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G1 Arrest of the Cell Cycle by Gomisin N, a Dibenzocyclooctadiene Lignan,
Isolated from Schizandra chinensis Baill in Human Leukemia U937 Cells
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We investigated the anti-cancer effects of two dibenzocyclooctadiene lignans, gomisin A and gomisin
N, isolated from Schizandra chinensis Baill, in human promyelocytic U937 cells. Gomisin N, but not
gomisin A, inhibited cell growth in a concentration-dependent manner, which was associated with the
induction of G1 arrest of the cell cycle. G1 arrest induced by gomisin N was correlated with
down-regulation of cyclin E, cyclin-dependent kinase (Cdk) 2 and Cdk4, and a concomitant up-regu-
lation of Cdk inhibitors such as p16 (INK4A) and p21 (WAF1/CIP1). Furthermore, gomisin N in-
hibited phosphorylation of retinoblastoma protein (pRB) and p130, and expression of transcription fac-
tor E2Fs. The results indicated that growth inhibition by gomisin N is related to cell cycle arrest at
G1 in U937 cells and these findings suggest that gomisin N may be a useful chemotherapeutic agent.
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Introduction

The progression of eukaryotic cells through the cell cycle

is orchestrated by sequential activation and inactivation of

the cyclin-dependent kinases (Cdks), which is associated

with their respective cyclin subunits [5,18,21]. Early G1

phase is regulated by complexes of D-type cyclins and

Cdk4/6, and the G1/S transition is controlled by a complex

of cyclin E and Cdk2 [18]. On the other hand, Cdk inhibitors

play a key role in negative regulation of cell cycle pro-

gression by binding to cyclin/Cdk complexes [18,21].

Furthermore, retinoblastoma protein (pRB) family proteins

such as pRB and p130 are also important for cell cycle pro-

gression during the G1 to S phase transition [5,18].

Accumulating data have shown that many chemopreventive

and/or chemotherapeutic agents can cause cell cycle arrest,

which is the preferred method of managing cancer.

Therefore, the induction of cell cycle arrest is an important

mechanism in the anti-cancer properties of many drugs

[6,11].

Schizandra chinensis Baill, a member of the Magnoliaceae

family, has been used as a useful material in the regulation

of various pathological conditions over the last several deca-

des in Korea, China, and Japan [9,16]. The seeds and fruits

of S. chinensis are enriched in lignans belong to the dibenzo-

cyclooctadiene type, and more than 40 lignans have been

isolated from this plant [1,16,19]. Some lignans have pre-

viously been reported to induce cell cycle arrest and apopto-

sis in human cancer cell lines including leukemia cells

[4,8,14,17]. However, the underlying molecular mechanisms

for their putative therapeutic effects are not clear. As part

of an ongoing study to isolate chemopreventive or ther-

apeutic compounds from S. chinensis, we isolated several li-

gnans from the fruit of this plant and compared their an-

ti-cancer properties. In this study, we compared the anti-pro-

liferative activities of two dibenzocyclooctadiene lignans, go-

misin N and gomisin A, as potential anticancer agents. To

this end, we examined whether these lignans affected cell

cycle progression in human leukemia U937 cells.

Materials and Methods

Cell culture and cell viability study

Human leukemia U937 cells were obtained from the

American Type Culture Collection (Rockville, MD) and cul-
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Fig. 1. Growth inhibition of U937 cells by gomisin N treatment. (A) Chemical structures of gomisin A and gomisin N. (B) U937

cells were plated at a concentration of 1x10
5

cells per 60-mm plate and then incubated for 24 hr, after which they were

treated with various concentrations of gomisin A and gomisin N for 48 h. Cell viability was determined by MTT assay.

Results are expressed as percentage of control±SD and represent the average of three separate experiments. (C) After treating

the cells with gomisin A and gomisin N for 48 hr, they were observed using an inverted microscope (original magnification

200×).

tured in RPMI1640 medium (Gibco BRL, Gaithersburg, MD)

supplemented with 10% heat-inactivated fetal bovine serum

(FBS, Gibco BRL), 2 mM gutamine, 100 U/ml penicillin, and

100 μg/ml streptomycin in a humidified environment with

5% CO2 at 37°C. Gomisin A and gomisin N isolated from

dried fruits of S. chinensis were prepared as described pre-

viously (Fig. 1A,) [2], dissolved in dimethyl sulfoxide

(DMSO) as a stock solution at 100 mM concentration, and

stored in aliquots at -20
o
C. Cell viability was assessed using

the MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphnyl-2H-tetra-

zolium bromide] assay, which is based on the conversion

of MTT to MTT-formazan by mitochondrial enzymes. For

morphological study, the cells were treated with gomisin A

and gomisin N for 48 hr and directly photographed with

an inverted microscope (Carl Zeiss, Germany).

DNA flow cytometric analysis

After treatment with gomisin A and gomisin N for 48 h,

cells were harvested, washed twice with ice-cold PBS, fixed

with 75% ethanol at 4°C for 30 min, and stained using a

DNA staining kit (CycleTEST PLUS Kit, Becton Dickinson,

San Jose, CA) with propidium iodide (PI). Flow cytometric

analyses were carried out using a flow cytometer (FACS

Caliber, Becton Dickinson) and CellQuest software was used

to determine the relative DNA content based on the presence

of a red fluorescence.

Protein extraction and Western blot analysis

Treated cells with gomisin A and gomisin N were col-

lected with ice-cold PBS, and immediately lysed with lysis

buffer (20 mM sucrose, 1 mM EDTA, 20 μM Tris–Cl, pH

7.2, 1 mM DTT, 10 mM KCl, 1.5 mM MgCl2) containing pro-

tease inhibitors (5 μg/ml pepstatin A, 10 μg/ml leupeptin,

and 2 μg/ml aprotinin). Protein concentrations were de-

termined using a Bio-Rad protein assay kit (Bio-Rad,

Hercules, CA). After normalization, total proteins were sub-

jected to sodium dodecyl sulfate (SDS)-polyacrylamide gels

and then transferred to a nitrocellulose membrane

(Schleicher & Schuell, Keene, NH) by electro-blotting. The

membranes were blocked with 5% skim milk, probed with

the desired antibodies for 1 hr, incubated with the diluted

enzyme-linked secondary antibodies and visualized by
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Fig. 2. Induction of G1 arrest of the cell cycle by gomisin N treatment in U937 cells. (A and C) Cells grown under the same conditions

as Fig. 1 were collected, fixed, and stained with PI for flow cytometry analysis. (B and D) The percentages of cells in each

cell cycle phase are presented. The data represent the average of two independent experiments.

enhanced chemiluminescence (ECL) according to the recom-

mended procedure (Amersham Corp., Arlington Heights,

IL). The primary antibodies were purchased from Santa Cruz

Biotechnology Inc. (Santa Cruz, CA) and Cell Signaling

Technology, Inc. (Boston, MA). The peroxidase-labeled don-

key anti-rabbit immunoglobulin and peroxidase-labeled

sheep anti-mouse immunoglobulin were purchased from

Amersham Corp.

Statistical analysis

All data are presented as the mean±SD. The results shown

in each of the figures in this article are representative of at

least two or three independent experiments.

Results

Growth inhibition by gomisin N

In order to investigate whether gomisin A and gomisin

N inhibit cell growth, U937 cells were treated with various

concentrations of gomisin A and gomisin N for 48 hr and

the MTT assay was used to assess cell viability. As shown

in Fig. 1B, treatment with gomisin N decreased the viability

of U937 cells in a concentration-dependent manner, whereas

gomisin A did not inhibit the growth of U937 cells under

the same conditions. Under the inverted microscope, gomi-

sin N-treated cells, but not gomisin A, exhibited granulated

morphology, and eventually degraded after treatment with

75 mM gomisin N (Fig. 1C).

Induction G1 arrest by gomisin N

To determine whether gomisin N treatment of cells re-

sulted in the alteration of cell cycle progression, the cell cycle

patterns of the U937 cells were examined. As shown in Fig.

2, the growth inhibiting action of gomisin N was the con-

sequence of a G1 phase arrest. At a concentration of 75 μM,

69.26% of cells were in G1 phase and far fewer cells were

in S and G2/M phases (16.41% and 14.33%, respectively)

compared with the control. At the same concentration of go-

misin A, there was no significant increase in the proportion

of U937 cells in G1 phase. These results suggest that the

growth inhibitory effect of gomisin N, but not gomisin A,

in U937 cells is the result of G1 arrest.

Effects of gomisin N on the expression of cell

cycle-regulated proteins

To more clearly characterize the G1 phase arrest induced

by gomisin N, we examined changes in the expression of
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proteins that have been known to control G1 cell cycle phase

transition in U937 cells. In comparison to control cells, cells

treated with gomisin N exhibited a dose-dependent decrease

in the levels of cyclin E, Cdk2 and Cdk4 (Fig. 3), which is

consistent with the role of these proteins in the regulation

of the G1 to S phase transition. Since the pRB family gene

products such as pRB and p130 are also important check-

point proteins in the G1 phase of the cell cycle, we next de-

termined the kinetics between phosphorylation of pRB and

p130 and the transcription factors, E2F-1 and E2F-4. Total

levels of E2F-1 and E2F-4 were down-regulated in gomisin

N-treated cells, and pRB and p130 expression decreased re-

markably and changed from the hyperphosphorylated form

to the hypophosphorylated form after gomisin N treatment.

This effect of gomisin N was dose-dependent (Fig. 3).

Furthermore, incubation of U937 cells with gomisin N re-

sulted in a concentration-dependent increase in expression

of the Cdk inhibitors such as p16 (INK4A) and p21

(WAF1/CIP1), but not p27 (KIP1), whereas gomisin A did

not significantly affect expression levels of Cdk inhibitors

(Fig. 4). Because the tumor suppressor p53 gene is deleted

in U937 cells [3], it is most likely that the induction of p21

(WAF1/CIP1) by gomisin N is mediated in a p53-in-

Fig. 3. Effect of gomisin A and gomisin N on the expression

of cyclins, Cdks and pRB family proteins in U937 cells.

U937 cells were treated with the indicated concentrations

of gomisin A and gomisin N for 48 hr. The cells were

lysed and proteins were separated by electrophoresis on

SDS–polyacrylamide gels and transferred to nitro-

cellulose membranes. Next, the membranes were probed

with the indicated antibodies and the proteins were vi-

sualized using an ECL detection system. Actin was used

as an internal control.

Fig. 4. Induction of Cdk inhibitors p16 (INK4A) and p21

(WAF1/CIP1) expression by gomisin N in U937 cells.

U937 cells were treated with the indicated concentrations

of gomisin A and gomisin N for 48 hr. The cells were

lysed and proteins were separated by electrophoresis on

SDS–polyacrylamide gels and transferred to nitro-

cellulose membranes. Next, the membranes were probed

with the anti-p16 (INK4A), anti-p21 (WAF1/CIP1) and

anti-p27 (KIP1) antibodies and the proteins were vi-

sualized using an ECL detection system. Actin was used

as an internal control.

dependent fashion. These data suggest that gomisin N in-

duces G1 arrest via the modulation of cell cycle-regulating

proteins.

Discussion

Many previous studies indicated that lignans isolated

from S. chinensis Baill have revealed anti-cancer properties,

anti-hepatocarcinogenesis, anti-oxidant and anti-in-

flammatory activities [2,10,17,13,22]. In particular, some li-

gnans restored cytotoxic activities of anticancer agents in

multidrug-resistant human cancer cells, and enhanced cyto-

toxic and proapoptotic effects of anti-cancer drugs [7,15,20].

In addition, other lignans including gomisin N, schisanther-

in C and G and propinquanin E were selectively cytotoxic

in human cancer cells [2,12,23], suggesting the anticancer

and cancer chemopreventive potential of lignans. However,

the mechanisms underlying antiproliferative effects of li-

gnans in human cancer cells have not been thoroughly

studied.

In the present study, we found that gomisin N, but not

gomisin A, strongly suppresses the proliferation (Fig. 1) and

causes G1 phase arrest in human leukemia U937 cells (Fig.

2), which appeared to account for its anti-proliferative

activity. Progression from G1 to S phase of the cell cycle

is regulated by D-type cyclins and cyclin E, and their cognate

kinases, Cdk2, 4 and 6, which act by phosphorylating and
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inactivating pRB family proteins such as pRB and p130 prior

to the restriction point at which cells commit to DNA syn-

thesis, and by cyclin E-Cdk2, which acts later in G1 phase

[18,21]. Therefore, any factor affecting the activity of these

kinases could abrogate the normal inactivation of pRB

and/or p130 and cause an accumulation of cells in G1 phase.

Under normal conditions, pRB and p130 proteins bind to

the members of the E2F family of transcription factors.

However, growth factors induce phosphorylation and dis-

sociation of the pRB and/or p130 from E2F, which triggers

G1 cell cycle progression [18,21]. Therefore, the complex be-

tween cyclin D or cyclin E and Cdks is an obvious candidate

for control of pRB and p130 phosphorylation. If decreased

levels of either protein or the association between respective

binding partners were observed, a concomitant decrease in

the degree of pRB phosphorylation would be expected

[18,21]. The data generated in this study demonstrate that

in U937 cells, gomisin N, but not gomisin A, blocks phos-

phorylation of pRB and p130 proteins and decreases levels

of E2F-1 and E2F-4 (Fig. 3). Furthermore, gomisin N inhibits

Cdk2 and Cdk4 expression in association with enhanced ex-

pression of the Cdk inhibitor p16 (INK4A) and p21

(WAF1/CIP1) (Fig. 3 and 4). Additionally, our data suggest

that gomisin N-induced p21 (WAF1/CIP1) upregulation in-

volves a p53-independent pathway because U937 cells lack

functional p53 [3].

In conclusion, these results provide the first evidence that

gomisin N induces abnormal cell cycle transitions at G1

phase. Although further studies are needed, we believe that

gomisin N is a promising candidate for cancer chemo-

prevention and/or chemotherapy.
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초록：오미자에서 분리된 dibenzocyclooctadiene lignan의 일종인 gomisin N에 의한 인체혈구암세

포의 세포주기 G1 arrest 유발
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본 연구에서는 오미자에서 분리된 dibenzocyclooctadiene lignan의 일종인 gomisin A와 gomisin N에 대한 항

암효능을 U937 인체혈구암세포를 대상으로 조사하였다. Gomisin N은 처리농도의 증가에 따라 U937 세포의 증

식을 억제하였으나 동일조건에서 gomisin A는 세포독성 효과를 나타내지 못하였으며, gomisin N에 의한 U937

세포의 증식억제는 세포주기 G1 arrest 유발에 의한 것이었다. Gomisin N에 의한 G1 arrest는 cyclin E, cyclin-de-

pendent kinase (Cdk) 2 및 Cdk4의 발현 억제와 Cdk inhibitor인 p16 (INK4A) 및 p21 (WAF1/CIP1)의 발현 증가

와 연관성이 있었으나, gomisin A는 세포주기 인자들의 발현에 유의적인 변화를 유발하지 않았다. 또한 gomisin

N은 retinoblastoma 단백질군인 pRB 및 p130의 인산화를 억제하였으며, 전사조절인자인 E2F 단백질들의 발현을

억제하였다. 본 연구의 결과에서 gomisin N에 의한 U937 세포의 증식억제는 세포주기 조절인자들의 발현 변화

를 통한 G1 arrest 유발에 의한 것임을 알 수 있었으며, gomisin N은 암예방 및 항암활성 후보불질로서의 개발

가능성이 있음을 알 수 있었다.
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