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ABSTRACT
Proanthocyanidins, natural polyphenolic compounds found in plants, are known to have
antioxidant and anti-cancer effects. We investigated whether the anti-cancer effects of
proanthocyanidins are induced by apoptosis on human colorectal cancer cell line, Caco-2.
The anticancer effect of proanthocyanidins, via apoptosis induction resulting from
mitochondrial dysfunction, was assessed in colorectal cancer (Caco-2) cells in vitro with an
IC50 of 120μg/mL. Treatment of Caco-2 cells with proanthocyanidins encouraged apoptosis
and antiproliferative effect with cell death-transducing signals by a down-regulation of Bcl-2,
up-regulation of p53 and caspases-3 expression were also observed in treated cells.
Additionally, a typical characteristics of apoptosis including DNA fragmentation and
cytological alterations was observed. Future study will may deal with further investigations
of proanthocyanidins as possible usages as a new alternative or complementary
chemotherapeutic agent for human cancer types specially colorectal cancer type.
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INTRODUCTION
Proanthocyanidins are some of the most abundant polyphenolic substances in the plant
kingdom. Proanthocyanidins are an integral part of the human diet, found in high
concentration in fruits, vegetables and seeds as well as in most types of tea [1]. Numerous
studies have reported that flavonoids have potent antioxidant effects through scavenging of
superoxide and hydroxyl radicals [2] and anti-proliferative actions via inhibition of metabolic
pathways and inhibition of intra-cellular signal transduction [3]. In addition, a variety of
proanthocyanidins have been shown to be anti-bacterial, anti-viral, anti-carcinogenic, antiinflammatory, anti-allergic and consequently reduce the concentration of reactive oxygen
species and cardioprotective effects in human beings [4].
Apoptosis, a programmed cell death, also plays an essential role as a protective mechanism
against cancer cells [5]. Induction of apoptosis is a highly desirable mode as a therapeutic
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strategy for cancer control. In fact, many chemopreventive agents act through the induction
of
apoptosis as a mechanism to suppress carcinogenesis [6]. Recently, cancer chemotherapy has
gradually improved with the development and discovery of novel anti-tumor drugs, but
sometimes these drugs have been limited in clinical application by drug resistance of tumor
and by serious damage to the normal tissues and cells.
The major apoptotic pathways can be divided into caspase- and mitochondria-dependent
pathways, according to caspase-3 activation which is generally considered to be a key
hallmark of apoptosis [7]. Apoptosis is characterized by chromatin condensation and DNA
fragmentation, and is mediated by the cysteine protease family called caspase-3 [8]. Tumor
suppressor protein p53 is a principal factor in regulation of growth arrest as well as apoptosis.
Indeed, in response to various types of stress, p53 becomes activated as a consequence, cells
can undergo marked phenotype changes, ranging from increased DNA repair to senescence
and apoptosis [9]. Mitochondria are involved in a variety of key events, including release of
caspase-3 activators, changes in electron transport, loss of mitochondrial membrane potential,
and participation of both pro- and anti-apoptotic Bcl-2 protein [10]. Alterations in
mitochondrial structure and function have been shown to play a crucial role in caspase-3dependent apoptosis and Bcl-2 expression [11]. Bcl-2 is the founding member of family of
genes that either prevents or promotes cellular apoptosis. Bcl-2 itself is an anti-apoptotic gene
that prevents initiation steps of apoptosis and programmed cell death [12].
Proanthocyanidins incubated with several human cancer cell lines (breast, lung, gastric, and
skin) revealed a selective cytotoxicity for the cancerous cells [13]. However
proanthocyanidins has not been tested for colorectal cancer which is one of the major cause
of cancer-related mortality. Over the past decade, there is continuous increase in colorectal
carcinoma in the world as the most common malignant diseases. Colorectal cancer is the
cause of more than 1/2 million deaths worldwide, and it was ranked as the third leading cause
of cancer-related death after lung cancer and stomach cancer [14]. Epidemiological studies
have shown strong evidence that diet and lifestyle play an important role in preventing
cancer. In particular, an increased consumption of fruits and vegetables is associated with
decreasing in cancer onset and mortality [15]. In this study, we examined the inhibitory
effects of proanthocyanidins on cancer cell proliferation, for anti-tumor effects on human
colorectal cancer cell line (Caco-2).

MATERIALS AND METHODS
Chemicals: Proanthocyanidins, MTT salt [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl
tetrazolium bromide], dimethylsulfoxide (DMSO), commercial methanol, ethanol and
acetone, Tris-HCl, edetic acid, Triton-X100, RNase A, proteinase K, NaCl, 2-propanol,
phosphate-buffered saline (PBS), ethidium bromide, agarose gel, Peroxidase, trypsin,
Hematoxylin and eosin (Hx&E) stain, rabbit polyclonal antibodies against cleaved caspase-3,
primary monoclonal antibody against Bcl-2 and against p53, AB reagent, biotinylated
immunoglobulin secondary antibody and Tween 20 were purchased from Sigma-Aldrich,
Egypt.
Cell line and cell culture: Caco-2 cell line, was obtained from American Type Culture
Collection (ATCC, USA). They were sub-cultured as mono-layer according to the
instructions provided by ATCC in Dulbecco modified Eagle medium (DMEM) supplemented
with 10% heat inactivated (56°C, 30min) fetal bovine serum, 2mmol/L L-glutamine,
100U/mL Penicillin-Streptomycin and 100U/mL Amphotericin B at 37°C in a humidified
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atmosphere of 5% CO2. Cells were used when monolayer reached 80% confluence in all
experiments. Cell propagation media was purchased from Invitrogen (Carlsbad, CA).
Methods:1.Cell Viability Assay: In vitro evaluation of antiproliferation effect: growth
inhibition was evaluated by MTT assay. MTT salt or 3-(4,5-dimethylthiazole-2-yl)-2,5diphenyl tetrazolium bromide was reduced by mitochondrial dehydrogenases to water blue
insoluble formazans [16]. Viable cell number/well is directly proportional to formazans
production. 8.25×103 cells were seeded into each well of 96-well plate, incubated with culture
medium overnight (12h), replaced with fresh medium containing proanthocyanidins at
concentrations: 80µM/L, 100µM/L, 120µM/L and 140µM/L for 72h at 37ºC in an incubator
with 5%CO2. After incubation, proanthocyanidins modified medium was replaced by 100μL
of MTT (0.5mg/mL) medium for incubation (3h at 37°C and 5%CO2). MTT medium was
then replaced with 100μL of DMSO and left for 10min on a platform shaker to solubilize
converted formazan. The absorbance values were determined at 570nm test wavelength and
630nm reference wavelength (Spekol 1200 spectrophotometer). Untreated cells were as a
positive control cells and all values were correlated with this set of data. The experiment was
performed in triplicates. Inhibition Percentage=[1–(net Absorbance of treated well/net
Absorbance of control well)]x100%, then was plotted against proanthocyanidins
concentrations.
2.Determination of DNA fragmentation by DNA laddering assay: cells were seeded in
60-mm petri dishes at density 4x105 cells/plate (treated cells by IC50 concentration of
proanthocyanidins or positive control cells). Adherent and floating cells were collected by
centrifugation at 1000×g/5min. Cell pellet was suspended in cell lysis buffer (Tris-HCl
10mmol/L pH7.4, edetic acid 10mmol/L pH8.0, Triton-X100 0.5%) and kept at 4ºC/10min
then, lysate was centrifuged at 25.000×g/20min. Supernatant was incubated with RNase A
40μg/L/1h (37ºC), incubated with proteinase K 40μg/L/1h (37ºC), mixed with NaCl 0.5mol/L
and 50% 2-propanol overnight (-20ºC), then centrifuged at 25.000×g/15min. After drying,
DNA was dissolved in buffer (Tris-HCl 10mmol/L pH7.4, edetic acid 1mmol/L pH 8.0) and
separated by 2%agarose gel electrophoresis at 100V for 50min. DNA was visualized under
ultraviolet light after staining with ethidium bromide [17].
3.Cytological changes investigation: detached and trypsinized cells (IC50 concentration of
proanthocyanidins treated cells and positive control cells) were collected and centrifuged at
2000 rpm for 5min. Cell pellet was re-suspended with 100μL of PBS (pH7.3). 10μL of the
suspension were smeared on a glass slide, allowed to air-dry, fixed with cool methanol for
5min before proceeding by Hx&E stain and examined under light microscope [18].
4.Immunocytochemical investigations: by detection of Bcl-2, p53 and Caspase-3 by
immunocytochemistry staining kits. The procedure was done according to the manufacturer’s
instructions, simplified as follows: 1-2 drops of Peroxidase was applied to cells (IC50
concentration of proanthocyanidins treated cells and positive control cells) on the slide
(10min), followed by blocking solution (10min). Cells were fixed in ethanol:acetone (9:1) for
30min at -20°C and then rinsed again with cold PBS at room temperature. Cells were
incubated overnight with rabbit polyclonal antibodies against cleaved caspase-3 at 4°C, then
AB reagent and substrate-chromogen mixture (30min). Between each step, the slide was
washed with washing buffer (PBS) with 0.1% Tween 20). Cells were incubated overnight
with primary monoclonal antibody against Bcl-2 and against p53 at dilution of 1:75 at 4°C,
then in Tris buffer and biotinylated immunoglobulin secondary antibody was used [19]. The
slides were then mounted and examined under light microscope.
5.Statistical analysis: results were presented as mean±standard deviations (SD). Analysis of
variance (ANOVA) for two variables (Two Way-ANOVA) was used together with student tPage 154
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test. Significant analysis of variance results were subjected to post hoc. Statistical
significance was set at P<0.05 and high significance was set at P≤ 0.01 [20].
RESULTS
1.Cell viability assay: In vitro evaluation of antiproliferation effect.
Cytotoxic effect of proanthocyanidins concentrations (80µM, 100µM, 120µM and
140µM)/72h on Caco-2 cells was determined by MTT assay (Figure 1). Cells number started
to reduce immediately after treatment with proanthocyanidins concentrations in a dose
dependent manner. All concentrations were found to be high significantly different (P≤0.01)
in respect to their antiproliferative and apoptotic effects when compared with positive control
cells. Cell inhibition percentage was gradually increased with proanthocyanidins
concentration increasing and 90% of cell inhibition was observed in treated cells with
140µM/72h. Cell proliferation reduced about 20% and 25% when cells were treated with
80µM and 100µM for 72h, respectively. Cells proliferation decreased to 50% as treated with
concentration 120µM/72h.
2.Determination of DNA fragmentation by DNA laddering assay.
DNA degradation into multiple internucleosomal fragments is a distinct biochemical
hallmark for apoptosis. Nuclear DNA isolated from Coca-2 cancer cells was separated by
agarose gel electrophoresis and stained with ethidium bromide, and a typical ladder formation
was observed upon 72h when treated with proanthocyanidins concentration at 120µM
whereas untreated cells did not show typical ladder (Figure 2). Results indicated that
proanthocyanidins induced DNA fragmentation which was caused by apoptosis.
3.Cytological changes investigation.
Positive control cells group had round nuclei, distinct small nucleoli and homogeneous
chromatin with an accentuated nuclear membrane (Figure 3a). After Coca-2 cells treatment
by proanthocyanidins concentration at 120µM/72h, apoptotic cells were identified by a series
morphological changes as an important experimental proof of underlying processes
alterations appeared as: bleb plasma membrane, cellular shrinkage, chromatin condensation
granules, vacuolated cytoplasm, degrading nucleus and apoptotic bodies formation were
observed (Figure 3b, 3c and 3d).
4.Immunocytochemical investigation.
After Coca-2 cells treatment by proanthocyanidins concentration at 120µM/72h, the reaction
of caspase-3 protein was considered positive (over expression of caspase-3 protein) when
over 50% of treated tumor cells had a clear brown cytoplasm staining, with slight degrading
in the intensity in the same field (Figures 3f). Specially those fields that had necrotic or
apoptotic nucleus as sign for proanthocyanidins treatment effect, but fields of positive control
cells have negative reaction of caspase-3 (cytoplasm did not show the brownish reaction
stain) (Figure 3e). On the other hand regarding to the positive control Coca-2 cells, Bcl-2
protein reaction was considered positive (over expression of Bcl-2 protein) when over 55% of
cells had nuclear membrane, mitochondrial outer membrane and endoplasmic reticulum
membrane brown staining, with slight intensity degrading in the same field (Figures 3g).
After Coca-2 cells treatment by proanthocyanidins concentration at 7µM/72h, those fields
that had necrotic or apoptotic nucleus as sign for proanthocyanidins apoptotic effect with Bcl2 negative reaction (faint to non-brown stain) (Figure 3h). Also, when applying p53 stain,
p53 protein reaction in the positive control Coca-2 cells, was showed negative reaction (no
brown stain) (Figure 3j). Treated Coca-2 cells, those fields had necrotic or apoptotic nucleus
for proanthocyanidins effect showed p53 positive reaction (over expression of p53 protein)
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when over 55% of cells had nuclear brown staining, with slight intensity degrading in the
same field (Figures 3i).

Figure 1: Effect of proanthocyanidins with different concentrations on the cells viability of
Caco-2 cells. The experiment was performed in triplicates and values means were calculated
[mean±SD, n (for each concentration)=4].

Figure 2: DNA fragmentation by DNA laddering assay of extracted DNA from
proanthocyanidins treated cells and positive control cells. DNA laddering, typical for
apoptotic cells, which were visible in treated Coca-2 cells (T), and there was no any apoptotic
features in the positive untreated cells (C) where M indicating to marker.
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Figure 3: Cells in different stages of apoptosis in treated cells are easily distinguishable. Cell
with normal morphology (a). Degradation of nucleus, vacuolated cytoplasm with apoptotic
bodies (b). Complete apoptotic cell (c). Nuclear condensation is evident in cells (dark,
condensed and irregular rounded nucleus), bleb membrane and cell shrinkage (d).
Immunocytochemistry of caspase-3 protein. Control positive cell showing cytoplasm
negative reaction for caspase-3 protein (e). Treated cell showing cytoplasm positive reaction
for caspase-3 protein (f). Control positive cell showing Bcl-2 protein nuclear membrane,
mitochondrial outer membrane and endoplasmic reticulum membrane showing brownish
positive reaction (g). Treated cell showing negative reaction of apoptotic cell (h). Treated cell
showing p53 protein nuclear positive reaction (i). Control positive cell showing nuclear
negative reaction (j).
DISSCUTION
Colorectal cancer is the most common of visceral malignancies with the third most common
cause of cancer-related mortality [21]. Despite improvements in the management of the colon
cancer patient, there is little change in survival rates over the past 50 years [22]. Tumor cells
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differ from normal cells in their non-responsiveness to normal growth-controlling
mechanisms.
We investigated the effect of proanthocyanidins induced apoptosis on human colorectal
cancer cell line Caco-2 to define the pharmacological basis for anticancer effects and its
mechanism of proanthocyanidins. The results of present study demonstrated that
proanthocyanidins induce cytotoxic effect measured by the cell viability on Caco-2 cells in a
dose-dependent manner. Caco-2 cells also showed apoptotic morphological change of nuclear
shrinkage, chromatin condensation, irregularity in shape and retraction by proanthocyanidins
treatment. At the execution phase of apoptosis, a series of morphological and biochemical
changes appear to have resulted from the action of caspase [23]. In this study, we observed
the apoptotic morphology of cellular bodies. It is known that DNA strand breaks occur during
the process of apoptosis [24]. DNA fragmentation, a hallmark of apoptosis, is regulated by a
specific nuclease called caspase-activated DNase and its inhibitor [25]. In our data, it is
shown that the Caspase-3 gene expression and its activity were increased after
proanthocyanidins treatment. Caspase-3, in particular, is believed to be most commonly
involved in the execution of apoptosis in various cell types [26].
Apoptosis has specific signals instructing the cells with specific morphological change as
plasma and nuclear membrane blebbings, chromatin condensation, proteases activation and
DNA fragmentation that are considered as landmarks of the apoptotic process [27].
Therefore, we may presume that as primary mechanism involved in proanthocyanidins
growth-inhibitory effects as it considered main apoptotic signals.
In a number of studies, it has been documented that the progress of apoptosis is regulated by
the expression of several genes, one of these genes is a member of BCL-2 family [28]. BCL2, an anti-apoptotic gene, is known for regulating the apoptotic pathways and protecting cell
death [29]. Our data showed that proanthocyanidins altered BCL-2 gene expression as it
decreased after proanthocyanidins-treatment.
P53 has been shown to be involved in the induction of apoptosis, cell-cycle arrest and
differentiation responses that prevent further proliferation of stressed or damaged cells and so
protect from outgrowth of cells harboring malignant alterations [30]. P53 role in the repair of
DNA damage has also been described and its ability to induce reversible cell-cycle arrest may
contribute to the cells ability to repair and recover from damage before reentering a normal
proliferative state [31]. Caco-2 cells which were treated with proanthocyanidins exhibited
increased levels of p53 expression which involved in proanthocyanidins-induced Caco-2 cell
death. These results suggested that the mitochondrial pathway was involved in
proanthocyanidins-induced Caco-2 cell death. So, the treatment with proanthocyanidins show
low toxicity on normal cells, and it might have a novel anti-tumor effect on human colorectal
cancer cells.
CONCLUSION
In summary, we demonstrated that proanthocyanidins caused an inhibition of cell growth
with apoptosis induction by DNA fragmentation and p53 activation in human colon (Caco-2)
cancer cell line. Moreover, a large part of our study essentially focused on the mitochondrial
pathway and we investigated that proanthocyanidins’s action was caspase-3 dependent
according to its inhibitory effect on Bcl-2 expression. There was also noticeable cytological
alterations. These new findings suggest that proanthocyanidins-induced effects may have
novel therapeutic applications for the treatment of different cancer type as previously
described for breast cancer. Future in vitro and in vivo study will may deal with further
investigations of the possible usages of proanthocyanidins as a new alternative
chemotherapeutic agent.
Page 158

RSPUBLICATION, rspublicationhouse@gmail.com

International Journal of Advanced Scientific and Technical Research
Available online on http://www.rspublication.com/ijst/index.html

Issue 5 volume 4, July-August 2015
ISSN 2249-9954

ACKNOWLEDGMENTS
We are grateful for all of Nile center for experimental researches team specially Miss. Asmaa
M. El-Gharaz (Department of cell culture) for her kindly support in the cell culture and drug
induction stage.
REFERENCES
1.Hu, H. and Qin, M. (2006). Grape Seed Proanthocyanidin Extract Induced MitochondriaAssociated Apoptosis in Human Acute Myeloid Leukaemia 14.3D10 Cells. China Med. J.,
119:417-421.
2.Halliwel, J. and Gutteridge, C. (1992). Free Radicals, Antioxidants, and Human Disease:
Where Are We Now., J. of Lab and Clin. Med., 199:598-620.
3.Hu, H. and Qin, M. (2006). Grape Seed Proanthocyanidin Extract Induced MitochondriaAssociated Apoptosis in Human Acute Myeloid Leukaemia 14.3D10 Cells., China Medical
Journal., 119:417-421.
4.Llobera, A. and Cañellas, J. (2008). Antioxidant Activity and Die-tary Fibre of Prensal
Blanc White Grape Products. Intern. J. of food and Scien. Tech., 43:1953-1959.
5.Kidd, V. (1998). Proteolytic activities that mediate apoptosis. Annu. Rev. Physiol., 60:533538.
6.Harkonen P. and Makela, S. (2004). Role of Estrogens in De-velopment of Prostate
Cancer. J. Steroid Biochem. and Mol. Bio., 92:297-305.
7.Moll, U. and Zaika, A. (2001). Nuclear and mitochondrial apoptotic pathways of p53.
FEBS. Lett., 493:65-9.
8.Agarwal, R.; Singh S. and Agarwa R. (2002). Induced Apoptotic Death of Human
Prostate Carci-noma DU145 cells via Caspases Activation Accompanied by Dissipation of
Mitochondrial Membrane Potential and Cytochrome C Release. Carcinog., 32:1869-1876.
9.Jeffers, J.; Parganas, E.; Wang, J.; Brennan, J.; Chittenden, T. and Ihle, J. (2003).
Puma is an essential mediator of p53-dependent and -independent apoptotic pathways.
Cancer Cell., 4:321-328.
10.Zamzami, N.; Susin, S.; Marchetti, P. et al. (1996). Mitochondrial control of nuclear
apoptosis. J. Exp. Med., 183:1533-1544.
11.Daugas, E.; Susin, S. and Zamzami, N. (2000). Mitochondrio-nuclear translocation of
AIF in apoptosis and necrosis. FASEB. J., 14:729-739.
12.Vousden K. (2002). Activation of the p53 tumor suppressor protein. Biochim. Biophys.
Acta.,1602:47-59.
Page 159

RSPUBLICATION, rspublicationhouse@gmail.com

International Journal of Advanced Scientific and Technical Research
Available online on http://www.rspublication.com/ijst/index.html

Issue 5 volume 4, July-August 2015
ISSN 2249-9954

13.Nandakumar, D.; Singh T. and Katiyar. S. (2005). Multi-Targeted Prevention and
Therapy of Cancer by Proanthocyanid-ins,” Cancer Letters, Vol. 269, No. 2:378-387.
14.Mertens-Talcott, J.; Lee, S.; Percival, S. and Talcott, T. (2006). Induction of Cell
Death in Caco-2 Human Colon Carcinoma Cells by Ellagic Acid Rich Fractions from
Muscadine Grapes. J. Agri. and Food Chem., 54:5336-5343.
15.Potter, J. (1996). Nutrition and Colorectal Cancer. Cancer Cause Control., 7:127-146.
16.Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Immunol. Methods., 65:55-63.
17.Zhang, Y.; Chen, X.; Liu, J. and Wong, T. (2003). DNA excision repair system of
highly radioresistant bacterium Deinococcus radiodurans is facilitated by pentose phosphate
pathway. Mol. Microbiol., 48:1317-1323.
18.John, A. and Abraham, S. (1991). Cytological changes produced by red pepper in
mitotic cells of Vicia faba L. Caryologia., 44:325-331.
19.Yoon, K.; Nakamura, Y.; Doubek, D. and Arakawa, H. (2004). Identification of
ALDH4 as p53, caspase-3 and Bcl-2-inhibitor gene and its protective role in cellular stresses.
J. Hum. Genet., 49:134-140.
20.Snedecor, G. and Cochran, W. (1980). Statistical Methods, 7th ed Iows State unive.
Press, Iowa, U.S.A.
21.Mayer, R. (2009). Targeted therapy for advanced colorectal cancer-more is not better. J.
Med., 360:623-625.
22.Murillo, G.; Hoard, M.; Naithani, R. and Mehta, R. (2008). Efficacy of herbal products
in colorectal cancer prevention. Current Colorectal Cancer Reports., 4:34-42.
23.Enari, M.; Jen, K.; Cheung, V.; Sakahira, H. and Yokoyama, H. (1998). A caspaseactivated DNase that degrades DNA during apoptosis, and its inhibitor ICAD. Nature.,
391:43-46.
24.Sarin, A.; Elias, K. and Haddad, P. (1998). Caspase dependence of target cell damage
induced by cytotoxic lymphocytes. J. Immunol., 161:2810-2813.
25.An, W.; Bermudez, J.; Gamez, A.; Wang, M. and Tashiro, S. (2004). Norcantharidin
induces human melanoma A375-S2 cell apoptosis through mitochondrial and caspase
pathways. J. Korean. Med. Sci., 19:560-563.
26.Adams, J. and Cory, S. (1998). Bcl-2 protein family: arbiters of cell survival. Science.,
281:1322-1325.

Page 160

RSPUBLICATION, rspublicationhouse@gmail.com

International Journal of Advanced Scientific and Technical Research
Available online on http://www.rspublication.com/ijst/index.html

Issue 5 volume 4, July-August 2015
ISSN 2249-9954

27.Wolvetang, E.; Perez, J.; Roig, T.; Manzano, A.; Larm, J. and Moutsoulas, P. (1996).
Apoptosis induced by inhibitors of plasma membrane NADH-oxidase involves Bcl-2 and
calcineurin. Cell Growth Differ., 7:1315-1318.
28.Polyak, K.; Waldman, T.; He, C.; Kinzler, W. and Vogelstein, B. (1996). Genetic
determinants of p53-induced apoptosis and growth arrest. Genes Dev., 10:1945-1952.
29.Polyak, K.; Xia, Y.; Kinzler, K. and Vogelstein, B. (1997). A model for p53-induced
apoptosis. Nature., 389:300-305.
30.Das, K. (2005). Intracellular Signaling Mechanisms in De- layed Preconditioning., In: G.
Baxter, D. Yellon, Eds., Delayed Preconditioning and Adaptive Cardioprotection., Kluwer
Academic Publish., 103.
31.Sherr J. and Roberts, M. (2005). CDK Inhibitors: Positive and Negative Regulators of
G1-Phase Progression., Genes and Development., 15:1501-1512.

Page 161

RSPUBLICATION, rspublicationhouse@gmail.com

