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Abstract
Background  Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoma in adult, characterized by 
uncontrolled cell proliferation and strong aggressiveness. Previous studies have found that cyclin-dependent kinase 
1(CDK1) are related to tumor growth and metastasis. However, the role of CDK1 in DLBCL is exclusive. This study 
investigated the clinical implications and expression of CDK1 in DLBCL.

Methods  Gene expression data for healthy subjects were sourced from the Genotype-Tissue Expression repository. 
Clinical details and survival statistics of patients with DLBCL were obtained from the Gene Expression Omnibus 
archive (GSE10846). Patients were categorized based on CDK1 expression levels, and differences in clinical outcomes 
between the groups were examined. Univariate and multivariate Cox regression analyses were used to ascertain 
whether CDK1 expression independently predicted DLBCL prognosis. The protein expression of CDK1 was gauged by 
immunohistochemistry. Additionally, we investigated the effect of CDK1 inhibition on DLBCL cell growth and death 
using the Cell Counting Kit-8 and flow cytometry.

Results  In the control group, CDK1 expression was predominantly observed in the hematopoietic and reproductive 
systems. CDK1 levels in patients with DLBCL were notably elevated compared with those in controls. Significant 
differences were noted in the lactate dehydrogenase ratio and overall survival based on CDK1 expression. Statistical 
analyses confirmed that CDK1 was an independent predictor of DLBCL outcomes. Elevated CDK1 protein levels were 
observed in a significant number of DLBCL samples, in contrast to normal lymph node samples from individuals 
without lymphoma. The inhibitor Ro-3306 curtails DLBCL cell growth and enhances cell death in vitro.

Conclusions  Elevated CDK1 levels are correlated with poor prognosis in patients with DLBCL.
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Background
Diffuse large B-cell lymphoma (DLBCL) is the predomi-
nant subtype of non-Hodgkin’s lymphoma (NHLs), 
accounting for approximately 30–58% of NHL cases [1]. 
The complexity of DLBCL is evident from its variable 
pathology, immunological presentation, clinical indica-
tors, and patient results [2]. Through gene expression 
profiles, distinct molecular subtypes of DLBCL, includ-
ing activated B cell-like(ABC) and germinal-center B cell-
like (GCB) subtypes, have been characterized, providing 
insights into their varied responses to treatments and 
subsequent prognoses [3]. In recent years, advancements, 
such as those by Schmitz et al., have proposed genetics-
based classifications by dividing DLBCL into unique cat-
egories [4, 5]. Other research groups, such as Chapuy et 
al. and Wright et al., introduced their own genetic sub-
groupings [6, 7].

Notably, despite these classifications, considerable vari-
ability in prognosis exists, even within the same subtype 
[8]. Therefore, molecular and genomic evaluations are 
imperative for the development of optimal therapeutic 
strategies.

A hallmark of malignancy is the unchecked progres-
sion of cell division. In-depth studies have identified 
cyclin-dependent kinases (CDKs) as instrumental in 
tumor development and progression [9, 10]. Specifically, 
CDK1, an integral member of the CDK family, over-
sees the G2/M phase transition during cell division [11]. 
Importantly, its association with the prognosis of diverse 
cancers, from lung to gastrointestinal stromal tumors, 
has been established [12–14]. In the hematological 
realm, elevated CDK1 levels have been identified in the 
bone marrow of patients with recurrent acute myeloid 
leukemia(AML) compared to their initial diagnoses [15] 
and indicating poor prognosis [16]. However, its precise 
role in DLBCL remains unknown.

The Genotype-Tissue Expression (GTEx) project serves 
as a foundational resource, enabling researchers to deci-
pher the connection between genetic anomalies and tis-
sue-specific gene expression [17, 18]. Similarly, the Gene 
Expression Omnibus (GEO) is an invaluable repository 
for a vast array of gene expression datasets contributed 
by the global scientific community [19].

Leveraging these platforms, our endeavor is to authen-
ticate the significance of CDK1 in the context of DLBCL. 
This involves both bioinformatic assessments and tan-
gible protein expression verification through immunohis-
tochemistry (IHC). Furthermore, by probing the impact 
of CDK1 inhibition on DLBCL cellular dynamics, we aim 
to offer fresh perspectives on potential prognostic mark-
ers and therapeutic avenues for DLBCL.

Methods
Data collection and patient characteristics
We extracted the Affymetrix microarray and clinical 
details of patients with DLBCL and healthy individu-
als from the GEO database ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​n​c​b​i​.​n​l​m​.​n​i​h​.​
g​o​v​/​g​e​o​​​​​)​. Healthy control data were obtained from the 
GTEx database (https://gtexportal.org/home/). Dataset 
GSE10846 comprised 420 DLBCL patient microarrays 
using the GPL570 platform. We collected patient char-
acteristics and survival data and discarded incomplete 
datasets. The transcriptional values in fragments per 
kilobase of exon per million reads mapped of GSE10846 
dataset were log 2 transformed into transcript per kilo-
base of exon model per million mapped reads via the 
“scale” method provided in the “limma” R 4.2.1. If a gene 
was repeated in the database, we reserved a row for that 
gene by calculating the mean value. Clinical data were 
obtained from GSE10846, and 114 patients with incom-
plete clinical information were excluded. We used the 
online GEPIA platform ​(​​​h​t​​t​p​:​​/​/​g​e​​p​i​​a​.​c​a​n​c​e​r​-​p​k​u​.​c​n​/​i​n​d​e​
x​.​h​t​m​l​​​​​) to differentiate CDK1 mRNA expression between 
patients with DLBCL and healthy subjects. Raw datasets 
were normalized and log2 transformed via the “limma” 
R package (v4.2.1). The average value was retained for 
repeated genes in the dataset.

Prognostic value of CDK1 in DLBCL patients
Using the X-tile bioinformatics tool, we established a 7.6 
CDK1 threshold for prognosis prediction (Supplemen-
tary Materials ). Subjects were categorized into CDK1low 
(≤ 7.6; N = 45) or CDK1high (> 7.6; N = 261). A compara-
tive analysis of the clinical attributes of the cohort was 
conducted. We employed two-sided log-rank tests 
and Kaplan-Meier survival analysis to discern overall 
survival(OS) disparities between cohorts. Statistical sig-
nificance was set at P < 0.05. Furthermore, Cox regression 
models (both Univariate and multivariate) were used to 
determine the prognostic significance of CDK1 expres-
sion and other clinical factors.

IHC analysis
We obtained lymphoma tissue samples from patients 
with DLBCL and healthy lymph node tissues at the Affili-
ated Huaian No.1 People’s Hospital of Nanjing Medical 
University. Tissue preparation included formalin fixa-
tion, paraffin embedding, and slicing into 3-µm sections. 
Following specific preparation procedures, tissues were 
treated with an anti-CDK1 antibody (1:500 dilution; 
Abcam, ab133327), and the results were interpreted by 
two independent pathologists. The imaging magnifica-
tion was set at 20×. The staining section were reviewed 
and scored as follows by two pathologists: Cells with < 1% 
staining was scored as negative staining (-,0); cells with 
1–33% staining was scored as (+,1); cells with 34–67% 
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staining was scored as (++,2); cells with 67–100% staining 
was scored as (+++,3).

Cell culture and reagents
The DLBCL cell lines U2932, SU-DHL-6, and Su-DHL-4 
were sourced from Shanghai Zhong Qiao Xin Zhou Bio-
technology Co., Ltd. and cultivated under specified con-
ditions (cultured in RPMI-1640 medium [Gibco, CA, 
USA] containing 10% fetal bovine serum at 37  °C in a 
5% CO2 incubator). The CDK1 inhibitor, Ro-3306, was 
obtained from MedChemExpress Co., Ltd.

CCK-8 assay
The proliferation of DLBCL cell lines was assessed using 
the CCK-8 assay (PROTEINBIO, Nanjing, China). The 
U2932, Su-DHL-6, and Su-DHL-4 cell lines were cul-
tured in 96-well plates at a seeding density of 1 × 104 cells 
per well. The cells were exposed to varying concentra-
tions of Ro-3306 or 0.1% DMSO for 24 h. Next, a volume 
of 10 µl of CCK-8 solution was introduced into each well, 
followed by an incubation period of 4 h. Absorbed light 
was detected at a wavelength of 450  nm was ultimately 
accomplished using a microplate reader capable of mea-
suring the entire wavelength range.

Cell apoptosis analysis
The YF-488 Annexin V-FITC and PI Apoptosis Detection 
Kits (P6002) were procured from PROTEINBIO Biotech 
Co., Ltd. (Nanjing, China). DLBCL cells were cultured in 
6-well plates at a density of 1 × 106 cells/well. Cells were 
exposed to varying concentrations of 10 µM Ro-3306 or 
0.1% DMSO for 24 h. Subsequently, the cells underwent 
three rounds of washing with cold PBS, followed by cen-
trifugation at 1000  rpm for 5 min. In each tube, 5 µl of 
YF-488-Annexin V and 5 µl of PI staining solution were 
added. The tubes were incubated in the dark at room 
temperature for 15  min. Next, 400 µL of binding buf-
fer was introduced, and the cells were subjected to flow 
cytometry analysis using the BD FACSCanto II instru-
ment located in CA, USA.

Statistical analysis
Data analysis was performed using R software (version 
4.2.1) and SPSS 26.0. Group-based categorical variable 
differences were assessed using the Mann–‒Whitney U 
test or chi-squared test. Kaplan-Meier analysis was per-
formed to determine the relationship between CDK1 
expression and OS. Survival outcomes between the 
CDK1low and CDK1high groups were compared using 
Kaplan–‒Meier survival curves and the log-rank test. To 
ascertain the optimal CDK1 cutoff, X-tile software (ver-
sion 3.6.1; Yale University, New Haven, CT, USA) was 
used to determine. Both univariate and multivariate Cox 
proportional hazards models were used to identify the 

critical prognostic indicators. Hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated. Signifi-
cant factors from the univariate survival analyses, recog-
nized by a p-value of less than 0.05, were then considered 
for multivariate analysis to confirm CDK1’s prognostic 
significance. Statistical significance was defined as a two-
tailed P-value < 0.05.

Results
Expression of CDK1 at the mRNA level
According to the GTEx database findings, the hemato-
poietic system, particularly within the bone marrow, and 
reproductive organs, such as the vagina and testes, show 
pronounced expression of CDK1. When we juxtaposed 
CDK1 expression levels in DLBCL patients compared 
to those of healthy donors using GEPIA, it was evident 
that CDK1 was expressed at a diminished rate in healthy 
samples compared to DLBCL samples (detailed in Sup-
plementary Figure S1).

CDK1 expression and characteristics of DLBCL patients
We examined data from 306 patients with DLBCL; the 
breakdown of their attributes is shown in Table  1. Of 
these, 56.21% were men, and 45.42% were below the age 
of 60 years. Moreover, 134 of these patients originated 
from the GCB, and 116 exhibited signs of extranodal 
invasion. A significant number of patients were classified 
as either stage II or IV (30.71% and 30.39%, respectively) 
according to the Ann Arbor staging system. Regard-
ing treatment modalities, there was an almost even split 
between patients who received CHOP-like treatment 
and those who received R-CHOP-like treatment (46.41% 
and 53.59%, respectively). Segmentation based on CDK1 
expression revealed 45 patients in the CDK1low cohort 
and 261 in the CDK1high cohort, respectively. An interest-
ing observation was the reduced LDH levels in the CDK-
1low cohort (with a significance value of P = 0.022). Other 
patient characteristics such as sex, age, cell origin, extra-
nodal invasion sites, Ann Arbor stage, ECOG status, and 
treatment modalities did not differ significantly between 
the two CDK1 cohorts.

Prognostic value of CDK1 in DLBCL patients
Subjects were categorized into CDK1low (≤ 7.6; N = 45) or 
CDK1high (> 7.6; N = 261). The CDK1high group had poorer 
OS than did its CDK1low counterpart (Fig. 1), indicating 
its potential as a DLBCL prognosis determinant.

CDK1 expression is an independent prognostic factor of 
DLBCL
Univariate and multivariate analyses were conducted 
to explore prognostic factors influencing OS in patients 
with DLBCL. Our findings pinpointed that the pres-
ence of CDK1 was a crucial predictor of OS in DLBCL 
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patients (P = 0.0008; HR, 0.4843; 95% CI 0.3173–0.7391), 
as depicted in Fig. 2a. Furthermore, when applying mul-
tivariable Cox regression analyses, CDK1 expression 
emerged as an independent predictor of OS in DLBCL 
patients (P = 0.0149, HR 0.5798, 95% CI 0.3738–0.8992) 
(Fig. 2b).

CDK1 protein expression
The role and significance of CDK1 in DLBCL were cor-
roborated by immunohistochemistry. Our findings 
revealed an elevated level of CDK1 protein in lymphoma 
samples compared to that in regular lymph node sam-
ples (Fig. 3a and b). This underscores the fact that lym-
phoma tissues exhibit more pronounced expression of 
the CDK1 protein compared to their normal counter-
parts. Moreover, we detected the expression of CDK1 in 
30 patients with DLBCL by immunohistochemical anal-
ysis and divided the patients into 1+, 2+, and 3 + groups 

according to their CDK1 immunohistochemical scores of 
DLBCL patients. The results of the analysis of the clini-
cal characteristics among the three groups are reported 
in Supplementary Table 1. The expression level of CDK1 
was closely related to the Ki-67 positive rate of patients, 
and DLBCL patients with higher CDK1 expression had a 
higher Ki-67 positive rate (P = 0.024).

Ro-3306 inhibited proliferation and promoted apoptosis of 
DLBCL cells in vitro
The effect of Ro-3306 on DLBCL cell proliferation was 
assessed using the CCK-8 assay. The proliferation of 
DLBCL cells was inhibited in a concentration-dependent 
manner by Ro-3306, as shown in Fig. 4a, b, and c. Subse-
quently, DLBCL cells were subjected to a 24-hour treat-
ment with Ro-3306. Flow cytometry analysis revealed 
that the administration of Ro-3306 induced apoptosis in 
DLBCL cells (Fig. 5a-f ). This emphasizes that CDK1 inhi-
bition can potentially curtail DLBCL cell proliferation 
and enhance apoptosis, thus shedding light on potential 
therapeutic strategies.

Discussion
DLBCL is undeniably complex. While R-CHOP remains 
the therapeutic cornerstone for DLBCL, the sad reality 
is that 30–40% of those treated will find little solace in 
it, often succumbing to treatment resistance and conse-
quent grim clinical outcomes [20]. Thus, refining the risk 
classifications for DLBCL is imperative to tailor treat-
ments according to individual needs. In this domain, 
tumor biomarkers are potential indicators. In this study, 
we highlighted the prognostic value of CDK1 in DLBCL 
by leveraging both bioinformatics assessments and IHC 
analysis validations to provide comprehensive insights.

We initially juxtaposed CDK1 expression between nor-
mal and DLBCL samples. Our findings unequivocally 
indicated subdued CDK1 expression in healthy donors 
compared with that in DLBCL patients. When analyz-
ing survival patterns across the CDK1low and CDK1high 
groups, a conspicuous trend emerged; heightened CDK1 
expression was strongly correlated with adverse out-
comes in patients with DLBCL. Risk plots further cor-
roborated this finding, with patient risk scores revealing 
distinct survival status bifurcations based on CDK1 
expression. High CDK1 levels are associated with dimin-
ished survival odds and increased mortality rates. Both 
univariate and multivariate analyses reinforced CDK1’s 
role as a prognostic factor for DLBCL. Furthermore, we 
performed immunohistochemistry to investigate the 
CDK1 expression patterns in DLBCL. These results dem-
onstrated a correlation between LDH and CDK1 expres-
sion. LDH, a key enzyme in glycolysis, was included in 
the risk assessment of the International Prognostic Index 
in 1993 and is one of the most significant indicators for 

Table 1  Characteristics of 306 subjects with diffuse large B-cell 
lymphoma (DLBCL)
Characteristics Total

(n = 306)
CDK1-
high
(n = 45)

CDK1-low 
(n = 261)

P

Gender(%) 0.674
male 172(56.21) 24(53.33) 148(56.70)
female 134(43.79) 21(46.67) 113(43.30)
Age(%) 0.429
<60 139(45.42) 18(40) 121(46.36)
≥ 60 167(54.58) 27(60) 140(53.64)
Cell of origin(%) 0.104
GCB 134(43.79) 26(57.78) 108(41.38)
ABC 125(40.85) 15(33.33) 110(42.15)
UC 47(15.36) 4(8.89) 43(16.48)
Count of extranodal
invasion(%)

0.100

0 190(62.09) 23(51.11) 167(63.98)
≥ 1 116(30.39) 22(48.89) 94(36.02)
LDH ratio(%) 0.022
≤ 1 157(51.31) 16(35.56) 141(54.02)
>1 149(48.69) 29(64.44) 120(45.98)
Ann-Arbor stage(%) 0.307
I 50(16.34) 7(15.57) 43(16.48)
II 94(30.71) 14(31.11) 80(30.65)
III 69(22.55) 6(13.33) 63(24.14)
IV 93(30.39) 18(40) 75(28.74)
ECOG(%) 0.386
0 69(22.55) 7(15.56) 62(23.75)
1 162(52.94) 24(53.33) 138(52.87)
2 48(15.69) 7(15.56) 41(15.71)
3 22(7.19) 5(11.11) 17(6.51)
4 5(1.63) 2(4.44) 3(1.15)
Treatment(%) 0.183
CHOP-like 142(46.41) 25(55.56) 117(44.83)
R-CHOP-like 164(53.59) 20(44.44) 144(55.17)
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Fig. 2  Illustration of Cox regression outcomes. (A, B) Singular and collective Cox regression examinations of participants from the GSE10846 dataset

 

Fig. 1  Survival analysis graph showing OS across different risk categories for DLBCL patients
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predicting the prognosis of non-Hodgkin’s patients [21]. 
The increase in glycolysis leads to a continuous increase 
in LDH synthesis and stimulation of surrounding tissues, 
and a large amount of reactive LDH is released and even-
tually detected in the peripheral blood [22]. Moreover, 
DLBCL patients exhibiting high expression of CDK1 also 
presented elevated levels of LDH, indicating increased 
disease severity in these individuals. This observation 
was further supported by our investigation of the effects 
of anti-CDK1 treatments on the behavior of DLBCL cells, 
specifically regarding their proliferative and apoptotic 
dynamics.

Previous studies have highlighted the deleterious con-
sequences of CDK1 dysfunction, linking it to aggressive 
tumor expansion, chromosomal anomalies, and cancer 
cell proliferation spurts [23]. Specifically, its overexpres-
sion has also been implicated in various cancers, result-
ing in poor prognosis in colorectal, cervical, and thyroid 

cancers [24–26]. A study by Radomska et al. underscores 
CDK1’s potential as a therapeutic target, especially in 
FLT3ITD mutant leukemia contexts resistant to conven-
tional FLT3 inhibitors [27]. Similarly, targeting CDK1 in 
OCI-AML3 cells with DNMT3A mutations resulted in 
noticeable proliferation restraint and increased apopto-
sis rates [28]. Despite these insightful findings, the role 
of CDK1 in DLBCL remains unexplored. In fact, as early 
as more than 20 years ago, the prognostic significance of 
CDK1 in lymphoma patients was discovered, and studies 
pointed out that CDK1 showed a significant prognostic 
value in complete remission and overall survival of non-
Hodgkin patients [29]. Subsequent studies identified 
phosphorylation of p70S6K and overexpression of Cdc2/
CDK1 in most patients with DLBCL. Combining small 
molecules that target p70S6K phosphorylation and Cdc2/
CDK1 synergistically induces apoptosis and arrests the 
cell cycle at G1 and G2 phases, indicating their potential 

Fig. 4  Illustration of Ro-3306’s influence on DLBCL cell growth. (A) U2932 cells, (B) Su-DHL-6 cells, and (C) Su-DHL-4 cells were arranged in 96-well formats 
and subjected to various concentrations of Ro-3306 or a 0.1% DMSO solution for 24 h. Cell viability was gauged using CCK8 solution, with measurements 
taken at 450 nm using a full-spectrum plate reader

 

Fig. 3  Visual representation of CDK1 protein levels in lymphoma samples (A) and in regular lymph node samples (B) as determined by immunohistochemistry
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as molecular targets for DLBCL therapy [30]. Burkitt’s 
lymphoma, a common lymphatic system cancer in adults 
with poor prognosis, shows suppressed cell prolifera-
tion following CDK1 knockdown in Burkitt lymphoma 
cells [31]. In Raji cells, CDK1 knockdown restores the 
drug sensitivity of Raji/dinaciclib-resistant cell lines to 
dinaciclib, highlighting the therapeutic potential of tar-
geting CDK1 in lymphoma treatment [32]. In addition, 
the simultaneous targeting of CDK1 and survivin showed 
favorable therapeutic effects in a mouse model of nasal 
NK/T-cell lymphoma [33]. Our study attempted to bridge 
this knowledge gap by suggesting the potential of CDK1-
focused therapeutic strategies for DLBCL treatment.

It is important to acknowledge the limitations of the 
present study. Therefore, there is an urgent need for an 
in-depth exploration of the underlying mechanisms. Fur-
thermore, given that our insights are anchored in public 

databases, real-world validation through clinical trials in 
patients with DLBCL is indispensable.

Conclusions
CDK1 was highly expressed in DLBCL and was associ-
ated with poor prognosis. CDK1 inhibitors showed to 
inhibit proliferation and promote apoptosis of DLBCL 
cells. CDK1 was a potential target for DLBCL therapy.
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