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ABSTRACT 

Tetrahydroisoquinolines are known to have va- 
rious biological effects, including antitumor ac- 
tivity. This study investigated the effect of 1- 
chloromethyl-6, 7-dimethoxy-3, 4-dihydro-1H-iso- 
quinoline-2-sulfonic acid amide (CDST), a newly 
synthesized anticancer agent, on cellular diffe- 
rentiation and proliferation in HL-60 cells. Dif- 
ferentiation and proliferation of HL-60 cells were 
determined through expression of CD11b and 
CD14 surface antigens using flow cytometry and 
nitroblue tetrazolium (NBT) assay, and through 
analysis of cell cycle using propidium iodide 
staining, western blot analysis and immunopre- 
cipitation, respectively. CDST induced the diffe- 
rentiation of HL-60, as shown by increased ex- 
pression of differentiation surface antigen CD11b 
(but no significant change in CD14 expression) 
and increased NBT-reducing functional activity. 
DNA flow cytometry analysis indicated that CDST 
markedly induced a G0/G1 phase arrest of HL-60 
cells. Subsequently, we examined the expres- 
sion of G0/G1 phase cell cycle-related proteins, 
including cyclin-dependent kinases (CDKs), cy- 
clins and cyclin dependent kinase inhibitors 
(CKIs), during the differentiation of HL-60. The 
levels of CDK2, CDK6, cyclin E and cyclin A were  
decreased, whereas steady-state levels of CDK4 
and cyclin D1 were unaffected. The expression 

of the p27Kip1 was markedly increased by CDST, 
but not p21WAF1/Cip1. Moreover, CDST markedly 
enhanced the binding of p27Kip1 with CDK2 and 
CDK6, resulting in the reduced activity of both 
kinases. Taken together, these results demon- 
strate that CDST is capable of inducing cellular 
differentiation and growth inhibition through 
p27Kip1 protein-related G0/G1 phase arrest in HL- 
60 cells. 
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1. INTRODUCTION 

Treatment of the promyelocytic leukemia cell lines, 
including HL-60 cells, with anti-leukemic agents induces 
differentiation into two cell types of the myeloid lineage: 
monocyte/macrophage-like cells [1,2] and granulocyte- 
like cells [3]. 12-O-Tetradecanoyl-phorbol-13-acetate and 
all-trans-retinoic acid (ATRA) are well-known inducers 
that can stimulate differentiation of HL-60 cells into mo- 
nocyte/macrophage-like and granulocyte-like phenolty- 
pes, respectively [1,2,4]. After exposure to these agents, 
HL-60 cells tend to stop cellular proliferating and ex- 
press the phenotypical and physiological functions spe- 
cific to mature cells. 

Terminal differentiation is usually associated with the 
exit of the cells from the cell cycle [5-7]. Cell cycle pro- 
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gression in mammalian cells is regulated by a family of 
enzymes known as cyclin-dependent kinases (CDKs) 
whose activity is dependent on the binding to specific re- 
gulatory subunits called cyclins [5,8]. The activity of the 
cyclin/CDK complexes is negatively regulated by spe- 
cific CDK inhibitors, such as p21WAF1/Cip1 and p27Kip1 [8]. 
The mechanisms for regulation of cell cycle have a fun- 
damental role in the control of cell proliferation and may 
also be involved in differentiation 

Tetrahydroisoquinoline alkaloids, based isoquinoline 
skeleton, have various biological activities according to 
the structure properties. Tetrahydroisoquinoline alkaloids 
gain much interest because of their biological activities, 
including antitumor [9], renal vasoconstriction [10], an- 
tihypertensive [11], Parkinson’s disease inhibitor [12]. 
The derivative of tetrahydroisoquinoline, or 1-Chlorome- 
thyl-6,7-dimethoxy-3,4-dihydro-1H-isoquinoline-2-sul- 
fonic acid amide (CDST), has been developed as a new 
anticancer agent, but the underlying mechanisms remain 
to be established. In order to understand possible mecha- 
nisms for its anticancer/anti-leukemic activities, this stu- 
dy investigated the effects of CDST on proliferation and 
differentiation of the human promye locytic leukemic 
HL-60 cells. 

2. MATERIALS AND METHODS 

2.1. Reagents and Antibodies 

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazo- 
lium bromide (MTT), nitrotetrazolium blue chloride 
(NBT), phorbol 12-myristate 13-acetate (TPA), propi- 
dium iodide (PI), ribonuclease A (RNase A), and prote- 
ase inhibitor cocktail were purchased from Sigma-Al- 
drich Chemical (St. Louis, MO, USA). RPE-con-jugated 
anti-CD11b and FITC-conjugated anti-CD14 antibodies 
were purchased from DAKO (Glostrup, Denmark). 
RPMI 1640, fetal bovine serum (FBS) and antibiotic-an- 
timycotic solution were purchased from GIBCO (Grand 
Island, NY, USA). Protein A/G PLUS-Agarose, anti- 
p21WAF1/Cip1, anti-p27Kip1, anti-CDK2, anti-CDK4, anti- 
CDK-6, anti-cyclin D1, anti-cyclin A, and anti-cyclin E 
antibodies were purchased from Santa Cruz Biotechnol- 
ogy, INC. (Santa Cruz, CA, USA). Anti-p27Kip1 mono- 
clonal antibody was purchased from BD biosciences 
(San Jose, CA, USA). HRP-conjugated goat anti-rabbit 
IgG and rabbit anti-mouse IgG were purchased from In- 
vitrogen (Burlington, ON, Canada). 1-Chloromethyl-6, 
7-dimethoxy-3,4-dihydro-1H-isoquinoline-2-sulfonic acid 
amide (CDST) was prepared by the use of iminium ions 
as intermediates through α-sulfamidoalkylation (Figure 1). 
CDST was dissolved in DMSO at a concentration 10 
mM and stored at −20˚C and diluted in cell culture me-
dium before use. 

2.2. Cell Culture 

HL-60 cells were obtained from the American Type 
Culture Collection (ATCC, Rockville, MD, USA) and 
routinely cultured in RPMI 1640 medium supplemented 
with 10% FBS in 1:100 dilution of an antibiotic-antimy- 
cotic solution at 37˚C in a 5% CO2 incubator. 

2.3. Cell Viability 

The cells were treated with various concentrations of 
CDST for 24 h or 72 h. After the indicated time periods, 
MTT solution was added to each wells and incubated for 
4 h. Water-insoluble MTT-formazan crystals were solu- 
bilized by adding equal volume of solubilization solution 
(10% SDS/0.01 N HCl) and incubating the overnight in 
humidified atmosphere of 5% CO2 at 37˚C. The amount 
of formazan was determined by Spectra-MAX 250 mi- 
croplate spectrophotometer (Molecular Devices, Sunny- 
vale, CA, USA) at 570 nm. 

2.4. Differentiation Assay 

1) NBT reduction assay: The cells were cultured with 
CDST or ATRA in RPMI-1640 medium containing 10% 
FBS for 72 h, and then the cell’s NBT reducing activity 
was determined by the method of Sakashita et al. [13] 
with a slight modification. The amount of formazan form- 
ed was assayed spectrophotometrically at 560 nm in a 
spectrophotometer. 2) Flow cytometry analysis: The cells 
were suspended in 100 μl of PBS (pH 7.4) containing 
0.25% BSA. After the addition of 10 μl of RPE-labeled 
anti-CD 11b or FITC-labeled anti-CD 14 antibodies, the 
cells were incubated in the dark at 4˚C for 30 min, and 
then fixed in 500 μl of PBS (pH 7.4) containing 1% for- 
maldehyde, and then the level of antibody binding to the 
cells were quantified using FACS flow cytometry (BD 
Biosciences, CA, USA). 

2.5. DNA Content Analysis 

Cell cycle progression was monitored by quantitating 
cellular DNA content after staining with PI. The cells 
were fixed with ice-cold 100% ethanol for 1 h, washed 
with PBS, and then treated with PI/RNase A solution at 
37˚C for 1 h in the dark, and analyzed on a FACS flow 

 

 

Figure 1. Structure of 1-Chlorome- 
thyl-6,7-dimethoxy-3,4-dihydro-1H-is- 
oquinoline-2-sulfonic acid amide 
(CDST). 
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cytometry. Cell cycle analysis was determined DNA con- 
tent from fixed cells stained with PI. 

2.6. Western Blot Analysis 

Cells were lysed with lysis buffer (50 mM Tris-HCl, 
pH 7.4, 150 mM NaCl, 1% Triton X-100, 0.5% NaVo4, 
0.1% SDS, 1% protease inhibitor cocktail) for 30 min on 
ice. Cell lysates were centrifuged at 14,000 rpm for 10 
min at 4˚C, and the protein concentration was determined 
using a Bradford assay. Samples containing 40 μg of to- 
tal protein were resolved by SDS-PAGE gel, and trans- 
ferred onto a nitrocellulose membrane. Blots were prob- 
ed with primary antibodies. Immunoreactivity was detec- 
ted using anti-rabbit or anti-mouse HRP-conjugated se- 
condary immunoglobulin G anti-bodies. Immuno-reac- 
tive bands were visualized using the SuperSignal West 
Pico Chemiluminescent Substrate Kit (Thermo Fisher 
Scientific, Waltham, MA, USA) and then developed us- 
ing the Molecular Imager ChemiDoc XRS System (Bio- 
Rad, Hercules, CA, USA). 

2.7. Immunoprecipitation 

Cells were lysed with immunoprecipitation lysis buffer 
(50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% NP-40, 
0.5% Sodium deoxycholate, 1% protease inhibitor cock- 
tail) for 15 min on ice. Cell lysates were centrifuged at 
11,000 rpm for 15 min at 4˚C, and then precleared using 
Protein A/G PLUS-Agarose. Preclered lysates were quan- 
titated using a Bradford assay. 200 μg of the total protein 
were incubated with anti-CDK2, anti-CDK4 and anti- 
CDK6 polyclonal antibodies for 6 h at 4˚C, followed by 
incubation with the Protein A/G PLUS-Agarose for 2 h. 
The immunoprecipitates were boiled in laemmlie sample 
buffer for 5 min followed by centrifugation. 

2.8. Statistical Analysis 

Statistical analysis was performed using Microsoft Of- 
fice Excel 2010 (Microsoft, Redmond, WA). The data 
were expressed as means ± standard deviation (SD). The 
statistically significant differences between two groups 
were calculated by Student’s t-test. 

3. RESULTS 

3.1. Effect of CDST on Cell Viability of HL-60 
Cells 

The cytotoxicity of CDST in HL-60 cells was evalu- 
ated using the MTT assay. As shown in Figure 2, expo- 
sure of HL-60 cells to CDST for 24 h dramatically de- 
creased the viability of HL-60 cells in a concentration- 
dependent manner. At the concentrations of CDST used 
in this study (i.e., 10 μM and 20 μM), cell viability was 
no significant difference in comparison with untreated 

control. 

3.2. Effect of CDST on Differentiation of 
HL-60 Cells 

We examined whether CDST could induce differen- 
tiation of HL-60 cells. For this end, HL-60 cells were 
treated with CDST or ATRA, and the numbers of differ- 
entiated cells were determined by measuring NBT-re- 
ducing activity. After treatment of HL-60 cells with 
CDST for 72 h, its differentiation-inducing activity was 
assayed and compared with ATRA. As shown in Table 1, 
when HL-60 cells were treated with CDST at concentra- 
tions of 10 μM and 20 μM, NBT-reducing activity was 
increased up to approximately 3.7-fold and 5.1-fold, re- 
spectively. Also, differentiation-inducing activety of 
CDST was comparable to that of ATRA (served as a po- 
sitive control of differentiation). In CDST-treated cells 
for 72 h, cell viability reduced about 57.3% and 54, 9% 
at concentrations of 10 μM and 20 μM CDST, respec- 
tively. The induction of HL-60 cell differentiation was 
also assessed by examining the expression of cell surface 

 

 

Figure 2. Effect of CDST on cell viability of HL-60 
cells. The cells were incubated with various concen- 
trations of CDST for 24 h, and cell viability was 
measured by MTT assay. Value are means ± SD (N 
= 3). The statistically significant differences com- 
pared with CDST-untreated group were calculated 
by Student’s t-test. *p < 0.01 with respect to CDST- 
untreated control group. 

 
Table 1. Effects of CDST on viability and differentiation of 
HL-60 cells. 

Compound 
Cell viabilitya 
(% of control) 

NBT reductionb

(A560/106 cells) 

Control 100 0.07 ± 0.005 

0.5 μM ATRA 59.4 ± 0.7c 0.45 ± 0.062c 

10 μM CDST 57.3 ± 0.1c 0.26 ± 0.011 

20 μM CDST 54.9 ± 1.6c 0.36 ± 0.006c 

aCell viability was determined by MTT assay after 72 h treatment. bNBT- 
reducing activity was determined after 72 h treatment. cp < 0.01, signifi- 
cantly different from the control. Value are means ± SD (N = 3). 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



S.-M. Ju et al. / Health 5 (2013) 1-7 4 

antigens (e.g., CD11b and CD14). CD11b (FITC-labeled) 
expression was used as a marker of granulocytic differ- 
entiation, while CD14 (RPE-labeled) expression was only 
found in monocytic differentiation. After HL-60 cells 
were incubated with or without 20 μM CDST for 72 h, 
cell surface markers were immunolabeled and measur- 
ed by a flow cytometry. As shown in Figure 3, in com- 
parison with the untreated cells, the amount of CD11b- 
positive cells in CDST-treated HL-60 cells were increa- 
sed significantly (66.87%). However, the expression of 
monocytic CD14 antigen was not significantly increased 
(11.03%). CD11b and CD14 in CDST-HL-60 cells were 
normally expressed by approximately 7.51% and 3.93%, 
respectively. These results suggest that CDST has ability 
to induce granulocytic differentiation of HL-60 cells. 

3.3. Effect of CDST on the Cell Cycle  
Distribution and Expression of Cell  
Cycle-Regulatory Proteins in HL-60 Cells 

The effect CDST on the cell cycle progression in HL- 
60 cells was determined by FACS. ATRA, a differentiat- 
ing agent, inhibits cell proliferation and arrests leukemic 
cells in G0/G1 phase [14]. In a previous study, it was 
suggested that the maintenance of G0/G1 phase might be 
necessary for HL-60 granulocytic differentiation [15]. 
HL-60 cells were incubated with or without 20 μM 
CDST for 72 h and analyzed by DNA flow cytometry. As 
shown in Figure 4(a), the cell population in G1 phase of 
CDST-treated HL-60 cells was increased from 40.39% to 
52.84%, whereas cell population in G2/M and S phases 
was decreased from 21.41% to 17.93% and from 24.68% 
to 16.75%, respectively. Thus, our data obtained from 
DNA flow cytometric analysis indicate that CDST is 
capable of inducing a G0/G1 phase arrest of cell cycle in 
HL-60 cells. 

We next examined the levels of G1 cell cycle regula- 
tory proteins in CDST-treated HL-60. The CDK4/6-cy- 
clin D and CDK2-cyclin E complexes play important 

 

 

Figure 3. The differentiation-inducing effect of CDST on HL- 
60 cells. Cells were treated with 20 μM CDST for 72 h, and 
cells were assessed by FACS analysis using RPE-conjugated 
anti-CD11b or FITC-conjugated anti-CD14 mono-clonal anti- 
bodies. 

regulatory roles in G1 phase cell cycle progression [15]. 
The CDK4/6-cyclin D complexes are involved in early 
G1 phase, while CDK2-cyclin E complex is necessary 
for the G1/S phase transition [15]. HL-60 cells were 
treated with 20 μM CDST for 24, 48, and 72 h and then 
harvested for Western blotting. The protein levels of 
CDK2, CDK6, cyclin E and cyclin A were significantly 
decreased in response to CDST, whereas steady-state 
levels of CDK4 and cyclin D1 were unaffected (Figure 
4(b)). These results imply that decreased expression of 
CDK2, CDK6, cyclin E and cyclin A proteins may be 
responsible for the CDST induced G0/G1 phase arrest. 

3.4. Association of P27Kip1 with Cell  
Cycle-Regulatory Proteins in 
CDST-Treated HL-60 Cells 

Because CDST induced a G1 arrest in HL-60 cells, we 
subsequently examined the change in the p21WAF1/Cip1 and 
p27Kip1 proteins, which are the CKIs related with the G1 
phase arrest. In the progression of the cell cycle, the 
CKIs p21WAF1/Cip1 and p27Kip1 proteins cause cell cycle 
 

 
(a) 

 
(b) 

Figure 4. Effect of CDST on the cell cycle progression of HL- 
60 cells. (a) Cells were exposed to 20 μM CDST for 72 h, 
washed and then harvested. The cells were fixed and stained 
with PI, and the DNA content was analyzed by a flow cytome- 
try. (b) The cells were harvested at the indicated times after 
incubation with CDST. Cells were the lysed, and the super- 
natants were subjected to Western blot analysis using anti- 
bodyies against CDK2, CDK4, CDK6, cyclin D1, cyclin E and 
cyclin A. 
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arrest in the Gl phase through suppression of CDK activ- 
ity [15]. After CDST treatment of HL-60 cells, the 
p27Kip1 protein level increased in a time-dependent man- 
ner, whereas no detectable change was observed in the 
level of the p21WAF1/Cip1 (Figure 5(a)). The level of 
p27Kip1 began to increase slightly after 24 h incubation 
with CDST and had clearly increased at 48 h. These re- 
sults suggested that induction of p27Kip1 protein was in- 
volved in G0/G1 phase arrest of CDST-treated HL-60 
cells. 

The p27Kip1 protein bind to cyclin-CDK complexes to 
inhibit their catalytic activity and induce cell-cycle arrest 
[16,17]. To demonstrate whether increased p27Kip1 pro- 
tein bind to cyclin-CDK complexes, we examined the 
amount of p27 Kip1 associated with cyclin-CDK com- 
plexes. The CDK2, CDK4, and CDK6 complexes were 
immunoprecipitated from the HL-60 cells, which were 
treated with or without CDST, and the co-immuno-pre- 
cipitated p27 Kip1 level in immune complex was deter- 
mined by Western blot analysis using anti-p27 Kip1 mono- 
clonal antibody. As shown in Figure 5(b), the p27 Kip1 
levels in the CDK2 and CDK6 immune complexes of the 
CDST-treated cells were distinctively higher than in 
those of the untreated cells. However, the CDK4 immune 
complex exhibited no significant difference in the level 

 

 
(a) 

 
(b) 

Figure 5. Association of p27Kip1 with CDKs in 
CDST-treated HL-60 cells. (a) The cells were 
treated with 20 μM CDST for various times. The 
levels of p21WAF1/Cip1 and p27Kip1 ex-pression 
were determined by Western blot analysis using 
anti-p21WAF1/Cip1 and anti-p27Kip1 antibodies. 
(b) The cells were treated with (+) or without (−) 
20 μM CDST for 48 h. The total lysates were im- 
munoprecipitated using anti-CDK2, anti-CDK4, or 
anti-CDK6 antibodies. 

of p27Kip1 protein between CDST-treated and -untreated 
cells. Taken together, these results suggested that p27Kip1 

protein might play a key role in G1 phase arrest through 
its increased binding to CDK2 and CDK6 in CDST-trea- 
ted HL-60 cells. 

4. DISCUSSION 

CDST used in the study included aminosulfonyl group 
in nitrogen of tetrahydropyridine ring that was synthe- 
sized using intramolecular α-sulfamidoalkylation reac- 
tion. Synthesized CDST has isoquinoline skeleton and 
ring type sulfamide carrying biological activity. This stu- 
dy has demonstrated that CDST can induce cellular diffe- 
rentiation and inhibit cell proliferation in the human leu- 
kemia HL-60 cells. The differentiation-inducing effect of 
CDST was confirmed with a functional NBT reduction 
assay and the expression of cell surface antigens. Accor- 
ding to our results, CDST-induced differentiation result- 
ed in a marked increase in NBT reducing activity and ex- 
pression of the cell surface antigen CD11b, indicating 
granulocyte differentiation. Thus, CDST is thought to 
have the ability to induce the differentiation of HL-60 
cells into mature cells, those of granulocytic lineage. 

Cell differentiation is regulated in a cell cycle-depen- 
dent manner. For instance, the differentiation of hemato- 
poietic cells is accompanied with G0/G1 phase cell cycle 
arrest [18-20]. In this study, the cell cycle analysis re- 
vealed that CDST could markedly induce a G0/G1 phase 
arrest in HL-60 cells, along with a significant reduction 
in G2/M and S phases. It has been demonstrated that in- 
hibition of the G1/S transition induces growth arrest and 
granulocyte differentiation of HL-60 cells, which is me- 
diated by a block of cell cycle progression at the G0/G1 
phase [21,22]. The p21WAF1/Cip1 and p27Kip1 proteins are a 
cyclin-dependent kinase inhibitor that is one of the re- 
gulators of cell cycle progression in the G1/S transition 
[23]. Here we have shown that treatment of HL-60 cells 
with CDST resulted in increased p27Kip1 expression, but 
no significant change in p21WAF1/Cip1 expression. These re- 
sults suggest that p27 Kip1 expression by CDST may be 
important for the G0/G1 phase arrest and granulocytic 
differentiation of HL-60 cells. 

Among the CDKs that regulate the cell cycle, CDK2, 
CDK4 and CDK6 are activated in association with the 
D-type cyclins or cyclin E during the G1 progression and 
the G1-S transition [24]. This study revealed that the 
CDK2, CDK6, cycline E and cyclin A were decreased in 
the CDST-treated HL-60 cells. In addition, the accumu- 
lation of the p27Kip1 protein in association with the G0/ 
G1 arrest was detected in the complexes with CDK2 and 
CDK6. The interaction between the CDK2/CDK6 and 
p27Kip1 was associated with suppressed cyclin/CDK acti- 
vity. Thus, the decreased protein levels of CDK2, CDK6, 
cyclin E and cyclin A and the reduced kinase activities of 
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CDK2 and CDK6 might result in G0/G1 phase cell cycle 
arrest in CDST-treated HL-60 cells. It is likely that 
ATRA-induced terminal differentiation of leukemia cells 
involves the sequential regulation of cell cycle regulatory 
genes, coordinating the process of differentiation with 
arrest in the G0/G1 phase of the cell cycle [25]; namely, 
G0/G1 phase arrest of the cell cycle is hallmark of ter- 
minally differentiation in leukemia cells. 

5. CONCLUSION 

CDST induces granulocytic differentiation and growth 
inhibition through p27Kip1 protein-related G0/G1 phase 
arrest in HL-60 cells. Thus, these results suggest that 
CDST is a new potent inducer for differentiating the HL- 
60 human leukemia cells into granulocytes. Further stu- 
dies are necessary to elucidate the exact mechanism(s) 
for CDST-induced differentiation of HL-60 cells. 
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