pGL3 luciferase vectors 
containing the wild-type (WT) or mutated (MUT) KDM5C (S1/
S2) promoter region. Then, OCI-Ly7 cells were co-transfected 
with Oe-HOXD3 or Oe-NC and luciferase reporter plasmids 
with Lipofectamine® 2000, which were incubated at 37°C for 
48 hours. A dual-luciferase assay kit (Promega) was applied 
to obtain the Firefly luciferase activity and Renilla luciferase 
activity.

Chromatin Immunoprecipitation (ChIP) Assay

Briefly, protein/DNA complexes were obtained from OCI-Ly7 
cells, which were interacted with 1% formaldehyde for 15 min at 
25°C. The samples were sonicated by an ultrasonic cell disrupter 
and obtained DNA fragments. Then the lysate was incubated 
with antibodies against HOXD3 or IgG overnight at 4°C. 
Immunoprecipitated DNAs were analyzed by RT-qPCR.

Statistical Analysis

The experimental data were in normal distribution after the 
 Shapiro–Wilk test and were presented as mean ± standard deviation 
(SD) which were analyzed using GraphPad Prism 8.0 software. 
Difference analysis between two groups was detected by unpaired 
Student’s t-test and among multiple groups was detected by the 
method of ANOVA followed by Tukey’s test. P value < 0.05 was 
considered significant.

RESULTS

KDM5C Expression Was Up-Regulated in DLBC Cell  
Lines and Down-Regulation of KDM5C Inhibited the 

Proliferation of OCI-Ly7 Cells

KDM5C mRNA expression and protein expression in DLBCL 
cells were higher than that in GM12878 cells, and the highest 
expression was in OCI-Ly7 cells (Figure 1a-b). KDM5C 
expression was found to be down-regulated, and KDM5C 
expression in shRNA-KDM5C#1 group was lower than that in 
shRNA-KDM5C#2 group (Figure 1c and 1d). Down-regulation 
of KDM5C suppressed the viability (Figure 1e) and proliferation 
(Figure 1f) of OCI-Ly7 cells.

Down-Regulation of KDM5C Induced Apoptosis of OCI-Ly7 
Cells and Up-Regulated p53 Expression

Down-regulation of KDM5C promoted the apoptosis of OCI-
Ly7 cells (Figure 2a). Accordingly, down-regulation of KDM5C 
decreased the Bcl2 expression while increased the expression of 
Bax, cleaved caspase 3, cyto-C, p53, and p21 in OCI-Ly7 cells 
(Figure 2b-c).

The Transcription Factor HOXD3 Activated the KDM5C 
Promoter

The binding sites between HOXD3 and KDM5C are shown in 
 Figure 3a. HOXD3 mRNA and protein in OCI-Ly7 cells were also 
highly expressed in OCI-Ly7 cells compared with that in GM12878 
cells (Figure 3b-c). HOXD3 mRNA and protein in OCI-Ly7 cells 
were up-regulated (Figure 3d-e). Relative luciferase activity was 
increased in OCI-Ly7 cells co-transfected with KDM5C (S1)-
WT or KDM5C (S2)-WT and Oe-HOXD3 while not changed in 
OCI-Ly7 cells co-transfected with KDM5C (S1)-MUT or KDM5C 
(S2)-MUT and Oe-HOXD3 (Figure 3f). HOXD3 was confirmed 
to interact with KDM5C promoter (Figure 3g). shRNA-KDM5C 
transfection down-regulated the KDM5C mRNA expression 
and protein expression, which could be reversed by HOXD3 
overexpression (Figure 3h-i).

High HOXD3 Expression Weakened the Regulating Effect of 
KDM5C Knockdown on the Proliferation and Apoptosis of 

OCI-Ly7 Cells

Down-regulation of KDM5C restrained the viability (Figure 4a) 
and proliferation (Figure 4b) and enhanced the apoptosis (Figure 
4c) of OCI-Ly7 cells, which could be reversed by HOXD3 
overexpression. In addition, high HOXD3 expression increased the 
Bcl2 expression while decreased the expression of Bax, cleaved 
caspase 3, cyto-C, p53, and p21 in shRNA-KDM5C transfected 
OCI-Ly7 cells (Figure 4d-e).

DISCUSSION

The current study explored the potential role of KDM5C in 
DLBCL malignant progression. We demonstrated that KDM5C 
was up-regulated in DLBCL cells and down-regulation of 
KDM5C inhibited the viability and proliferation and enhanced 
the apoptosis of DLBCL cells. Using JASPAR prediction, 
luciferase activity assay, and ChIP assay, we discovered that 
HOXD3 could bind with KDM5C promoter in DLBCL cells. 
Finally, we confirmed that HOXD3 upregulating KDM5C 
promoted the malignant progression of DLBCL by decreasing 
p53 expression.

DLBCL is the most common clinically invasive B-cell lymphoma 
with significant clinical and molecular heterogeneity.18-20 Despite 
the fact that first-line use of R-CHOP immunochemotherapy 
regimens has significantly improved the rate of complete remission 
in DLBCL patients,21,22 about 30-40% of patients still recurred after 
treatment.23,24

KDM5C is a histone demethylase which can stimulate H3K4me3/
me2 demethylation to H3K4me2/me1.25 The high expression of 
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KDM5C is occurred in prostate cancer, breast cancer, ovarian 
cancer, and other tumor tissues and is involved in the regulation 
of tumor suppressor gene expression.7,26-28 Stein et al.7 have 
reported that down-regulation of KDM5C expression can lead 
to growth arrest of prostate cancer cells, suggesting that KDM5C 
can predict the tumor recurrence after prostate cancer resection. 
Xu et al6 have demonstrated that interference with KDM5C in 
gastric cancer cells can change H3K4 methylation in the promoter 
region of tumor suppressor gene p53 and reduce its proliferation. 
Wang et al.29 have found that interfering with KDM5C in breast 
cancer cells can also change the H3K4 methylation state in the 
promoter region of tumor suppressor gene BRMS1 and reduce the 
ability of cell metastasis. Here, KDM5C expression was found to 
be increased in DLBCL cells compared with that in human B 
lymphocytes. Furthermore, knockdown of KDM5C obviously 
restrained the viability and proliferation while stimulated the 
apoptosis of OCI-Ly7 cells.

HOXD3 can regulate cell proliferation and differentiation in the 
body. In recent years, it has been found that HOXD3 can promote 
the occurrence and development of different malignant tumors 
including breast, lung, and colorectal cancers.30-32 Chen et al.30 

have found that HOXD3 expression is elevated in colorectal 
cancer tissues, and up-regulation of HOXD3 expression in 
colorectal cancer cells can significantly promote cell cycle 
progression and proliferation and reduce cell apoptosis, suggesting 
the pro-proliferation effect of HOXD3 on colorectal cancer 
cells. Wang et al.33 have reported that miR-203a can inhibit the 
proliferation and promote apoptosis of hepatocellular carcinoma 
cells by down-regulating HOXD3 expression. Our data revealed 
that HOXD3 was highly expressed in OCI-Ly7 cells and not in 
human B lymphocytes. And, HOXD3 could interact with KDM5C 
promoter to promote the KDM5C expression, thereby reversing 
the effects of KDM5C knockdown on OCI-Ly7 cells. However, 
how HOXD3 regulate the proliferation and apoptosis of DLBCL 
cells is worthy of being explored.

p53 is encoded by a tumor suppressor gene WT-TP53 and can 
monitor the integrity of cell DNA, participate in DNA repair, 
mediate cell cycle, block apoptosis, and prevent cell autophagy 
from malignant transformation.34,35 The inactivation of p53 in 
cells leads to the occurrence of cancer. Mutations in the TP53 
gene are the main mechanism of p53 inactivation, followed by 
shadow noise of other proteins or non-coding RNA.36 Similar to 

FIG. 1. a-f. KDM5C expression was up-regulated in DLBC cell lines and down-regulation of KDM5C inhibited proliferation of OCI-Ly7 cells. (a/b) 
KDM5C mRNA expression and protein expression in DLBCL cells and GM12878 cells were, respectively, detected by RT-qPCR and Western blot. 
(c/d) KDM5C mRNA expression and protein expression in OCI-Ly7 cells transfected with shRNA-KDM5C#1/2 were, respectively, confirmed by 
RT-qPCR and Western blot. *P < .05, **P < .01 and ***P < .001. (e) The viability of OCI-Ly7 cells transfected with shRNA-KDM5C was analyzed 
by CCK-8 assay. *P < .05 and ***P < .001 vs. control group. ##P < .01 and ###P < .001 vs. shRNA-NC group. (f) The proliferation of OCI-Ly7 cells 
transfected with shRNA-KDM5C was analyzed by EdU staining. N = 3.
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the pro-apoptotic factor and transcriptional regulator in vivo, TP53 
regulates apoptosis by activating downstream Bax, DR-5, and 
caspase. Mutation or overexpression of p53 exists in more than 
50% of human tumors. TP53 mutation is related to the occurrence, 
development, and prognosis of lymphoma.37,38 The mutation rate of 
TP53 in DLBCL was 20%.39 The 3-year DFS and DSS of DLBCL 
patients in the MUT-TP53 group were significantly shortened 
compared with the WT-TP53 group.40 p53-mediated apoptosis 
pathway is an important way for p53 to exert the function of tumor 
suppressor gene, which can directly transcriptionally activate 
the expression of PUMA and then interact with the Bcl-2/Bax 
complex to induce the release of cyto-C in the mitochondrial 
membrane space and activate the caspase level. Apoptosis is 
eventually performed by cleaved caspase-3.41 In this study, p53 
expression was increased in KDM5C knockdown OCI-Ly7 cells, 

which activated the expression of proapoptotic proteins (Bax, 
cleaved caspase 3, and cyto-C) and suppressed the antiapoptotic 
protein (Bcl2) expression. The above changes could be reversed 
by HOXD3 overexpression. However, whether there is a binding 
site between KDM5C and p53 that needs to be investigated and 
whether HOXD3 can regulate p53 expression directly remain 
unknown, which will be explored in the future.

p21 is a cell cycle suppressor with kinase inhibitory activity 
and belongs to the adult family of kinase inhibitors. It mainly 
participates in the negative regulation of cell cycle by down-
regulating the activity of cyclin-dependent kinase (CDK).42,43 
The expression of p21 can be induced by p53, which is an 
important downstream factor of p53 and can also regulate the 
cell cycle.44 p53 can activate the promoters of downstream target 
genes and is involved in tumor proliferation, apoptosis, DNA 

FIG. 2. a-c. Down-regulation of KDM5C induced apoptosis of OCI-Ly7 cells and up-regulated p53 expression. (a) The apoptosis of OCI-Ly7 cells 
transfected with shRNA-KDM5C was analyzed by AO/EB staining. (b/c) The expression of apoptosis-related proteins in OCI-Ly7 cells transfected with 
shRNA-KDM5C was determined by Western blot. **P < .01 and ***P < .001. N = 3.
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FIG. 3. a-i. The transcription factor HOXD3 activated the KDM5C promoter. (a) The binding sites of HOXD3 and KDM5C. (b/c) HOXD3 mRNA 
expression and protein expression in OCI-Ly7 cells and GM12878 cells were respectively detected by RT-qPCR and Western blot. (d/e) HOXD3 
mRNA expression and protein expression in OCI-Ly7 cells transfected with Oe-HOXD3 respectively confirmed by RT-qPCR and Western blot. (f) 
The interaction between HOXD3 and KDM5C was analyzed by dual-luciferase reporter assay. (g) The binding ability of HOXD3 to KDM5C promoter 
was detected by CHIP. (h/i) HOXD3 mRNA expression and protein expression in OCI-Ly7 cells transfected with shRNA-KDM5C and Oe-HOXD3 
respectively confirmed by RT-qPCR and Western blot. *P < .05, **P < .01, and ***P < .001. N = 3.
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FIG. 4. a-e. HOXD3 overexpression reversed the regulating effect of down-regulation of KDM5C on OCI-Ly7 cells. (a) The viability of OCI-Ly7 
cells transfected with shRNA-KDM5C and Oe-HOXD3 was analyzed by CCK-8 assay. **P < .01 and ***P < .001 vs. control group. ##P < .01 vs. 
shRNA-KDM5C+Oe-NC group. (b) The proliferation of OCI-Ly7 cells transfected with shRNA-KDM5C and Oe-HOXD3 was analyzed by EdU staining. 
(c) The apoptosis of OCI-Ly7 cells transfected with shRNA-KDM5C and Oe-HOXD3 was analyzed by AO/EB staining. (d/e) The expression of 
apoptosis-related proteins in OCI-Ly7 cells transfected with shRNA-KDM5C and Oe-HOXD3 was determined by Western blot. *P < .05, **P < .01, and 
***P < .001. N = 3.
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damage, and other important processes. Its regulation of cell 
senescence is accomplished through its target gene p21.45 This 
study showed that p21 expression was increased in KDM5C 
knockdown OCI-Ly7 cells, while opposite results were detected 
in cells over-expressing HOXD, which was regulated by p53 
expression.

There is a limitation in this study. First, the study is only basing 
on the cell experiment. Second, only one DLBCL cell line is 
used to explore the role of KDM5C in DLBCL. Third, we have 
not demonstrated the problems: the regulated role of HOXD3 in 
DLBCL cells, whether there is a binding site between KDM5C and 
p53 and whether HOXD3 can regulate p53 expression directly.

In conclusion, HOXD3 up-regulating KDM5C could promote the 
malignant progression of DLBL by decreasing p53 expression, 
which would provide the fundamental basis for the gene targeting 
treatment.
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