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Abstract 
In many acute leukemias, normal differentiation does not occur. However, in 
many cell lines derived from hematologic malignancies, differentiation or apopto-
sis can be induced by variety of agents. Despite advances in the treatment of 
Acute Lymphoblastic Leukemia (ALL), in most patients long-term survival rates 
remain unsatisfactory, especially in T-cell derived ALL. Thus we studied the anti-
cancer effects of fenretinide, 1α,25(OH)2D3, and bryostatin-1 in CCRF-CEM (T-cell 
derived) and Nalm-6 (B-cell derived) ALL cell lines. Using MTT assays, both cell 
lines were shown to exhibit increased inhibition of proliferation at micro (fenreti-
nide) and nanomolar (1α,25(OH)2D3, bryostatin-1) concentrations. These anti-can-
cer agents were shown to induce apoptosis and activate caspase-3 pathway in 
both ALL cell lines. Furthermore, for the first time we are reporting consistent 
anti-proliferative and apoptotic effects of Bryostatin-1 in ALL T-cell derived cell 
line with the lowest ED50 (ranging 4.6-7.4 nM). To evaluate the differentiation in-
duction by fenretinide, 1α,25(OH)2D3, and bryostatin-1 in ALL cell lines, we assay-
ed for the expressions of CD19, CD38 markers on Nalm-6 and CD7 marker on 
CCRF-CEM cell line. The flow cytometric analysis showed a significant increase in 
expression of CD markers in response to anticancer drug treatments. To assay the 
effects of anti-cancer drugs on cell cycle distribution, cell cycle analysis using flow 
cytometry was employed. These anti-cancer drugs appear to affect the CCRF-
CEM and Nalm-6 cell cycles differently (G0/G1 and G2/M arrest, respectively). 
Overall results demonstrate that the anticancer agents used in this study are 
strong inhibitors of ALL cell proliferation and inducers of apoptosis and 
differentiation in vitro. These findings may be quite helpful if these drugs are to 
be used for dif-ferentiation therapy of ALL patients in clinics in the future. Further 
studies are warranted to establish the in vivo effect of these drugs particularly in 
patients with T-cell derived ALL.  
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Introduction 
Acute Lymphoblastic Leukemia (ALL) is a 

clonal hematopoietic malignancy that is char-
acterized by abnormal proliferation of hema-
topoietic progenitor cells. Despite advances in  
 

 
 
 
 
 
the treatment of ALL, in most patients long-
term survival rates remain unsatisfactory 
especially in ALL with T-cell origin (1,2). 
Hence, there is a continued need to discover 
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new agents that may help and change the out-
come for these patients. There are an in-
creasing number of chemotherapeutic and 
biological agents that target several charac-
teristics of cells such as differentiation, angio-
genesis, proliferation, DNA repair, and apo-
ptosis (2,3).  

Over the recent years, it has been demon-
strated that retinoids regulate biological pro-
cesses including cell proliferation, differenti-
ation, and apoptosis (4). Currently, retinoids 
are used in clinical trials of Acute Promyelo-
cytic Leukemia (APL) and T-cell lymphoma 
(5-7). Since retinoid therapy is often associated 
with side-effects (skin irritation and liver tox-
icity), its amide derivatives (retinamides) 
have been investigated in adult and childhood 
cancers (7,8). Among several retinamides 
examined, N-(4-hydroxyphenyl) retinamide 
(4-HPR, fenretinide) is considered a superior 
anticancer agent due to its favorable phar-
macokinetic profile (9-11). 4-HPR has been 
used successfully for treatment of AML pa-
tients (5-7). 

 

Also, many studies have demonstrated that 
the physiologically active metabolite of vita-
min D, 1α,25(OH)2D3, inhibits the prolifer-
ation and promotes the differentiation of sev-
eral cancerous cells (12-17). Anti-cancer prop-
erties of 1α,25(OH)2D3 have led to its evalu-
ation in the treatment of hyper-proliferative 
malignancies (18-20). 1α,25(OH)2D3 apply its 
biological effects through a class of nuclear 
receptor, Vitamin D Receptor (VDR) (21). For-
mation of the ligand-receptor complex initi-
ates the transcription of specific responsive 
genes resulting in the synthesis of appropriate 
proteins and modulation of cellular functions 
(22,23). 

 

Another chemotherapeutic agent is Bryo-
statin-1(Bryo-1) which is a macrocyclic lac-
tone isolated from the marine bryozoan Bug-
ula neritina. It is an activator of the serine-
threonine kinase PKC, an enzyme involved in 
diverse cellular processes including cell pro-
liferation, differentiation, and stimulus–re-
sponse coupling (24,25). Bryostatin-1 has been 
shown to potently inhibit the growth and self-

renewal capacity of human leukemia cells at 
nanomolar concentrations in vivo and in vitro 
(26-28).  

Although the effects of anti-cancer com-
pounds (4-HPR, 1α,25(OH)2D3, Bryostatin-1) 
have been examined in various leukemias, 
little information is available on the effects of 
these anti-cancer compounds in T-cell and B-
cell derived ALL cell lines. In the present 
study, we examine inhibition of cell prolifer-
ation and induction of both apoptosis and 
differentiation in two acute lymphoblastic 
leukemia cell lines (CCERF-CEM and Nalm-6) 
exposed to 4-HPR, 1α,25(OH)2D3, or Bryo-
statin-1.  

We provide evidence that Bryostatin-1 in-
duce growth inhibition and apoptosis at nano-
molar range consistently in T-cell derived 
human ALL cell line.  
 

Materials and Methods 
 

Leukemia cell lines 
The ALL cell lines (CCRF-CEM, Nalm-6) 

were purchased from cell bank (Pasteur In-
stitute Iran, Tehran). CCRF-CEM and Nalm-6 
are derived from T and B lymphocytes, re-
spectively. Human leukemic cell lines were 
grown in RPMI 1640 culture medium (GIBCO, 
Grand Island, NY) supplemented with 10% 
Fetal Bovine Serum (FBS, Gibco, Invitrogen, 
South America), 1% glutamine, 1% antibio-
tics (penicillin-streptomycin), and 1% nones-
sential amino acids. Cells were maintained at 
37ºC and 5% CO2.  
 

Reagents and treatments 
Fenretinide (4-HPR), 1α,25(OH)2D3 (vita-

min D3), and Bryostatin-1 (Bryo-1) were pur-
chased from Sigma-Aldrich®, Steibeim, Ger-
many. All anti-cancer compounds were dis-
solved in 100% ethanol. Stock preparations of 
4-HPR and Bryostatin-1 were stored at -20°C; 
however stock preparation of 1α,25(OH)2D3 
was stored at -70°C. All reagents were diluted 
to appropriate final concentrations in medium 
(RPMI 1640). Final concentrations of ethanol 
never exceeded 0.01% (levels known to be 
without effect on the response of ALL cells to 
these compounds (13). Leukemic cells were 
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washed twice in RPMI 1640 by centrifugation 
at 300×g for 5 min. Then, cells were sus-
pended in medium with different concentra-
tions of 4-HPR, 1α,25(OH)2D3, and Bryo-
statin-1. The cells were incubated for 24, 48, 
and 72 hr at 37°C in a humidified 5% CO2 
atmosphere. To examine the combinatory ef-
fects of 4-HPR and 1α,25(OH)2D3, leukemia 
cells were seeded at 2×105 cells/ml in 24-well 
plastic plates and pre-treated with 0.1 or 1 nM 
1α,25(OH)2D3 for 8, 24 or 48 hr before 
assays.  
 

MTT assay 
Cell proliferation was evaluated by the 

MTT (3, (4,5-dimethylthiazol-2-yl)-5-(3 car-
boxymethoxyphenyl- 2 (4-sulfophenyl)-2H-
tetrazolium) (Sigma-Aldrich®, Steibeim, Ger-
many) assay (29). Briefly, 5×104 cells were 
plated in a total volume of 100 μl in 96-well 
plates (FALCON, USA) and suspended in me-
dium with different concentration of 4-HPR, 
1α,25(OH)2D3, and Bryostatin-1(Bryo-1). MTT 
was dissolved in absolute ethanol.  Following 
24, 48, and 72 hr incubation, 0.01 ml of MTT 
solution (at a final concentration 0.5 mg/ml) 
was added per well. The plates were then in-
cubated for additional 3 hr. Then 100 μl of 
stop solution (isopropanol containing 0.04% 
HCl) was added per well. Immediately after 
solving the blue formazon crystals, the absor-
bance of samples was read using a 96-well 
plate reader (Anthos 2020) at 570 and 630 nm 
wave lengths. Results reported in this article 
are the mean±S.E.M. of three independently 
performed experiments, and each concentra-
tion was tested in eight wells per experiment. 
The results were considered to be significant 
when the p-value was <0.05, and highly 
significant when the p-value was <0.01 or 
<0.001. 
 

Flow cytometric analysis of cell cycle 
The DNA content during cell cycle steps 

were evaluated with flow cytometry. In brief, 
5×106 cells were treated with drugs at a spe-
cific concentration. After 24 hr, the cell pel-
lets were washed and resuspended in 2 ml of 
1% paraformaldehyde in PBS and incubated 
for 15 min at 4°C. Then, cells were centri-

fuged and 1 ml of cold perm buffer III (BD. 
Co, USA) solution was added; cells were 
incubated for 30 min at 4°C and then were 
washed twice in PBS. Next, 500 λ of PI 
(Sigma-Aldrich®, Steinbeim, Germany) stain-
ing buffer (50 μg/ml PI, 10 μg/ml RNase in 
PBS) was added and incubated for 1 hr at 
room temperature in the dark. After DNA 
staining by Propidium Iodide (PI), samples 
were evaluated by a flow cytometer using 
Partec FloMax software (Version 2.3) (29).   
 

Flow cytometric analysis of apoptosis 
In this study, 1×106 cells/ml suspension of 

ALL cell lines was induced for apoptosis by 
addition of several concentrations of drugs. 
1x106 cells/ml suspension of non-induced leu-
kemic cells was established as a negative con-
trol. Both control and experimental leukemic 
cell samples were incubated for 24 and 48 hr 
in a 37°C, 5% CO2 incubator. Following in-
cubation, cells were washed twice with DPBS 
(Dulbecco's Phosphate Buffered Saline). 
After that, the cells at concentration of about 
1×106 cells/ml were resuspended in 1X bind-
ing buffer (100 mM HEPES/NaOH, pH 7.5 
containing 1.4 M NaCl and 25 mM CaCl2). 
Five hundred λ of the apoptotic cell suspen-
sion was added to a plastic 12 x 75 mm test 
tube, and 500 λ of the non-induced cell sus-
pension was added to a second plastic tube. 
Next, 5 λ of AnnexinV-FITC (Sigma-Ald-
rich®, Steibeim, Germany) and 10 λ of Pro-
pidium Iodide (PI) (Sigma-Aldrich®, Stei-
beim, Germany) were added to each cell sus-
pension. Then the tubes were incubated at 
room temperature for exactly 10 min and pro-
tected from light. Finally, fluorescence of the 
cells was immediately determined by a flow 
cytometer (29).  

In order to adjust the flow cytometer for 
evaluating the apoptosis, a positive and a 
negative control sample was used. As a posi-
tive control, apoptosis was induced in a 1×106 
cells/ml suspension of leukemic cells by ad-
dition of 1 µg/ml Staurosporine (Sigma-Ald-
rich®, Steibeim, Germany). Flow cytometry 
analysis was performed using Partec FloMax 
software (Version 2.3).  

D
ow

nloaded from
 http://w

w
w

.ajm
b.org

http://www.ajmb.org


18

Study of Anti-Cancer Drugs in ALL 

Avicenna Journal of Medical Biotechnology, Vol. 3, No. 4, October-December 2011 180 

Flow cytometric analysis of differentiation 
The ALL cell lines were analyzed for 

phenotypic evidence of differentiation by 
examining the expression of cell surface 
antigens as described previously (30,31). Briefly, 
CCRF-CEM and Nalm-6 cells were washed 
with PBS supplemented with 1% FBS and 
stained with the following antibodies for  
30 min at 4ºC: R-phycoerythrin (RPE)-con-
jugated mouse anti-human CD19 IgG1, R-
phycoerythrin (RPE)-conjugated mouse anti-
human CD38 IgG1, or fluorescein isothiocyan-
ate (FITC)-conjugated mouse anti-human 
CD7 IgG2b (DakoCytomation, DAKO, Den-
mark). Specifically, CCRF-CEM cells were 
stained with FITC-conjugated mouse anti-
human CD7 IgG2b and Nalm-6 cells were 
stained with RPE-conjugated mouse anti-
human CD19 IgG1 or RPE-conjugated mouse 
anti-human CD38 IgG1. Cells were then 
washed to remove unbound antibody, resus-
pended in 0.5 ml PBS containing 1% FBS for 
immediate analysis with a minimum acquisi-
tion of 2×104 events. Samples were run on a 
Partec FloMax flow cytometer. Results are 
presented as the relative mean fluorescence 
after subtracting the isotype control for each 
sample compared to the untreated media con-
trols. 
 

Western immunoblot analysis  
Cell lysates (from 6×106 cells) were as-

sayed for protein concentration with the BCA 
Protein Assay Reagent kit (Thermo scientific, 
U.S.A). Sodium Dodecyl Sulfate-Polyacryl-
amide Gel Electrophoresis (SDS-PAGE) an-
alysis was performed as previously described 
(32,33). Proteins were resolved on a 12% SDS 
polyacrylamide gel, transferred to a PVDF 
membrane (Roche, Germany). After trans-
ferring to PVDF membrane and blocking the 
non-specific binding sites with 5% skim milk, 
the membrane was incubated with the human 
reactive monoclonal anti-caspase-3 (abcam, 
Mediqip, United States) for 2 hr followed by 
incubation with the secondary rabbit anti-
mouse horseradish peroxidase-labeled anti-
body (1:1000) for one hr. Bound antibody 
was detected with the ECL Western Blotting 

Detection System (GE healthcare, U.K). The 
chemiluminescence of the membranes was 
detected by exposure to X-ray film (Kodak, 
Rochester, NY). Hybridization with the house 
keeping protein β-Actin was used as a control 
for equal loading and protein quality. 
 

Statistical analysis 
Statistical analyses were carried out using 

SPSS software (PASW 18, an IBM Company, 
Iran). Data are expressed as the mean±S.E.M. 
and comparison between the controls and 
each treatment group was performed using a 
two-tailed, paired student’s t-test. The results 
were considered to be significant when the p-
value was <0.05, and highly significant when 
the p-value was <0.01 or <0.001. 
 

Results 
 

Effects of anti-cancer compounds on prolifer-
ation in ALL cell lines 

Recently, we have shown that 4-HPR can 
prevent the growth and proliferation of an 
AML cell line (NB-4) (34). In the present 
study, to determine the growth inhibitory ef-
fect of 4-HPR on two acute lymphoblastic 
leukemia cell lines (CCRF-CEM, and Nalm-
6), both cell types were exposed to increasing 
concentrations of 4-HPR (1, 2.5, 5, 7.5, and 
10 µM) and cell viability was determined by 
MTT assay. Eight samples were tested for 
each drug concentration and each experiment 
was repeated three times before MTT analy-
sis. Results are represented in figure 1. 4-HPR 
inhibits the growth of ALL cell lines in a 
concentration-dependent manner (Figure 1A) 
and the most inhibitory effects were observed 
in Nalm-6 cells at low micromolar (µM) 
range after 72 hr. Overall, the results indicate 
that Nalm-6 cells relative to CCRF-CEM cells 
are more sensitive to fenretinide treatment. 

1α,25(OH)2D3 was another compound in-
vestigated in the present study. Based on 
previous studies (13,35), concentrations in the 
nanomolar range were chosen to treat the cell 
lines (0.1, 10, and 100 nM). In figure 1B, 
effect of 1α,25(OH)2D3 on growth of CCRF-
CEM and Nalm-6 cell lines is demonstrated. 
The maximum concentration used in this 
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study (100 nM) revealed the highest inhibi-
tory effects on growth of both leukemic cell 
lines. In Nalm-6 cells, 1α,25(OH)2D3 induced 
73% inhibition at 100 nM, 48 hr post treat-
ment. Nalm-6 cell line was more sensitive to 
1α,25(OH)2D3 treatment relative to CCRF-
CEM. 

The third anticancer drug chosen to deter-
mine its growth inhibitory effects on ALL 

cells was Bryostatin-1. Although the concen-
trations of Bryostatin-1 used in this study 
were in the low nanomolar (nM) range, the 
results indicate a significant decrease in the 
survival of two leukemic cell lines. For in-
stance, as shown in the figure 1C, Bryostatin-
1, at concentration 10 nM, inhibits prolifer-
ation of CCRF-CEM and Nalm-6 cells by 
63.03% and 60.25%, respectively (48 hr post 

Figure 1. Effect of (A) 4-HPR, (B) 1α,25(OH)2D3, and (C) Bryostatin-1 on proliferation of two ALL cell lines (CCRF-CEM, 
Nalm-6). (D and E) Synergistic effects of 4-HPR and 1α,25(OH)2D3 (VD3) on proliferation of CCRF-CEM and Nalm-6 cells. 
Results show the mean±S.E.M. of three independently performed experiments. Each concentration was tested in eight wells 
per experiment. P-values are for individual treatment groups compared to control (*p<0.001, **p<0.01, # p<0.05) 
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Table 1. Concentrations of anti-cancer drugs that produced 50% 
growth inhibition (ED50) of ALL cells 

 

ED
50

 for anti-cancer drugs 

Cell line Time 4-HPR VD
3
 Bryo1 

CCRF-CEM 

24 hr 7.2 µM N.R.  7.4 nM  

48 hr 5.2 µM  N.R.  4.6 nM  

72 hr 4.8 µM  N.R.  6.7 nM  

Nalm-6     

24 hr 5.7 µM  N.R.  N.R. 

48 hr 4.8 µM  39.2 nM  5.8 nM  

72 hr …  53.9 nM  N.R. 

Abbreviations: 4-HPR, fenretinide; VD
3 
, 1,25α (OH)

2
D

3
; 

Bryo1, Bryostatin1; N.R., not reached.  
 

 

ED50 was determined by plotting the inhibition of cell proliferation (MTT 
assay) in the presence of increasing concentration of 4-HPR (1-10 µM), 
VD3 (0.1-100 nM), and Bryo-1 (0.1-10 nM) 

treatment). 
To show the effective dose of each anti-

cancer drug that inhibited 50% growth (ED50) 
of ALL cells after 24, 48, and 72 hr treatment, 
ED50 was determined by plotting the inhibi-
tion of cell proliferation in the presence of 
increasing concentration of 4-HPR (1-10 µM), 
VD3 (0.1-100 nM), and Bryostatin-1 (0.1-10 
nM) (Table 1). Comparing the ED50s among 
the three drugs, 4-HPR potently inhibited the 
growth of CCRF-CEM and Nalm-6 cells 
(ED50 ranging from 4.6 to 7.2 µM); however, 
it is clear that Bryostatin-1 has the lowest and 
clinically acceptable ED50 in lymphoblastic 
leukemia cell lines (24,28). 

Because previous studies demonstrated the 
cooperative action of retinoic acid derivatives 
and 1α,25(OH)2D3 in various cancer cells 
(36,37), we next examined the synergistic effects 
of 4-HPR and 1α,25(OH)2D3 on proliferation 
inhibition in acute lymphoblastic leukemia 
cell lines (CCRF-CEM and Nalm-6) using 
MTT assay. Figures 1D and 1E respectively 
show that combination of low concentrations 
of 4-HPR (1 and 2.5 µM) and 1α,25(OH)2D3 
(0.1 and 1 nM) can significantly reduce via-
bility of ALL cells (up to 80%). 
 

Flow cytometric analysis of cell cycle 
To investigate the mechanisms by which 4-

HPR, 1α,25(OH)2D3, and Bryostatin-1 inhibi-
ted the growth of ALL cell lines, the cell 
cycle distribution was analyzed after exposure 
of these cells to the anticancer drugs. As 
shown in table 2, the untreated CCRF-CEM 
cells (T-ALL) were mainly in G2/M phase 
(51.61%), and with the treatment of 5 µM 4-
HPR and 100 nM 1α,25(OH)2D3 for 24 hr, the 
percentage of S phase cells were significantly 
decreased and those of G2/M phase cells were 
correspondingly increased (65.6% and 63.22% 
respectively).  

In contrast, treatment of CCRF-CEM cells 
with Bryostatin-1 (10 nM, 24 hr) significantly 
decreased the fraction of G2/M cells (26.83%) 
and increased the fraction of G0/G1 cells 
(46.8% compare to control 29.54%). Table 2 
shows that untreated Nalm-6 cells (B-ALL) 
were mostly in G0/G1 (65.35%). When treat-

ed with 4-HPR (5 µM), 1α,25(OH)2D3 (100 nM), 
and Bryostatin-1 (10 nM), B-ALL cells were 
markedly accumulated in G0/G1 phase  
(86.42%, 76.1%, and 89.6%, respectively). 
Figure 2 is a representative flow cytometric 
chart of effects of anti-cancer drugs on cell 

Table 2. Effects of anti-cancer drugs on ALL cell cycle distribution 
 

Percentage of cells 

Cell 
line Drugs G0/G1 S G2/M 

CCRF-CEM

Control 29.54±3.4 18.85±2.9 51.61±0.42 

4-HPR 30.67±5.7 3.73±0.5* 65.6±2.7* 

1α,25(OH)2D
3
  28.27±2.3 8.51±1.05 63.22±7.4 

Bryostatin-1 46.8±5.2* 26.37±2.45 26.83±0.99* 

Nalm-6

Control 65.35±1.76 11.76±2.94 22.89±4.15 

4-HPR 86.42±2.33* 5.73±1.05 7.85±3.86* 

1α,25(OH)2D
3
  76.1±5.62 9.4±3.01* 14.5±5.54* 

Bryostatin-1 89.6±1.53* 0.17±0.07 10.23±3.49* 
 

Effects of anti-cancer drugs on cell cycle distribution of CCRF-CEM and Nalm-6 cells. ALL 
cells were plated in a 24-well plate and cultured with 4-HPR (5 µM), 1α,25(OH)2D3 (100 nM), 
and Bryostatin-1 (10  nM). After 24 hr, cell distribution was analyzed by flow cytometry. 
Results represent the mean±S.E.M. of three separate experiments. P-values are for individual 
treatment groups compared to control (*p<0.05) 
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cycle distribution in acute lymphoblastic leu-
kemia cells.  
 

Flow cytometric analysis of apoptosis 
Next we examined the involvement of apo-

ptotic cell death in reduced survival of CCRF-
CEM and Nalm-6 cells in response to three 
anticancer drugs. For this purpose, Annexin V 
staining and flow cytometric analysis was 
utilized. The apoptosis sensitivities of the in-
vestigated cell lines were looked at in three 
groups of 4-HPR-treated, 1α,25(OH)2D3-treat-
ed, and Bryostatin-1-treated cells (Tables 3A, 
3B, and 3C). In table 3A, CCRF-CEM and 
Nalm-6 cells treated by 4-HPR demonstrate 
an increase in apoptosis as the concentrations 
change. Table 3B shows that at higher con-
centrations of 1α,25(OH)2D3, CCRF-CEM cells 
were more responsive than Nalm-6 cells in  
48 hr treatment group. As results in table 3C  
show, exposure of CCRF-CEM and Nalm-6 
cells to Bryostatin-1 (24 hr and 48 hr) in-
creased the population of cells being positive 
for annexin V (4.5-12.11%).  

Next we evaluated the synergistic effects of 
4-HPR and 1α,25(OH)2D3 on apoptosis in-
duction in ALL cell lines. Table 3D shows 
that combination of 4-HPR and 1α,25(OH)2D3 
increase the fraction of ALL cells undergoing 
apoptosis 24 and 48 hr post treatment when 

compared to individual treatments. Figure 3 is 
a representative flow cytometric chart demon-
strating induction of apoptosis by anti-cancer 
drugs in acute lymphoblastic leukemia cells. 
 

Flow cytometric analysis of differentiation 
In recent years, many studies have been re-

ported on the AML differentiation and differ-
entiation induction by anticancer drugs (30,31,38). 
However, very few studies on differentiation 
induction in ALL cells are available (39-41). 
Several investigations have shown that B-cell 
differentiation is correlated with an up-
regulation of both CD19 and CD38 expres-
sions (42-44). In this study, we examined the po-
tential capacity of 4-HPR, 1α,25(OH)2D3, and 
Bryostatin-1 for differentiation induction in 
B-ALL (Nalm-6) cells. Figures 4A and 4B 
show that treatments by three anti-cancer 
drugs strongly induce up-regulation of CD19 
and CD38 in Nalm-6 cells.   

To examine differentiation induction in 
CCRF-CEM (T-ALL) cells, we evaluated the 
presence of CD7 expression on these cells 
before and after treatment with three anti can-
cer compounds. We showed that all three 
anticancer drugs significantly increased CD7 
expression in CCRF-CEM cell line (Figure  
4C). A representative flow cytometric chart of 
these experiments is shown in figure 5.  

Figure 2. Effects of 4-HPR, 1α,25(OH)2D3, and Bryostatin-1on cell cycle distribution of CCRF-CEM and Nalm-6 
cells. ALL cells were cultured with anti-cancer drugs. After 24 hr, cell distribution was analyzed by flow cytometry 
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Effects of anti-cancer compounds on caspase-3 
activity in ALL cell lines  

Since all three anti-cancer compounds (fen-
retinide, 1α,25(OH)2D3, and Bryostatin-1) in-
duce apoptotic cell death in CCRF-CEM and 
Nalm-6 cell lines, we evaluated the mechan-

ism by which these anti-cancer drugs act. 
Activation of caspase-3, a key enzyme involv-
ed in apoptotic cell death, was examined in 
ALL cell lines treated by drugs for 24 hr 
using Western blotting. Caspase-3 activity 
was observed in ALL cells when compared to 
control cells (ALL cells without treatment)  

Table 3A. Apoptosis induction by 4-HPR 
 

CCRF-CEM Nalm-6 

Time Concentration Apoptosis % 

24
 h

ou
r 

Control 0.57 ± 0.25 0.33 ± 0.13 

1 µM 3.67 ± 1.82 6.72 ± 2.44 

2.5 µM 9 ± 4.1 11.8 ± 3.02 

5 µM 11.4 ± 2.66* 12.72 ± 1.38* 

7.5 µM 15.97 ± 1.81* 9.22 ± 2.77 

10 µM 10.86 ± 0.98* 9.7 ± 1.56* 

48
 h

ou
r 

Control 0.71 ± 0.19 0.44 ± 0.075 

1 µM 10.95 ± 1.39* 9.55 ± 0.95* 

2.5 µM 13.99 ± 0.53* 10.91 ± 3.45 

5 µM 16.62 ± 2.44* 9.67 ± 1.24* 

7.5 µM 10.09 ± 5.21 8.67 ± 4.16 

10 µM 11.3 ± 1.58* 20.12 ± 9.5 
 

Table 3B. Apoptosis induction by 1α,25(OH)2D3 
 

CCRF-CEM Nalm-6 

Time Concentration Apoptosis % 

24
 h

ou
r 

Control 0.57 ± 0.25 0.33 ± 0.13 

0.1 nM 3.5 ± 1.65 2.29 ± 0.77 

1 nM 4.91 ± 2.18 3.56 ± 0.22* 

10 nM 5.78 ± 2.19 4.46 ± 2.36 

100 nM 9.71 ± 1.9* 7.81 ± 2.39 

48
 h

ou
r 

Control 0.71 ± 0.19 0.44 ± 0.075 

0.1 nM 3.78 ± 1.19 5.52 ± 0.87* 

1 nM 6.24 ± 1.42 3.86 ± 0.53* 

10 nM 8.52 ± 1.32* 3.58 ± 1.91 

100 nM 40.89 ± 8.96* 15.47 ± 3.4* 
 

Table 3. Apoptosis induction by (3A) 4-HPR, (3B) 1α,25(OH)2D3, and (3C) Bryostatin-1 in ALL cell lines. (3D) Apoptosis 
induction by combination of 4-HPR and 1,25α (OH)2D3 in CCRF-CEM and Nalm-6 cells  

Table 3C. Apoptosis induction by Bryostatin-1 
 

CCRF-CEM Nalm-6 

time concentration Apoptosis % 

24
 h

ou
r 

Control 0.57 ± 0.25 0.33 ± 0.13 

0.01 nM 5.41 ± 1.39 6.23 ± 4.94 

0.1 nM 5.62 ± 0.37* 7.09 ± 1.2* 

1 nM 5.44 ± 1.73 6.82 ± 0.83* 

10 nM 10.02 ± 4.1 9.95 ± 4.06 

48
 h

ou
r 

Control 0.71 ± 0.19 0.44 ± 0.075 

0.01 nM 4.51 ± 0.52* 4.18 ± 0.15* 

0.1 nM 7.15 ± 3.48 4.88 ± 3.21 

1 nM 8.45 ± 1.1* 8.74 ± 1.8* 

10 nM 12.11 ± 4.69 11.02 ± 1.83* 
 

Table 3D. Apoptosis induction by combination of 4-HPR and VD3 
 

Apoptosis % concentration Time Cell 

0.49 ± 0.22 Control 

24
 h

ou
rs

 

C
C

R
F-

C
E

M
 

7.85 ± 1.54* 0.1 nM,VD3+ 1 µM,4-HPR 

12.32 ± 1.78* 0.1 nM,VD3+ 2.5 
µM,4HPR 

15.04 ± 2.09* 1 nM,VD3+ 1 µM,4HPR 

20.79 ± 2.59* 1 nM,VD3+ 2.5 µM,4HPR 

0.47 ± 0.19 Control 

24
 h

ou
rs

 

N
al

m
-6

 8.48 ± 2.25 0.1 nM,VD3+ 1 µM,4-HPR 

11.55 ± 2.38* 0.1 nM,VD3+ 2.5 
µM,4HPR 

10.66 ± 2.67 1 nM,VD3+ 1 µM,4HPR 

11.85 ± 2.6* 1 nM,VD3+ 2.5 µM,4HPR 
 

Results (mean±S.E.M. of three separate experiments) are the percentage of cells positive for annexin V. P-values are for individual treatment 
groups compared to control (*p<0.05) 
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suggesting that caspase-3 is activated in ALL 
cells treated with 4-HPR, 1α,25(OH)2D3, and 
Bryostatin-1 (Figure 6). We monitored uni-

form expression of β-Actin as a loading con-
trol. 

 

Figure 3. Flow cytometric analysis of cell surface molecules on Nalm-6 and CCRF-CEM cells treated with 4-HPR, 1α,25(OH)2D3, and 
Bryostatin-1. Nalm-6 cells were assessed via flow cytometric analysis using PE-conjugated anti-CD19 mAb (A) or anti-CD38 mAb (B), 
24, 48 and 72 hr post treatment. (C) Expression of CD7 by CCRF-CEM cells using FITC-conjugated anti-CD7 mAb. Results represent the 
mean±S.E.M. of three separate experiments. P-values are for individual treatment groups compared to control (*p < 0.001, **p < 0.01, # p 
< 0.05). 

Figure 4. Flow cytometric analysis of cell surface molecules on Nalm-6 and CCRF-CEM cells treated with 4-HPR, 1α,25(OH)2 
D3, and Bryostatin-1. Nalm-6 cells were assessed via flow cytometric analysis using PE-conjugated anti-CD19 mAb (A) or anti-
CD38 mAb (B), 24, 48 and 72 hr post treatment. (C) Expression of CD7 by CCRF-CEM cells using FITC-conjugated anti-CD7 
mAb. Results represent the mean±S.E.M. of three separate experiments. MIF is the mean fluorescence intensity (expressed as the 
ratio of sample mean channel:control mean channel). P-values are for individual treatment groups compared to control 
(*p<0.001, **p<0.01, # p<0.05) 
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  Discussion 
In many acute leukemias differentiation, 

terminal cell division or programmed cell 
death can be induced by variety of agents. 
Therefore, regulatory pathways involved in 
hematopoietic differentiation can be reacti-
vated in hematopoietic malignant cells with 
an appropriate stimulation (3). In this study, we 
selected three anti-cancer compounds (4-
HPR, 1α,25(OH)2D3, Bryostatin-1) to exam-
ine their differentiation induction, anti pro-
liferative, and apoptotic effects in an in vitro 
model using two ALL cell lines. 

In agreement with previous investigations 
(13,45-51), the results from present study demon-
strate the anti-cancer effects of 4-HPR, 1α,25 
(OH)2D3, and Bryostatin-1 on both leukemic 
cell lines; although, the effects varied. 4-HPR 
decreased the proliferation of leukemic cells 
in a time and concentration dependent manner 
and showed the most inhibitory effect in 
Nalm-6 cell line (B-cell derived) among the 
three anti-cancer drugs (Figure 1A).  

Similarly, previous studies have shown that 
Nalm-6 cell line to be effectively inhibited by 
4-HPR (29,52). However, in our study, Bryo-
statin-1 is clearly demonstrated to be the com-
pound with most consistent and significant 
anti-proliferative effects in CCRF-CEM cells 
(T-cell derived). Furthermore, it has the low-
est and clinically acceptable ED50 in lympho-
blastic leukemia cells (Table 1).  

In preclinical studies, Bryostatin-1 has 
shown activity against diverse tumor types in 
vitro and in vivo. Bryostatin-1 is used for the 
treatment of melanoma, lymphomas, sarcoma, 
leukemias, and breast cancer, colon cancer, 
and lung cancer (53,54). There is abundant pre-
clinical evidence that Bryostatin-1 may inter-

Figure 5. Effects of 1α,25(OH)2D3 (VD3) on CD19(A), bryostatin-1 (Bryo1)  on CD38(B)  and fenretinide (4-HPR) 
on CD7(C) expressions in ALL cell lines after 72 hr treatment. The cells stained with PE-or FITC- conjugated isotype 
mAbs were used as a control 

Figure 6. Effects of bryostatin-1 (Lane 2), 1α,25(OH)2D3 
(Lane 3), and 4-HPR (Lane 4) on activation of caspase-3 
(cleaved form) in CCRF-CEM and Nalm-6 cell lines 24 hr 
post treatment. C: negative control; Lane 1: positive con-
trol representing ALL cells treated with Staurosporine. 
β-actin: loading control 
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act synergistically in hematopoietic cells with 
various cytotoxic drugs, including ara-C (55,56) 
and fludarabine (28).  

Based upon these and other considerations, 
clinical trials combining Bryostatin-1 and 
cytotoxic agents, such as fludarabine and ara-
C, have been initiated in patients with leu-
kemia, and initial results are encouraging 
(28,55,56). There are several studies showing that 
Bryostatin-1 inhibits the growth of human 
leukemia cells at nanomolar concentrations (57-

59). In agreement with these studies, Bryo-
statin-1 in our study was clearly shown to  
have the most consistent and significant anti-
proliferative effects at nanomolar range in 
CCRF-CEM cells (T-cell derived) and not in 
Nalm-6 cells (B-cell derived). 

To investigate the mechanisms by which 
these anti-cancer drugs inhibited the growth 
of ALL cell lines, the cell cycle distribution 
was first analyzed. Terminal differentiation 
can occur when cells arrest in the G0 phase or 
directly in G2 phase (60). Treatment of CCRF-
CEM and Nalm-6 cells by 4-HPR or 1α,25 
(OH)2D3 caused an increase in accumulation 
of cells in G2/M (Table 2).  

Several studies (29,32,61) have reported 4-
HPR-induced cell cycle arrest on different 
cancerous cells with varying effects on 
G0/G1, S, G2/M phases. In our study, these 
anti-cancer drugs appear to affect the CCRF-
CEM and Nalm-6 cell cycles differently per-
haps due to different cell origins (T-cell and 
B-cell-derived ALL cell lines). Bryostatin-1 is 
shown (Table 2) to have its major effects on 
both ALL cell types through blocking the cell 
cycle at G0/G1 phase. Our results are similar 
to previous studies examining different leu-
kemic cells (47,61,62).  

Previous studies have reported that retinoic 
acid derivatives and 1α,25(OH)2D3 can syn-
ergize their inhibitory effects on various can-
cer cells (36,37,63). Therefore, we decided to 
examine the inhibitory effect of 4-HPR and 
1α,25(OH)2D3 in combination on proliferation 
of ALL cell lines. To our surprise, the com-
bination of these two drugs inhibited pro-
liferation of both ALL cell lines between 70-

80% in comparison to a range of 15-30% in-
hibition when each drug was used alone (Fig-
ures 1A, 1B, 1C, and 1D). Such strong growth 
inhibitory effects at low nano and micro 
molar concentrations may play an important 
role in patient therapy in the future.  

To further investigate whether apoptotic 
cell death mechanism was involved in the re-
duction of ALL cells treated by anti-cancer 
drugs, flow cytometric analyses were employ-
ed. Several previous studies have demon-
strated induction of apoptosis by 4-HPR 
(29,32,64-66) and Bryostatin-1 (26,58,62,67,68) in various 
cancer cell types including leukemias.  

In our study, these drugs generally inhibi-
ted the proliferation through apoptotic mech-
anism up to 20% and did not change sig-
nificantly between 24 or 48 hr post treatments 
(Table 3). One significant finding in our study 
was the observation that although the Bryo-
stain-1 induced apoptosis at similar levels 
than 4-HPR, the Bryostatin-1 concentrations 
inducing apoptosis was 1000 fold less than 4-
HPR concentrations. This is particularly im-
portant if this drug is considered to be a drug 
of choice in chemotherapeutic treatments of 
patients with leukemias in the future.  

Notably, apoptotic effects appeared to in-
crease in response to 1α,25(OH)2D3  at 100 nM 
concentration in CCRF-CEM up to  40% after 
48 hr treatment (Table 3B). Interestingly 
similar increased induced apoptosis in CCRF-
CEM cell line was observed when combin-
ation of 4-HPR and 1α,25(OH)2D3 were 
evaluated by flow cytometry (Table 3D). 
However, these effects were not observed in 
Nalm-6 cell line neither in 24 hr nor 48 hr 
post treatment. Although the inhibitory effects 
of 1α,25(OH)2D3 in Nalm-6 cell line appear to 
be more prominent (Figure 1B), flow cyto-
metric analysis shows that this effect is main-
ly through necrosis and not apoptosis (results 
not shown).  

Studies of the effects of 1α,25(OH)2D3 on 
apoptosis are contradictory in literature and 
depend mostly on the cell model applied. 
Some investigations have shown that 1α,25 
(OH)2D3 induces differentiation but not apo-
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ptosis (69-71) but others have demonstrated apo-
ptosis to be induced by 1α,25(OH)2D3 in dif-
ferent cancer cells (35,72,73). In our study CCRF-
CEM cell line which is a T-cell derived 
appear to be most sensitive to 1α,25(OH)2D3. 
To our knowledge no previous study has 
demonstrated this effect on a T-cell derived 
cell line. This finding may help the designing 
of new protocols for T-ALL differentiation 
therapy in the future.  

To gain insight into the molecular basis of 
apoptosis induced by the three anti-cancer 
compounds used in this study, we assayed for 
caspase-3 activity, a key cellular protein tar-
geted during apoptosis. Caspase-3 has been 
shown previously to be activated in cancer 
cell types (29,74-76) in response to 4-HPR. West-
ern blotting show (Figure 6) that 4-HPR, 
1α,25(OH)2D3 and Bryostatin-1 promoted the 
cleavage of the zymogen of caspase-3 to yield 
the active form of caspase-3 in ALL cell lines 
after 24 hr exposure. Among the three drugs 
used in this study, 4-HPR has been previously 
demonstrated to induce the release of cyto-
chrome c in CCRF-CEM human lymphoblast-
oid cells leading to activation of caspase path-
ways (77). These results suggest that caspases 
are the major pathways mediating apoptosis 
induced by 4-HPR, 1α,25(OH)2D3 and Bryo-
statin-1 in leukemic cells.  

Currently Cluster Differentiation (CD) anti-
gens are used to monitor treatment of patients 
suffering from hematologic malignancies (78).  
Although differentiation therapy has been 
widely studied in AML, there are few inves-
tigations on acute lymphoblastic leukemia, 
perhaps because ALL is considered a disease 
of differentiated lymphocytes (79). It is in-
teresting that in most cases of ALL, trans-
formed immature hematopoietic stem/pro-
genitor cells with differentiation capacity are 
a dominant feature (39-41,80).  

Several studies have shown that B-cell dif-
ferentiation is correlated with an up regu-
lation of both CD19 and CD38 expressions  
(42-44). To evaluate the differentiation induction 
capacity of 4-HPR, 1α,25(OH)2D3 and Bryo-
statin-1 on Nalm-6, we used flow cytometry 

to detect CD19 and CD38 expression levels. 
As the results demonstrate (Figures 4A and 
4B) the three anti-cancer compounds could 
significantly induce phenotypic differentiation 
of Nalm-6 cell line. Similar results have been 
reported previously in B-ALL cells (42-44,79,81).  

To our knowledge, no study on T-ALL 
differentiation induced by anticancer drugs 
has been reported. Therefore, to find a proper 
CD marker to evaluate T-ALL cell differenti-
ation, we assayed for the presence of CD7 
marker suggested in immunophenotyping and 
MRD studies as an important marker (82-85). As 
it is shown in figure 4C, 4-HPR, 1α,25(OH)2 
D3, and Bryostatin-1 significantly increased 
the expression of CD7 on CCRF-CEM cells, 
indicating that T-ALL cells have the capacity 
to respond to these anti-cancer drugs. Current-
ly most studies are focused on demonstrating 
that anti-cancer drugs are effective on AML 
and B-ALL cells; however, our results for the 
first time suggest that T-ALL cells (CCRF-
CEM cell line) can also be tested for drug dif-
ferentiation therapy and should not be ignored 
in future studies.    

Bryostatin-1 is clearly able to induce differ-
entiation in monocytic leukemia cells (48,62). 
However, there are just few investigations on 
differentiation induction by Bryostatin-1 on 
acute lymphoblastic leukemia cells, and most 
of them have assayed this phenomenon on 
Reh, a human early pre-B acute lymphoblastic 
leukemia (86,87).  

In the present study, we, for the first time, 
showed that Bryostatin-1 has a potent cap-
acity to induce differentiation on both B-ALL 
(Nalm-6) and T-ALL (CCRF-CEM) cell lines. 
Thus, Bryostatin-1 may represent the proto-
type of a differentiation inducer whose major 
role in acute lymphoblastic leukemia therapy 
could be as a modulator of cytotoxic drug 
action. 
 

Conclusion 
In summary, this study has demonstrated 

that 4-HPR, 1α,25(OH)2D3, and Bryostatin-1 
have anti-leukemic characteristics against 
both ALL B-cell and T-cell derived cell lines 
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(Nalm-6 and CCRF-CEM). Furthermore, we 
have shown that the combination of 4-HPR 
and 1α,25(OH)2D3 increased the inhibition of 
proliferation and apoptosis synergistically at 
low micro and nanomolar levels. This finding 
may be quite significant if these drugs are to 
be used for differentiation therapy of ALL 
patients in the clinic in the future.  

We are reporting a consistent anti prolifer-
ative and apoptotic effects of Bryostatin-1 in 
ALL T-cell derived cell line with the lowest 
ED50, making it potentially an accepted drug 
of choice in the clinic. This is important par-
ticularly due to insensitivity of T-cells to cur-
rent chemotherapies for treatment of T-ALL 
patients.  

The results from this study strongly in-
dicate that the anti-leukemic effects of 4-HPR, 
1α,25(OH)2D3, and Bryostatin-1 are mediated 
by targeting cell proliferation, cell cycle dis-
tribution, apoptosis and differentiation in ALL 
cell types. Further studies are warranted to 
evaluate the therapeutic efficacy of this class 
of agents in vivo.  
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