
Cyclin-Dependent Kinase 11 (CDK11) is Crucial in the Growth of
Liposarcoma Cells

Bin Jiaa,b, Edwin Choya, Gregory Cotea, David Harmona, Shunan Yea, Quancheng Kanb,
Henry Mankina, Francis Horniceka, and Zhenfeng Duana

aSarcoma Biology Laboratory, Center for Sarcoma and Connective Tissue Oncology,
Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA

bDepartment of Pharmacology, the First Affiliated Hospital of Zhengzhou University, Zhengzhou,
Henan, China

Abstract

Liposarcoma is the second most common soft tissue sarcoma in adults, but treatment options have

been quite limited thus far. In this study, we investigated the functional and therapeutic relevance

of cyclin-dependent kinase 11 (CDK11) as a putative target in liposarcoma. CDK11 knockdown

by synthetic siRNA or lentiviral shRNA decreased cell proliferation, and induced apoptosis in

liposarcoma cells. Moreover, CDK11 knockdown enhances the cytotoxic effect of doxorubicin to

inhibit cell growth in liposarcoma cells. These findings suggest that CDK11 is critical for the

growth and proliferation of liposarcoma cells. CDK11 may be a promising therapeutic target for

the treatment of liposarcoma patients.
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1. Introduction

Liposarcoma is the second most common soft tissue sarcoma in adults. Histologically,

liposarcoma is mainly classified into four distinct categories: well differentiated,

dedifferentiated, myxoid, and pleomorphic [1,2]. Surgery serves as the primary therapy for

liposarcoma. Doxorubicin alone or in combination with ifosfamide is often used as a first-

line regimen in patients with high risk of recurrence or metastatic liposarcoma, and other
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agents are used with modest benefit, but the impact of chemotherapy in liposarcomas

remains controversial [3,4]. There has been no significant progress in improving the survival

rate of recurrent or metastatic liposarcoma for almost three decades. The median overall

length of survival in metastatic liposarcoma is 11.5 months and the 5-year disease-specific

survival rate is only 5.2% [5]. Therefore, there is need to identify novel therapeutic

strategies to improve patient outcomes.

During the last decade, protein kinase targeted therapies have been shown to be effective in

treating many cancers. For example in sarcomas, the small molecule inhibitor of c-Kit,

imatinib, has dramatically changed the treatment and prognosis of gastrointestinal stromal

tumors (GIST) [6]. Several protein kinase pathways have been found to be up-regulated or

amplified in liposarcomas, including the proto-oncogenes PI3K/AKT [7] and C-Jun [8,9].

Amplification and over-expression of these kinase pathways are thought to be an early and

essential part of the oncogenic program of liposarcoma. However, the roles of most human

protein kinases in liposarcoma remain largely unknown.

Recently, the Cyclin-Dependent Kinases (CDKs), a family of protein kinases, have been

established as master regulators of cell growth/proliferation and apoptosis, and thus

inhibitors of CDKs have been explored as a novel therapeutic strategy in malignancy

[10,11]. Although to this date no cell cycle protein kinase inhibitors have been approved as

an anticancer drug, several CDKs inhibitors (flavopiridol and dinaciclib) have entered

clinical trials in chronic lymphocytic leukemia, non-Hodgkin's lymphoma, renal, prostate,

colon and gastric carcinomas patients [10,12–14]. Flavopiridol, a pan-CDK inhibitor and

targeting CDK2, CDK4, CDK6 and CDK9, is associated with cell-cycle arrest and

subsequent apoptosis [15,16]. More recently, a phase II study was performed to determine

the safety and efficacy of CDK4 inhibitor PD0332991 in patients with advanced CDK4-

amplified liposarcoma [11]. The results showed that treatment with PD0332991 displayed a

favorable disease progression-free rate in liposarcoma patients. These ongoing clinical trials

appeared promising and will facilitate the development of more potent CDK-based

therapeutic compounds.

In previously work we screened osteosarcoma cell lines with the lentiviral shRNA kinase

library, consistently identifying that knockdown of CDK11 expression led to inhibited

growth and induction of apoptosis in both in vitro and in vivo models [17]. CDK11

(formerly known as PITSLRE or CDC2L1) is a member of the extended family of p34cdc2-

related kinases [18]. At least 10 CDK11 isoforms have been cloned in eukaryotic cells, and

the major isoforms are CDK11p110 [19,20], CDK11p58 [21,22], and CDK11p46[23].

Although no clear mechanistic functions for CDK11 are known in tumor cells, the larger

CDK11p110 isoform has been reported to have effects on the regulation of transcription and

RNA splicing [24–26]. CDK11p110 is ubiquitously expressed in tumor cell lines and

constantly through the cell cycle [27]. Although we have observed that knockdown of

CDK11 p110 decreased cell viability and increased apoptosis in osteosarcomas [17], the

significance of CDK11 p110 signaling in liposarcomas is unknown. Therefore, in this study,

we first comparatively examined the expression of CDK11 p110 in liposarcoma and lipoma

(benign tumor) tissue microarray by Immunohistochemical analysis. Furthermore, we

evaluated the function role of CDK11 p110 in the growth and proliferation of liposarcoma.
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2. Materials and Methods

2.1 Tissue array and immunohistochemistry (IHC)

The human liposarcoma and lipoma tissue array was purchased from Imgenex Corporation

(CA, USA). Lipomas, as the control group of liposarcomas, are the most common benign

tumor and are composed of adipose tissue. Immunohistochemistry was conducted with

HRP-DAB System Cell and Tissue Staining Kit (R&D Systems, CA, USA) according to the

manufacturer’s protocol. Briefly, paraffin embedded slide was baked at 62°C for 60 minutes,

then deparaffinized with xylenes and rehydrated. Antigen retrieval was performed using

heat-induced epitope retrieval (water bath in antigen retrieval solution). The slides were

incubated with peroxidase blocking reagent for 5 minutes, blocked with serum blocking

reagent for 15 minutes, incubated with avidin and biotin blocking reagent for 15 minutes,

and probed with rabbit anti-CDK11 (SC-928; 1:50 dilution; Santa Cruz Biotechnology, Inc.,

Texas, USA.) at 4°C overnight. After washing, the tissue slide was probed with biotinylated

anti-rabbit secondary antibody (BA-1000; Vector Laboratories Inc., CA, USA) for 1 hour,

and HSS-HRP was added for 30 minutes. DAB Chromogen Solution was added to cover the

entire tissue section and incubated for 8 minutes. The tissue array was counterstained using

hematoxylin QS (Vector Laboratories Inc., CA, USA), dehydrated, and mounted with

Vectamount AQ (Vector Laboratories Inc., CA, USA). The slide was imaged using a Nikon

Eclipse Ti-U fluorescence microscope (Nikon Corp., Melville, New York, USA) with a

SPORT RT digital camera (Diagnostic Instruments Inc., MI, USA).

The degree of immunostaining of tissue array was viewed and scored separately by two

independent investigators, who were blinded to the histopathological features and patient

details of the samples. The proportion of positively stained tumor cells was staged as

follows: 0 (no positive nuclear staining of CDK11 tumor cells), 1+ (<10% positive tumor

cells), 2+ (10–25% positive tumor cells), 3+ (26–50% positive tumor cells), 4+ (51–75%

positive tumor cells), 5+ (>75% positive tumor cells). A staining score of ≥ 3 was used to

define tumors with high expression and a staining index ≤ 2 was used to define tumors with

low expression of CDK11.

2.2 Cell lines and cell culture

The human liposarcoma cell lines, SW872 and SW982, were purchased from the American

Type Culture Collection (Maryland, USA). Both the liposarcoma cell lines were cultured in

DMEM (HyClone, Thermo Fisher Scientific Inc., Waltham, MA, USA) supplemented with

10% fetal bovine serum (HyClone), penicillin (100 mg/ml), and streptomycin (100 mg/ml;

Invitrogen, Grand Island, NY, USA). Cells were maintained in a humidified atmosphere

containing 5% CO2–95% air at 37oC. Light microscopy images were documented using a

Zeiss microscope from Carl Zeiss, Inc., (Oberkochen, Germany) with an attached Nikon

D40 digital camera from Nikon Corp. (Melville, New York, USA).

2.3 Synthetic CDK11siRNA and transfection

CDK11 knockdown in liposarcoma cells were performed by transfection of synthetic human

CDK11 siRNA (AM16708; Ambion at Applied Biosystems, Foster City, USA). The siRNA

sequence targeting CDK11 corresponded to coding regions (5’-
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AGAUCUACAUCGUGAUGAAtt-3’, antisense 5’-UUCAUCACGAUGUAGAUCUtg-3’)

of the CDK11 gene. The nonspecific siRNA oligonucleotides (AM4637; Applied

Biosystems) were used as negative controls. 5,000 cells per well were seeded in 96-well

plates with complete growth medium without antibiotics and transfected with nonspecific

siRNA or CDK11 siRNA. Transfections were performed with LipofectamineTM

RNAiMAX (Invitrogen) following the manufacturer’s instructions.

2.4 Proliferation assay

Effects of CDK11 siRNA on cellular growth and proliferation were assessed in vitro using

the MTT assay. 5000 cells were seeded in 96-well plates with complete growth medium

without antibiotics and transfected with non-specific siRNA or CDK11 siRNA. After 6 days

of culture, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT, Sigma-

Aldrich, St. Louis, MO, USA) was added to each well and absorbance was read using a

SPECTRAmax Microplate Spectrophotometer (Molecular Devices, Sunnyvale, CA, USA).

2.5 Lentiviral human CDK11 shRNA and transfection

Five lentiviruses carrying different shRNA sequences targeting human CDK11 kinase genes

were chosen from MISSION LentiExpress Human Kinases shRNA library (SHX001;

Sigma-Aldrich, St. Louis, MO, USA). The sequences of 5 shRNA target different sites of

CDK11 were TRCN0000006206 (5’-GCCGAAGAAGTAAGTGAGGAA-3’),

TRCN0000006207 (5’-CGATCAGATCAACAAGGTGTT-3’), TRCN0000006208 (5’-

CGGAAACGACATCGAGAAGAA-3’), TRCN0000006209 (5’-

CGGCCTCAAGCATGAGTATTT-3’) and TRCN0000006210 (5’-

CAGATGAAATTGTGGCTCTAA-3’). Negative control shRNA lentiviral particles include

pLKO.1-puro Control (SHC001V, Sigma-Aldrich) and shRNA non-target control

(SHC002V, Sigma-Aldrich). Transfection was carried out by following the manufacturer’s

protocol. Briefly, 2000 cells in fresh media were added to the number of wells needed for

each construct in a 96-well plate. Then Hexadimethrine bromide (final concentration 11.3

μg/ml, Sigma-Aldrich) was added to each well. Puromycin (1 μg/ml, Sigma-Aldrich) was

added to the cells in fresh media to select for stable cell transfection on day 3. After 6 days,

all cells were transferred to flasks to observe long-term silencing of CDK11 in cells. After

establishment of stable cell transfection for 30 days, all cells were collected and total cell

numbers were counted using a Bright-Line™ Hemacytometer (Cambridge Instruments, Inc.,

NY, USA).

2.6 Chemotherapeutic response assay

Cytotoxicity was determined by MTT assay as described above [28]. 5,000 cells were plated

into each well of a 96-well plate. After 24 hours of CDK11 siRNA transfection, the cells

were treated with or without doxorubicin for 6 days. MTT (Sigma-Aldrich) was added to

each well and absorbance was read using a SPECTRAmax Microplate Spectrophotometer

(Molecular Devices). The relative absorbance values were normalized by assigning the

absorbance value of cells without CDK11siRNAand doxorubicin treatment. Experiments

were performed in triplicate.
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2.7 Protein preparing and western blotting

Total protein was isolated with RIPA Lysis Buffer (Upstate Biotechnology, New York,

USA) 60–65 hours after CDK11 siRNA transfection. The concentration of the protein was

determined by protein assay reagents (Sigma-Aldrich, St. Louis, MO, USA) with a

spectrophotometer (Beckman Du-640, Beckman Instruments, Inc., Indianapolis, IN).

Western blotting was performed as follows: denatured proteins were run on an SDS-PAGE

gel, and then transferred to nitrocellulose membrane. Membranes were blocked in 5% nonfat

milk for two hours, and probed with rabbit polyclonal antibody (SC-928) to human CDK11

(1:500 dilution) or mouse monoclonal antibody to human β-actin (A2228; Sigma-Aldrich,

St. Louis, MO, USA)at 4°C overnight. Following primary antibody incubation, membranes

were washed with TBST, and Goat anti-Rabbit IRDye® 800CW or Goat anti-mouse IRDye®

680LTsecondary antibody (1:2000 dilution) (926-32211 and 926-68020; LI-COR

Biosciences, NE, USA) was added respectively. Bands were detected using Odyssey for

Infrared Fluorescent Western Blots from LI-COR Bioscience (Lincoln, NE, USA).

Quantification analysis of Western blot results was performed with Odyssey software 3.0

(LI-COR Bioscience, Lincoln, Nebraska, USA). All other antibodies used in this study were

purchased from Santa Cruz Biotechnology or Cell Signaling Technologies.

2.8 Immunofluorescence

To visualize immunofluorescence of CDK11 expression, SW872 and SW982 were

transfected with nonspecific siRNA or CDK11 siRNA in 12-well chambers for 60–65 hours.

The samples were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA)

in PBS for 15 min at room temperature. The samples were then permeabilized with ice-cold

methanol (Sigma-Aldrich) for 10 min. Then samples were blocked in 1% BSA (Sigma-

Aldrich) in PBST for 30 min to block unspecific binding of the antibodies. Following

incubation with CDK11 primary antibody (1:50 dilution, Santa Cruz Biotechnology) or β-

actin (1:200 dilution, Sigma-Aldrich) at 4°C overnight, samples were incubated with Alexa

Fluor 488 (Green) conjugated goat anti-rabbit antibody (A-11034; Invitrogen, Grand Island,

NY, USA) and Alexa Fluor 594 (red) goat anti-mouse antibody (A-11032; Invitrogen,

Grand Island, NY, USA) for one hour. Finally, Hoechst 33342 (1μg/ml, Invitrogen) was

added to counterstain the cell nucleus. Cells were then imaged on a Nikon Eclipse Ti-U

fluorescence microscope (Nikon Corp., Melville, New York, USA) equipped with a SPOT

RT digital camera from Diagnostic Instruments, Inc. (MI, USA).

2.9 Statistical analysis

All statistical analyses were carried out using the GraphPad PRISM 5 software from

GraphPad Software, Inc (San Diego, CA, USA). The student t test was used to analyze the

differences between two groups. Data were analyzed by the one-way ANOVA followed by

Tukey post-hoc test. In all cases, results are expressed as mean ± SD and P<0.05 was

considered statistically significant.
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3. Results

3.1 CDK11 is highly expressed in liposarcoma as compared with lipoma tissues

To compare the expression of CDK11 between benign lipoma and liposarcoma tissues,

CDK11 protein levels were analyzed by immunohistochemistry using lipoma and

liposarcoma tissue microarray. The results showed that protein expression level of CDK11

was significantly higher in liposarcoma samples (2.6 ± 0.20) than in lipoma samples (0.56 ±

0.18) (Fig. 1A). High expression of CDK11 (CDK11 staining ≥ 3) was identified in 58.5%

of liposarcoma (Table 1), whereas it was not observed in lipoma tissues, suggesting that

CDK11 expression may play an important role in the growth of liposarcoma. Moreover, in

the liposarcoma tissues, 38 (92.7%) of 41 samples were positive when tested for CDK11

staining, yet 5 (55.6%) of lipoma tissues were positive. These results also showed that the

CDK11 protein was mainly localized in the nucleus of liposarcoma cells (Fig. 1B) which is

consistent with our prior publication in osteosarcoma cells [17].

3.2 CDK11 expression is critical for liposarcoma cell growth and survival

To characterize the functional role of CDK11 in liposarcoma, synthetic human CDK11

siRNA was transfected into two liposarcoma cell lines SW872 and SW982 (Fig. 2A and

2B). The results revealed that CDK11 siRNA inhibits liposarcoma cell growth and

proliferation. Meanwhile, the expression of CDK11 was measured in siRNA transfected

cells. Western blot analysis suggested that down-regulated expression of CDK11 protein by

CDK11 siRNA is associated with the inhibition of cell growth (Fig. 2C). SW872 and

SW982 cells were also transfected with CDK11 siRNA in a dose-dependent manner. The

dose-dependent inhibition of liposarcoma cell growth and survival was observed,

accompanied by down-regulated expression of CDK11 protein (Fig. 3).

To further analyze the long-term effects of CDK11 expression knockdown on liposarcoma

cell lines, five lentiviruses carrying different shRNA sequences targeting human CDK11

kinase genes were transfected into SW982 cells. After puromycin selection, lentivirus-

transfected cells were collected and total cell numbers were counted. Compared to SW982

cells without puromycin and negative shRNA lentiviral controls, transfection with CDK11

shRNA lentiviruses significantly reduced cell growth and survival in SW982 cells (Fig.4A).

Puromycin had little or no effect on negative shRNA lentiviral controls. The results show

that CDK11shRNA (TRCN0000006208) inhibited liposarcoma cell growth by 66.7%,

whereas the other four CDK11 shRNA lentiviruses significantly decreased cell growth by

90–100% (Fig. 4A).

The effect of CDK11 expression on liposarcoma cell growth and the subcellular localization

of CDK11 were further evaluated by immunofluorescence assay. Consistent with the results

of liposarcoma tissue microarray, the immunofluorescence assay (Fig. 5) also showed that

the CDK11 protein was mainly localized in the nucleus of liposarcoma cells. These data are

comparable with CDK11 expression in osteosarcoma which also showed nucleus

localization in previous studies. The data of CDK11 immunofluorescence analysis further

confirmed that compared with cells transfected with nonspecific siRNA, SW872 and SW982

cells expressed much lower levels of CDK11 after being transfected with CDK11 siRNA.

Jia et al. Page 6

Cancer Lett. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3.3 CDK11 knockdown may induce apoptosis in liposarcoma cell lines

To investigate how CDK11 inhibited tumor cell growth and survival, western blotting was

performed on several apoptotic related proteins (MCL-1, Bcl-XL, Bax, Survivin,

Cytochrome C, and Cyclin D1) after CDK11 knockdown in liposarcoma cell lines SW872

and SW982(Fig. 6A). After the cells were transfected with increasing concentrations of

CDK11 siRNA, the expression levels of CDK11 decreased, which was not observed with

the nonspecific siRNA transfection. Two anti-apoptotic proteins (Cyclin D1 and Survivin)

were highly expressed in liposarcoma, and transfection of CDK11 siRNA significantly

down-regulated the expression of these anti-apoptotic proteins in both SW872 and SW982

cells (Fig. 6B).In addition, decreased expression of another anti-apoptotic protein

Cytochrome C was associated with transfection of CDK11 siRNA in SW872. Thus, these

results indicate that knockdown of CDK11 by siRNA could induce cell apoptosis via down-

regulation of anti-apoptotic proteins Cyclin D1 and Survivin in liposarcoma cells.

3.4 CDK11 knockdown CDK11 knockdown enhances the cytotoxic effect of
chemotherapeutic agent in liposarcoma cell lines

High level expression of CDK11 may contribute to the survival advantage of liposarcoma

cells, in part through the induction of anti-apoptotic regulatory proteins such as Cyclin D1

and Surivivin. We hypothesized that inhibition of CDK11 pathway in liposarcoma may

lower the apoptotic threshold and increase chemotherapy sensitivity. To determine whether

CDK11 down-regulation influenced chemotherapeutic agents’ effects on liposarcoma cells,

SW872 and SW982 cells were transfected with CDK11 siRNA and then incubated with

doxorubicin, a commonly used chemotherapy drug in the treatment of liposarcomas. 5nM

and 10nM of CDK11 siRNA were chosen for SW872 and SW982, respectively, which

inhibited the growth of liposarcoma cells by about 30% (Fig. 7A and B). Western blotting

confirmed decreased expression of CDK11 in liposarcoma cells at these concentrations of

CDK11 siRNA (Fig. 7C and 7D). The combination of CDK11 siRNA and doxorubicin

significantly inhibited cell growth and survival compared to those from each treatment alone

in SW872 and SW982 cell lines (Fig. 7A and B). Thus, our results show that CDK11

knockdown enhances the cytotoxic effect of doxorubicin to inhibit cell growth in

liposarcoma cell lines.

4. Discussion

This study begins by examining the expression of CDK11 in liposarcoma compared with

lipoma, a common benign soft tissue tumor composed of adipose tissue. Our study shows

little to no expression of CDK11 in lipoma, whereas CDK11 expression is significantly

higher in liposarcoma. This suggests that CDK11 may play an important role in the

proliferation of liposarcoma. Though there are currently no studies on CDK11 in

liposarcoma, the function of CDK4 has been elucidated in liposarcoma [11,29–32]. CDK4, a

catalytic subunit of the protein kinase complex, is important for cell cycle G1 phase

progression. CDK4 is known to be amplified in well- and dedifferentiated liposarcomas

specifically [29,30] and expressed up to 10–fold higher in liposarcoma than in normal fat

tissues [31]. These results are consistent with our findings of increased CDK11 expression

in liposarcoma. Inhibition of cell proliferation by short hairpin RNA (shRNA)-based

Jia et al. Page 7

Cancer Lett. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



knockdown of CDK4 has been reported in liposarcoma cell lines [32]. Our study shows that

CDK11 knockdown by synthetic siRNA and lentivirus shRNA inhibited liposarcoma cell

growth and survival (Fig. 3 and 4), which implies again that CDK11 plays an important role

in liposarcoma cell proliferation and growth. There is currently one CDK4 inhibitor

(PD0332991) has exciting results in early phase clinical trials of liposarcoma [11,33]. This

has motivated the search for synthetic inhibitors of other highly expressed CDKs in cancer,

such as CDK11.

Previous studies have reported that the CDK11 protein localizes to both splicing factor

compartments and to the nucleoplasm [26]. We show that the location of CDK11p110 is

mainly in the nucleoplasm as measured by immunofluorescence and immunohistochemical

staining of CDK11 protein (Fig. 1B and 5). The results are consistent with our previous

study of CDK11 in osteosarcoma cells [17].

To elucidate the molecular mechanisms underlying the effects of CDK11 in liposarcoma

cells, several apoptotic related proteins were examined after induction of cell death by

CDK11 knockdown in liposarcoma cell lines. Our study showed that anti-apoptotic proteins

are reduced by CDK11knockdown in liposarcoma cell lines, suggesting that CDK11 is

involved in apoptosis signaling. Similarly, the pro-apoptotic effect of synthetic siRNA

against CDK11 was reported in osteosarcoma cell lines [17]. Many studies have also found

CDK11p58 to be closely associated with apoptosis and cell cycle arrest in vitro and in vivo

[34,35], and that CDK11p46 is involved in apoptotic signaling [36]. Our study suggests that

CDK11p110 is also involved in apoptosis signaling in liposarcoma.

Another potential mechanism of CDK11 knockdown- induced cell growth inhibition and

apoptosis in liposarcoma cells may related to the crucial role of CDK11 involved in the

regulation of cellular RNA transcription and processing. CDK11 is part of large-molecular-

weight complexes that also contain general pre-mRNA splicing factors, RNA polymerase II,

and transcriptional elongation factors [42,43]. CDK11 may therefore couple transcription

and pre-mRNA splicing by their effect(s) on certain proteins required for these processes

(cell cycle progression and apoptosis) [42,43]. For example, CDK11 interacts with the

general pre-mRNA splicing factors RNPS1 and 9G8, RNA polymerase II (RNAP II),

CyclinL, casein kinase 2 (CK2) and checkpoint kinase 2 (CHK2)[20, 42,43].

CDK11 knockdown also enhances the cytotoxic effect of chemotherapeutic agent

doxorubicin in liposarcoma cell lines, suggesting that combination therapies could be

explored in liposarcoma clinical trials. These results are consistent with a recent preclinical

and phase I study of the Pan-CDK inhibitor flavopiridol combined with doxorubicin in soft

tissue sarcoma [37]. The results of the phase I clinical trial [37] also showed that a

combination of fixed dose doxorubicin followed by escalating doses of flavopiridol is well

tolerated and there were some patients with durable responses over 12 weeks. Interestingly,

encouraging clinical effects can be achieved with adjuvant flavopiridol and doxorubicin

treatment for pancreas and breast cancer patients [38]. Similarly, several clinical trials show

that treatment with flavopiridol and other chemotherapeutic drugs (FOLFIRI, irinotecan

etc.) remain a safe and effective regimen against advanced solid cancers [39–41].
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In conclusion, we showed high expression of CDK11 in liposarcoma and that cell growth/

proliferation of liposarcoma can be decreased by inhibiting CDK11. This effect was

enhanced when CDK11 knockdown was combined with chemotherapeutic agents. These

results suggest that CDK11 may be a promising therapeutic target for liposarcoma patients.

Future studies on the signaling pathway and molecular mechanisms of CDK11 and cell

growth have yet will be required. Elucidating these mechanisms will further help us to

understand the functions of CDK11 in liposarcoma and to develop novel strategies for anti-

cancer drugs.
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Fig 1.
CDK11 is expressed higher in liposarcoma than in lipoma tissues. A, distribution of CDK11

staining scores among the lipoma and liposarcoma tissues. The student t test was used to

analyze the differences between two groups. B, representative images of different

immunohistochemical staining intensities of CDK11 are shown in lipoma and liposarcoma

tissues. For CDK11 immunohistochemical staining, the percentage of cells showing positive

nuclear staining for CDK11 was calculated by reviewing the entire spot.

Jia et al. Page 13

Cancer Lett. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig 2.
Transfection with synthetic CDK11 siRNA decreases cell proliferation in SW872 and

SW982 cells. (A) Cell growth and proliferation of SW872 and SW982 was determined by

transfection with either nonspecific siRNA or CDK11 siRNA at 40nmol/L concentration.

(B) Representative images of liposarcoma cells after transfection of nonspecific siRNA or

CDK11 siRNA in 96-well plate. (C) Western blotting confirmed that knockdown of CDK11

by transfection with 40nmol/L siRNA significantly decreased the CDK11protein expression.
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Fig 3.
Inhibition of CDK11 expression by dose-dependent siRNA in liposarcoma cell lines.A,

results of synthetic siRNA against CDK11 in SW872 and SW982 cell lines.SW872 and

SW982 cells were transfected with CDK siRNA in a dose-dependent manner. Proliferation

was assessed by MTT as described in the Materials and Methods. C, dose-dependent CDK

siRNA down-regulated the expression of CDK11. For Western blot analysis, 25 mg of total

cellular proteins was used for immunoblotting with specific antibody to CDK11. Results are

expressed as mean ± SD. Data were analyzed by the one-way ANOVA. Different

superscripts indicate significant differences between the means as determined by the Tukey

post-hoc test. ** P<0.01, *** P<0.001 vs. Cells only; #P<0.05, ##P<0.01, ### P<0.001 vs.

Cells + nonspecific siRNA.
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Fig 4.
Lentiviral shRNA targeting CDK11 in SW982 cell lines. A, representative images of

SW982 cells after transfection of lentiviral CDK11 shRNA and puromycin selecting for 30

days in 25 cm2 flask. B, the total cell numbers of after stable transfection of lentiviral

CDK11 shRNA. All cells were continuously cultured in medium with puromycin. Note: A,

cell only without puromycin; B, cell only with puromycin.
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Fig 5.
Confirmation of CDK11 knockdown induces cell death and decreases CDK11 expression in

different tumor cell lines by immunofluroescence. Expression of CDK11 in SW872 and

SW982 cells were assessed by immunofluresecence with antibodies to CDK11 (green) and

β-actin (red). Hoechst 33342 was added to counterstain the cell nucleus (blue). Green

fluorescence of CDK11 protein was mainly localized in the nucleus of liposarcoma cells.
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Fig 6.
Synthetic siRNA targeting CDK11 induces apoptosis in liposarcoma cells.SW872 and

SW982 cells were transfected with CDK siRNA as dose-dependent manner. CDK11 siRNA

decreased CDK11 expression, accompanied with down-regulation of anti-apoptotic proteins

expression (A). For Western blot analysis, 25 mg of total cellular proteins was subjected to

immunoblotting with specificantibody to CDK11, MCL-1, BcL-XL, Bax, Survivin,

Cytochrome C (Cyt C), CyclinD1, and β-actin. Western blots from A were analyzed by

Odyssey software 3.0 and normalized to β-actin expression. Quantitative results for protein

Cyclin D1 and Survivin were presented as relative expression (B).
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Fig 7.
CDK11 knockdown enhances the cytotoxic effect of doxorubicin in SW872 and SW982 cell

lines. The 5 and 10 nmol/L of CDK11 siRNA were chosen for SW872 and SW982

respectively, inducing the 30% reduction of cell proliferation in liposarcoma cells (A and B).

The CDK11 expression was analyzed by western blotting after tranfection with

CDK11siRNA (C and D). Cells were incubated with nonspecific siRNA only, doxorubicin

only, nonspecific siRNA + doxorubicin, CDK11 siRNA only, CDK11 siRNA + doxorubicin

(A and B). Absorbance was determined at 6 days. Results are expressed as mean ± SD. Data

were analyzed by the one-way ANOVA. Different superscripts indicate significant

differences between the means as determined by the Tukey post-hoc test. *** P<0.001 vs.

Cells only; ## P<0.01, ### P<0.001 vs. Cells + nonspecific siRNA; & P<0.05, &&& P<0.001

vs. Cells + doxorubicin, a P<0.05, aaa P<0.001 vs. nonspecific siRNA + doxorubicin, bb

P<0.01 vs. Cells + CDK11 siRNA.
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