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    Chapter 21   
 Regulations of Glycolipid: XI. 
Glycosyltransferase (GSL: GLTs) Genes 
Involved in SA-LeX and Related GSLs 
Biosynthesis in Carcinoma Cells by Biosimilar 
Apoptotic Agents: Potential Anticancer Drugs 

             Subhash     Basu     ,     Rui     Ma    ,     Joseph     R.     Moskal    , and     Manju     Basu   

           Introduction 

 The term “biosimilar” refers to products marketed after expiration of patents and 
claimed to have similar properties to the existing biologic products (Bull and Taylor 
 2014 ; Abraham  2013 ; Lopes et al.  2013 ; Zajdel and Zajdel  2013 ). Our laboratory is 
looking for the potential anticancer drugs or agents to kill breast and colon cancers 
by initiating apoptosis in these cells (Basu et al.  2004a ,  b ). The degree of apoptosis 
was evaluated by the fl uorescence microscopic studies using PSS-380 dye binding 
to the phosphatidyl serine excluded on the outer leafl et from the inside of the cells 
(Ma et al.  2004 ). Various glycolipid: glycosyltransferases (GLTs) were modulated 
differently during induced apoptosis (Basu et al.  2004a ,  c ,  2012a ,  b ; Ma et al.  2004 , 
 2009 ; Ma  2008 ; Boyle  2005 ; Boyle et al.  2006 ). However, different agents could 
not use these parameters for biosimilar comparison because of the unknown mech-
anisms of gene regulations. Simple DNA laddering experiments after treatment 
with biosimilar drugs could be used for quick comparisons of these drugs. In addi-
tion to the above agents, the apoptotic killing-effect of at least three common disi-
alosylgangliosides (GD3, GD1a, and GD1b) was also compared (Ma et al.  2004 ; 
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Basu et al.  2004c ; Ma  2008 ) for biosimilar effect. On the other hand one of these 
biosimilar agents (cis-platin) inactivated both DNA polymerase-alpha and Helicase- III 
in breast carcinoma cells (Boyle  2005 ; Boyle et al.  2006 ). 

   Biosimilar Drugs in Cancer Chemotherapy 

 Biosimilar agents offer prospect of providing effi cient and safe treatment option for 
many diseases, including cancers (1). The treatment of many diseases, particularly 
cancer, has been highly impacted by the introduction of biologics (biological therapies) 
(1). These biologics are large molecular weight structurally complex proteins that are 
produced by complex manufacturing processes (2). The regulatory evaluations of 
biosimilar biologics in the clinical trial are sometimes confusing (3). While the goal 
of developments to demonstrate that the biosimilar product is highly similar to 
the reference biologic product, Biosimilars should not be considered as “generic” 
biologics (4) generic drugs are small chemical compounds that are identical to the 
patent-expired “reference” small-molecule drugs. On the other hand use of relatively 
small molecular weight apoptotic agents gives us opportunity to treat cancer patients 
by relatively simple compounds and almost similar biological regulation and gene 
control (Ma et al.  2011 ; Basu et al.  2012a ,  b ).  

   Lewis Antigen Epitopes on Cancer Cell Surfaces 

 Several  in vivo  studies suggested that tumor metastasis depends on the expression 
carbohydrate Lewis structures (Table  21.1 ). Lewis antigens and their derivatives 
such as LewisX (LeX), Sialyl LewisX (SA-LeX), Sialyl Lewis a (SA-Lea), Sialyl 
Leb (SA-Leb); Lewis Y (LeY), were identifi ed as tumor-associated antigens by 
Koprowski and associates (Fukushi et al.  1984a ) almost three decades ago. All these 
epitopes are expressed as glycosphingolipids (Fukushi et al.  1984a ,  b ) as well as 
glycoproteins (Ashizawa et al.  2003 ; Silva et al.  2011 ; Zhang et al.  2000 ,  2002 ; 
Matsumoto et al.  2002 ; Mitoma et al.  2003 ; Schuldes et al.  2003 ; Fuster et al.  2003 ; 
Kashiwagi et al.  2004 ; Kannagi  2004 ). Both LeX and SA-LeX are ligands for 

   Table 21.1    Structures of type-2 chain containing fuco-glycolipids   

 Name  Structures of Lewis antigen epitopes 

 nLcOse4Cer(nLc4) (Type-2 chain)  Galb1-4GlcNAcb1-3Galb1-4Glc-Cer 
 LeX (Type-2 chain)  Galb1-4(Fuca1-3)GlcNAcb1-3Galb1-4Glc-R 
 SA-LeX (Tyoe-2)  NeuAca2-3Galb1-4(Fuca1-3)GlcNAcb1-3Galb1-4Glc-R 
 SA-Lea(Type-1 chain)  NeuAca2-3Galb1-3(Fuca1-3)GlcNAcb1-3Galb1-4Glc-R 
 LeY (Type-2 chain)  Fuca1-2Galb1-4(Fuca1-3)GlcNAcb1-3Galb1-4Glc-R 

  Mono-, di-, and tri-fucosyl alpha1-3 type-2 structures are also present in human embryonic cells and 
cancer cells; R-ceramide or glycoproteins  
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E- and P-selectin binding, respectively. Both E- and P-selectins are vascular receptors 
and are expressed on endothelial cells and activated on endothelial cells.  L -lectins 
are expressed on leucocytes. Researchers have proposed that metastatic migration 
of cancer cells is almost similar to leucocytes migration using interaction between 
selectin receptor and ligand interaction (Fig.  21.1 ). Cancer cell surface Lewis anti-
gens are believed to be involved in the  in vivo  metastatic propagation in different 
organs. Polyfucosyl-Type-2 LeX and LeY families of glycolipids have been estab-
lished by Hakomori and his associates (Fukushi et al.  1984a ). Research on biosyn-
thesis (Basu and Basu  1972 ,  1973 ; Higashi et al.  1985 ; Basu et al.  1991 ,  1999 ,  2000 ; 
Holmes et al.  1985 ,  1986  and regulation (Ma et al.  2009 ,  2011 ; Basu et al.  2012a ,  b ; 
Radhakrishnan et al.  2007 ; Julien et al.  2007 ; Barthel et al.  2008 ; Li et al.  2010a ; 
Sugiarto et al.  2011 ; Chachadi et al.  2011 ; Shirue et al.  2011 ) of LeX, SA-LeX bio-
synthesis in cancer cells is the exploding fi eld at the present time.

       Induction of Apoptosis in Cancer Cells 

 Apoptosis is a naturally occurring process by which normal cells are directed to 
programmed death activating several signaling pathways by some inducer mole-
cules from outside. It is a distinctive mode of cell death (through self-destruction) 
with characteristic changes in morphologic features, which is regulating the size of 
animal tissues. In contrast, the process of necrosis in cancer cells is a progressive 

  Fig. 21.1    Hypothesis of adhesion of cancer-endothelial cells (Lewis antigen vs selectin binding)       
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disintegration of cells, which affects nearby viable cells to disintegrate. Viable cells 
discriminate apoptosis and necrosis targets via distinct cell surface receptors 
(Fig.  21.2 ) (Weedon et al.  1979 ; Kostrzewa  2000 ; Blagosklonny  2000 ; Patel et al. 
 2009 ). Unlike necrosis, apoptotic cell death is less damaging (Fig.  21.2 ) in the 
patients carrying highly metastatic breast carcinomas. Studies of induction (or ini-
tiation) and regulation of apoptotic cascades (Fig.  21.3 ) in breast and colon cancer 
cells are of prime interest in anticancer drug discovery. If we search this topic in the 
PubMed, we will obtain at least 11,000 reports regarding apoptosis in breast cancer 
cells. Induction of apoptosis can be classifi ed into four categories: (1) internal 
mitochondrial- caspase activation pathway (IMCAP), (2) external Bad-receptor 
activating pathway (EBRAP), (3) NFkappaB activation pathway (NFkBP), and (4) 
cascades of protein kinase activation Pathways (CPKAP). Using highly metastatic 
breast carcinoma cells (SKBR-3, MDA-468, and MCF-7) (Fig.  21.4a ), we have 
reported in recent years (Basu et al.  2004a ,  b ; Ma et al.  2004 ; Ma  2008 ; Boyle  2005 ; 
Boyle et al.  2006 ) apoptotic induction by  D -PPMP,  D -PDMP (inhibitors of GSL 
biosynthesis),  cis -platin (inhibitor of DNA biosynthesis), Betulinic acid (a triterpi-
noid used as an anticancer agent in China as an alternative medicine), Tamoxifen 
(a common anticancer agent used for the treatment of breast cancers today), GD3, 
GD1b, and Melphalan (a scrambler for Golgi bodies) in the range of 2–16 μM con-
centrations (Fig.  21.4b ) (Basu et al.  2004b ,  c ; Ma et al.  2004 ; Ma  2008 ; Boyle  2005 ; 
Boyle et al.  2006 ). Inhibition of cell growth (IC-50) was different with three differ-
ent metastatic breast cancer cell lines when tested with a single apoptotic agent 
( L -PPMP) for 24 h (Boyle  2005 ; Boyle et al.  2006 ). All these chemicals (Fig.  21.4b ) 
induce apoptosis by activating IMCAP (Fig.  21.3 ). On the other hand,  ci s-platin 
(used in the treatment of testicular cancers) induced apoptosis (Fig.  21.5a ) occurs in 

What are the Characteristic Events of Apoptosis?
1. Membrane Blebbing (Fig.2a & 2b).
2. Phosphatidylserine Flopping (inside to outside of plasma membrane ).
3. Apoptotic Bodies-Cytoplasmic Membrane Damage (Fragmentation of 
Mitochondria & Golgi bodies).
4. Activation of Caspases (-3, -8, -9).
5. DNA Fragmentation (DNA Laddering).
6. Inactivation of DNA Replication complex (Pol-a/Pol-d/Primase/Helicases).
7. Inactivation of Glycosyltransferases (both Glycolipids & Glycoproteins).

Apoptosis vs. Necrosis

a b

  Fig. 21.2    The characteristic events during apoptosis       
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those cell lines at much higher concentrations (50–150 mM) (Boyle  2005 ; Boyle 
et al.  2006 ) by EBRAP followed by activation of caspase-8 (Boyle et al.  2006 ). 
Several new chemicals have been tested in recent years for induction of the apop-
totic process by activating IMCAP (internal mitochondrial caspase activating path-
way), NF-kappaB (NFKBAP), EBRAP (external Bad-receptor activating pathway), 
or CPKAP pathway (Yuan et al.  2011 ; Leung et al.  2011 ; Ullah et al.  2011 ; Marchetti 
et al.  2011 ; Kim et al.  2010 ; Laezza et al.  2010 ; Wesierska et al.  2011a ; Chou et al. 
 2010 ; Zhang et al.  2010 ; Patil et al.  2010 ; Banerjee et al.  2010 ; Shirure et al. 2011; 
Cazet et al.  2010 ). In addition to fi ve different compounds (Fig.  21.5 ) we tried to 
induce apoptosis in three different breast carcinoma cells (SKBR-3, MDA- 468, and 
MCF-7) with at least six different brain gangliosides (GM3, GM2, GM1a, GDia, 
GD1b, and GD3). Only disialogangliosides containing NeuAc (alpha2,8)NeuAc 
(a2, 3)-linked di- or tetraglycosyl gangliosides (GD3 and GD1b) activated Casoase-3 
(Ma et al.  2004 ; Ma  2008 ).

          Induction of Apoptosis in Breast and Colon Carcinoma 
Cells by Simple Apoptotic Agents 

 Unlike necrosis, apoptotic cell death is less damaging (Fig.  21.2 ; Scanning electron 
microscopic pictures were obtained from internet display) in the patients carrying 
highly metastatic breast carcinomas. Characteristic events during apoptotic cell 
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  Fig. 21.3    Apoptosis signal pathways induced by anti-cancer agents       
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death could be monitored (Fig.  21.2 ) by: (1) membrane blebbing (by scanning 
electron microscopy); (2) fl opping out of phosphatidyl serine on the outer layer of 
the plasma membrane (by fl uorescent dye binding microscopy); (3) fragmentation 
of mitochondrial and other inner membranes; (4) activation of Caspases (-3, -6, -9 
etc.), by Westernblot gel analysis of activated products of Caspases (Caspase 
Cascades) (Fig.  21.3 ; Fig.  21.5a, b ); (5) DNA fragmentation (DNA laddering gel 

MCF-7, MDA-468, and SKBR-3a

b

Derived from pleural effusion of breast carcinoma

• HER2 (c-erbB-2/neu) protein

HER2 comes from a proto-oncogene encoding a transmembrane glycoprotein of 
185 kDa (p185(HER2)) with intrinsic tyrosine kinase activity. HER2 gives the cells 
different responsiveness to anti-cancer drugs versus HER2 negative breast 
cancers cells

• Estrogen receptor (ER) and progesterone receptor (PgR)

Cells ER PgR p53 Caspase-3

MCF-7 Normal + + Normal Mutant

MDA-468 Normal - - Mutant Normal

SKBR-3 High - - Mutant Normal

L-/D-PPMP

Tamoxifen

cis-Platin

Melphalan

Structures of Anti-Cancer Apoptotic Agents

Betulinic Acid

  Fig. 21.4    ( a ) Expression of different receptors on three different metastatic carcinoma cells (MCF-7, 
MDA-468, and SKBD-3) derived from pleural effusion of breast carcinomas. ( b ) Structures of 
anti-cancer apoptotic agents (Tested in Basu Laboratory)       
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analysis; (6) inactivation of DNA replication complex (containing DNA poly-
merase-alpha, -delta, primase, helicases and 30 other proteins); (7) Inactivation of 
Golgi bodies (containing Glycosyltransferases for glycolipids and glycoproteins 
biosyntheses (Fig.  21.8 ). 

 Studies of induction (or initiation) and regulation of apoptotic cascades in breast 
and colon cancer cells are of prime interest in the fi eld of anti-cancer drug research. 
If we search this topic in the Internet we would obtain at least 11,000 reports regard-
ing apoptosis in cancer cells. Induction of apoptosis could be classifi ed in four cat-
egories (Fig.  21.3 ): (1) Internal mitochondrial-caspase activation pathway (IMCAP); 
(2) external bad receptor activating pathway (EBRAP); (3) NFkappaB activation 
pathway (NFKBP; and (4) Cascades of protein kinase activation Pathways (CPKAP). 
Using highly metastatic breast carcinoma cells (Fig.  21.4a ) (SKBR-3, MDA-468, 
and MCF-7) (we have reported in recent years (Ma et al.  2004 ; Basu et al.  2004c , 
 2012a ;  2012b ; Ma  2008 ; Boyle  2005 ; Boyle et al.  2006 ; Ma et al.  2009 ,  2011 ). 
These cultured cells grown in T-fl asks or plastic petri dishes showed varied expression 
of ER (estrogen receptor), PgR (Progesterone receptor), p53 protein expression, 

0mM      2mM       8mM      16mM  

0mM         1mM        2mM         8mM  

MDA-468 with L-PPMP 48h  

pro-caspase-3 p32 

processed
caspase-3 p20/p17 

0mM     10mM    20mM   80mM  

MDA-468 with cis-Platin 48h

pro-caspase-3 p32 

a

b

processed
caspase-3 p20/p17 

Activation of Caspase-3 in Human Breast Cancer Cells

MCF-7 with L-PPMP 48h  

pro-caspase-9 p46 

processed
caspase-9 p37/p35 

Activation of Caspase-9 in Human Breast Cancer Cells

  Fig. 21.5    ( a ) Activation of 
Caspase-3 in apoptotic 
MDA-468 cancer cells 
treated with  cis -platin 
10–80 μM and  L -PPMP 
(2–16 μM) (Western Blot 
Examination). ( b ) Activation 
of Caspase-9 in MCF-7 
cancer cells treated with 
 L -PPMP (1–8 μM) 
(Westernblot Examination)       
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or Caspase-3 or, Caspase-8 cascade pathways. Using fi ve simple apoptotic inducers 
(Fig.  21.4b :  D -/ L -PPMP,  D -PDMP (inhibitors of GSL biosynthesis), Betulinic acid 
(a triterpinoid used as anti-cancer agent in China as an alternative medicine), 
Tamoxifen (a common anti-cancer agent used for the treatment of breast cancers 
today), and Melphalan (a scrambler for Golgi bodies) in the range of 2–16μM con-
centrations for  L -PPMP showed apoptosis cell death (Figs.  21.6  and  21.7a ). On the 
other hand,  cis -platin showed apoptotic killing at higher 20–160 μM concentrations 
(Fig.  21.6b ). These two chemicals induce apoptosis by activating IMCAP (Fig.  21.3 ). 
These chemicals activate both Caspases-3 (Fig.  21.5a ) and Caspase-9 (Fig.  21.5b ). 
On the other hand  cis -platin (used in the treatment of testicular cancers) induced-
apoptosis occurs in those cell lines at much higher concentrations (50–150 μM) by 
EBRAP followed by activation of Caspase-8 as we published before (Boyle et al. 
 2006 ). Several new chemicals have been tested in recent years for induction of the 
apoptotic process by activating IMCAP, NF-kappaB (NFKBAP) pathway, EBRAP 
or CPKAP.  

  Human MCF-7 breast cancer cells are resistant to pro-apoptotic stimuli due to 
Caspase-3 inactivation. These cell lines activate Caspase-9 only (Fig.  21.7c ) in the 
presence of  L -PPMP. Reconstitution of human MCF-7 breast cancer cells with 
Caspase-3 gene does not sensitize these cells to the inhibitory action of ROSC 
(roscovitine) and OLO (Olomoucine) (Wesierska et al.  2011b ). However, apoptotic 
mechanisms of MCF-7cells by  cis -platin or Betulinic acid are still unknown. 

APOPTOTIC AGENTS

i) L/D-PPMP
ii) D-PDMP
iii) GD3/GD1b
iv) cis-Platin
v) Betulinic Acid
vi) Mephalan
vii) Tamoxifen

APOPTOTIC
REAGENTS

Detection of Phosphatidylserine with PSS-380

((used in Basu Lab)

  Fig. 21.6    Detection of phosphatidyl serine on the outer leafl et of apoptotic cells with the New Dye 
PSS-380. (Schematic drawing)       
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Quercetin (a natural polyphenolic compound) induced apoptosis in many human 
cancer cells, including MCF-7 human breast cancer cells (Chou et al.  2010 ). 
The involvement of possible signaling pathways and the roles of quercetin in the 
apoptosis of other cancer cells remain undefi ned. The recent results (Chou et al.  2010 ) 
suggest that quercetin may induce apoptosis by direct activation of Caspase cascade 
through a noncannonical IMCAP bypassing the Caspase-3 activation process or 
without involving Caspase-canonical pathway.

      Betulin and Betulinic Acid as Apoptotic Agents 
in Cancer Cells  

 Several reports are available where Betulin [(lup-20)-ene-3beta28-diol], the natural 
occurring triterpene, triggers apoptosis (Basu et al.  2004b ; Ma  2008 ; Fulda et al. 
 1997 ; Li et al.  2010b ; Chaouki et al.  2010 ; Mullauer et al.  2011 ; Kessler et al.  2007 ) 
in human cancer cells through IMCAP (intrinsic mitochondrial Caspase activation 
pathways. The results showed Betulin signifi cantly inhibited cell viability in cervix 

   Table 21.2    Enzymatic levels of GSL: glycosyltransferases in breast cancer cells      
  

Enzyme(Substrate) SK-BR-3 MDA-468 MCF-7

GlcT(Ceramide) N.T. N.T. -

GalT-2(Glc-Cer) - N.T. N.T.

GalT-3(GM2) - N.T. N.T.

GalT-4(Lc3) +++ +++ +

GalT-5(nLc4) ++ + +

SAT-1 (Lc2) - - -

SAT-2 (GM3) - - +

SAT-3 (nLc4) + - -

SAT-4 (GM1) + + +

SAT-4’ (Gg4) ++ ++ ++

Enzymatic Level of GSL Glycosyltransferase in Breast Cancer Cells

“-” < 200 CPM / “+” 200 CPM - 1000 CPM / “++” 1000-5000 CPM / “+++” > 5000 CPM / “N.T.” Not 
tested.
1 CPM Count = 10-9 µmol nucleotide sugar incorporated per µg protein of cell lysate in 4 hours
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  Fig. 21.7    (a) Fluorescent Microscopic Examination (with PSS-380/ Rotaxane (AKS-0)) of 
Apoptotic SKBR-3 Cells after 6 h treatment with  L -PPMP (10 μM). ( b ) Fluorescent Microscopic 
Examination (with PSS-380/Rotaxane (AKS-0)) of Apoptotic SKBR-3 cells after 24 h treatment 
with  L -PPMP (10 μM)       
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carcinoma HeLa cells, hepatoma HepG2 cells, lung adenocarcinoma A549 cells, 
prostate carcinoma PC3, and lung carcinoma NCI-H460, with IC50 values ranging 
20–60 μg/mL It also showed a minor growth inhibitor in human erythroleukimic 
K562 cells (IC50 > 100 μg/mL). Activation of mitochondria and release of mito-
chondrial apoptogenic factors by Betulinic acid (BA), a melanoma-specifi c cyto-
toxic agent in neuroectodermal tumors such as neuroblastoma, medulloblastoma, 
and Ewing’s sarcoma was fi rst recognized by Fulda and his associates (Fulda et al. 
 1997 ). In recent years we have demonstrated that BA activates the apoptotic path-
way via IMCAP in human breast carcinoma cells: SKBR-3, MDA-468, and MCF-7 
also (Fukushi et al.  1984b ; Shirue et al.  2011 ; Weedon et al.  1979 ; Kostrzewa  2000 ). 
Whether these cells also regulate cell surface GSL biosynthesis is not known but is 
under investigation. Apoptotic cell death by membrane phosphatidylserine transloca-
tion was observed. However, exact mechanism of apoptosis induced by Betulinic acid 
is not understood as yet (Basu et al.  1979 ,  1982 ; Presper et al.  1978 ; Radin  1999 ).  

   Proteins and Peptides 

 Decorin (a protein core that directly modulates collagen fi brillogenesis and matrix 
assembly) is a member of the small leucine-rich proteoglycan gene family (Koulov 
et al.  2003 ), It down-regulates members of the ErbB-receptor, tyrosine kinase family 
and regulates their signaling pathway, leading to growth inhibition. The effect of 
Decorin on the overexpression of ErbB2 in mammary carcinoma cells suggests it is 
an effective therapeutic agent against tumor growth of breast cancer and its meta-
static spreading to other organs. Decorin inhibits MTLn3 cell proliferation, in a 
dose-dependent manner, as well as anchorage-independent cell growth and colony 
formation (Basu et al.  1971 ). Decorin also slows cell motility and stops cell invasion 
through a three-dimensional extracellular matrix formation. Anti-cancer activity of 
targeted proapoptotic peptides has also been reported (Arunkumar et al.  2006 ). 
An inhibitor of glycoprotein biosynthesis, Tunicamycin (an apoptotic agent) produce 
unfolded protein also inhibited in Nu/Nu mice microvasculature is suggested for 
human breast cancer treatment (Oskouian and Saba  2010 ). However, Survivin, is a 
small protein (142 amino acids; 16.5 kDa), belongs to the inhibitor of apoptosis.  

   Disialogangliosides 

 A short chain ganglioside, GD3 (Sialic-alpha2-8Sialic-alpha2-3Galactose-beta1-
4Glc-beta1-1ceramide) occurs in the central nervous system (CNS) as an intermediate 
in the long chain ganglioside biosynthesis (Fig.  21.8 ; (Basu et al.  2000 ; 
Radhakrishnan et al.  2007 ; Sugiarto et al.  2011 ; Chachadi et al.  2011 ; Basu et al. 
 1987 )). It also occurs in the optic nerve (Basu and Basu  1982 ; Kroes et al.  2006 ) 
and is a minor ganglioside in the normal tissue also (Kroes et al.  2011 ). It has 
been detected as a major GSL in meningiomas (Oskouian and Saba  2010 ), 
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gliomas (Flemming and Saltzman   2001 ), melanomas (Masserini et al.  2002 ), 
colorectal carcinomas (Pecheur E-I Hoekstra  2002 ), and breast cancer cells (Ghosh 
and Bell  2002 ). Increased GD3 concentration during neuronal differentiation and 
on growth rate of CHO-K1 cells has been reported recently (Basu and Basu  2002 ). 
GD3 also sensitizes human hepatoma cells to cancer therapy (Aziz and Qiu  2014 ). 
Chimeric anti- GD3 monoclonal antibody by KM871 is proved to enhance  in vitro  
antibody-dependent cellular cytotoxicity (Basu and Basu  2002 ) and to inhibit the 
proliferation of human malignant glioma cells  in vitro  (Ma  2008 ), GD3 has been 
recognized in recent years as an apoptotic agent in oligodendrocytes [97   ] and neu-
ronal cell apoptosis in culture [98]. The pathways for biosynthesis of GD3 (Fig.  21.4 ; 
(Radhakrishnan et al.  2007 ; Basu et al.  1987 )) and LD1a (Radhakrishnan et al. 
 2007 ) were established before in embryonic chicken brain cells. GD3 ganglioside as 
a proapoptotic agent has been established in recent years (   Fukushi et al.  1984a ,  b ; 
Mao et al.  1999 ; Shirue et al.  2011 ; Weedon et al.  1979 ; Kostrzewa  2000 ) [99, 100]. 
We have employed the disialosyl gangliosides (GD3 and GD1b) to induce apoptosis 
(Fukushi et al.  1984a ,  b ; Mao et al.  1999 ; Shirue et al.  2011 ; Weedon et al.  1979 ; 
Kostrzewa  2000 ) in human breast cancer cells, SKBR-3 grown in culture. Apoptosis 
induction was monitored by the concomitant appearance of activated Caspase-3 and 
by binding of PS-380 to the outer leafl et of phosphatidyl serine (Fig.  21.6 ; Shirue 
et al.  2011 ; Weedon et al.  1979 ; Kostrzewa  2000 ). These results indicated that, in 
addition to many unknown GSLs on the cancer cell surfaces disialosylgangliosides 
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(GD3 or GD1b) could be employed as a breast cancer killing therapeutic agent 
(Weedon et al.  1979 ; Kostrzewa  2000 ). Post-translational and transcriptional regu-
lation of GSL biosynthesizing genes during the induction of apoptosis by  L -PPMP 
in breast cancer cells has been published in recent years (Shirue et al.  2011 ; Weedon 
et al.  1979 ; Kostrzewa  2000 ). However, exact regulations of GLT-genes in disialo-
sylganglioside are not known [Ma et al. 2004, 2009; Ma 2008].

      Apoptotic Membrane Damages Monitored 
by Fluorescence Microscopic Studies 

   Fluorescence Staining of Apoptotic Carcinoma Cells 

 Previous publications from other laboratories used Annexin-V (phosphatidyl specifi c 
blood clotting protein) for staining fl opping of phosphatidyl serine (as a mark of 
apoptosis) on the outer leafl et of the apoptotic cells. However, this method had 
several drawbacks. This binding process needed a high concentration of added cal-
cium in the medium to alter the apoptotic processes; (ii) to have also the commercial 
source of pure Annexin-v is very costly. Instead of this method with the availability 
of cheaper PSS-380 dye-binding assay (synthesized by our colleague Prof. Bradely 
Smith) was used for our carcinoma cells apoptotic studies as given below.  

   PSS-380/Propidium Iodide (PropI) Staining 

 The breast carcinoma cells were cultured and synchronized on the Nunc Lab-Tek 
16-well Chamber Slide system at the starting concentration of 1 × 10 4  cells/200 μL 
per well. After synchronization and drug treatment, each well was washed once with 
200 μL TES buffer mixture (5 mM N-[Tris (hydroxymethyl) methyl]-2- 
aminoethanesulfonic acid, 140 mM NaCl, 2 mM MgCl 2 , 1 mM KCl). The cells were 
then incubated in 100 μL TES buffer containing 25 μM PSS-380 (Fig.  21.7a and b ) 
(the dye has been synthesized and patented by Professor Bradely smith of the 
University of Notre Dame) plus 0.25 μg/mL Propidium iodide at 37 °C for 5 min. 
The staining buffer was removed; the wells were washed with 200-μL TES buffer 
mixture once and soaked in 100 μL of fresh TES buffer mixture for fl uorescence 
observation (Figs.  21.7a and b ).  

   PSS-380/or AKS-0 Staining 

 The breast carcinoma cells were cultured and synchronized on the Nunc Lab-Tek 
8-well Chambered #1.0 Borosilicate Coverglass system at the starting concentration 
of 1 × 10 4  cells/200 μL per well. After synchronization and drug treatment, 10 μL of 
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1 mM AKS-0 stock (the complex dye which binds to both outer and inner organelle 
membrane; synthesized by Prof. Bradley Smith and his coworkers in our depart-
ment at the University of Notre Dame; Fig. 12a and b) in DMSO was added to the 
medium (~200 μL) and incubated at 37 °C for 30 min. Then each well was washed 
with 200 μL TES buffer mixture and stained with 25 μM PSS-380 as described 
above. The cells were washed with 200 μL TES buffer mixture once and soaked in 
100 μL of fresh TES buffer mixture for fl uorescence observation.  

   Image Capture and Processing 

 The fl uorescence was visualized under the Zeiss Axiovert S100TV confocal 
microscope with Chroma Cy3 (for Propidium iodide and/orAKS-0) and DAPI (for 
PSS- 380) fi lters. The 100x objective lens with mineral oil was used for cell observa-
tion. The gray-scale image, which represents the single wavelength through different 
fi lters, was acquired in 16-bit TIF format with MetaMorph software developed by 
Molecular Devices Co. (Sunnyvale, CA). The 16-bit TIF fi le was transferred to 8-bit 
with MetaMorph. For color processing, the tif fi le was transferred to RGB mode with 
Photoshop, and artifi cial colors of blue or red were added in Photoshop by removing 
signals in other channels (e.g. to add red color, blue and green channels were removed 
in the RGB mode fi le). The processed image was saved in GIF or JPG format for data 
presentation (Fig.  21.7a, b ). 

 Using these fl uorescent dyes induction of apoptosis in all these three-breast 
carcinoma (SKBR-3, MDA-468, MCF-7) and colon carcinoma (Colo-205) was 
tested and reported from our laboratory during last decade (Zajdel and Zajdel 
 2013 ; Basu et al.  2004a ,  b ,  c ,  2012a ,  b ; Ma et al.  2004 ,  2009 ,  2011 ; Ma  2008 ; 
Boyle  2005 ; Boyle et al.  2006 ). Studies with AKS-0 showed the time dependent 
damage of inner membranes of the apoptotic cells within 24 h of treatment (Ma  2008 ; 
Ma et al.  2011 ).   

   Biosynthesis of Lewis and Blood Group Active 
Glycosphingolipids in Carcinoma Cells 

 Breast cancer cells adhesion to vascular endothelium is a critical process (Fig.  21.1 ) 
in metastatic MDA-468 and BT-20 breast cancer cells (BCC) adhered to cytokine- 
activated human umbilical cord vein endothelial cells (HUVECVs). The same is not 
true for anti-E selectin monoclonal antibody-treated HUVECs: BT. It is suggested 
that BT-20 cells express sialosyl-LewisX (SA-LeX) and sialosyl Lewis A (SA-Lea), 
but MDA-MB-468 BCC has novel unidentifi ed E-selectin-binding epitopes (Nohara 
et al.  1998 ). Biosynthetic pathways (Fig.  21.8 ) for both SA-Lex and SA-Lea have 
been established in colon carcinoma cells by Basu et al. (Basu and Basu  1973 ; 
Higashi et al.  1985 ; Basu et al.  1991 ,  1999 ,  2000 ) and Hakomori and his associates 
(Holmes et al.  1985 ) by 1985–1991. 
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 The disialoganglioside GD3 (NeuAcalpha2, 8NeuAcalpha2, 3Galbeta1, 4Glc- 
Ceramide) is overexpressed in 50 % of invasive ductal breast carcinoma; and the 
SAT-2 (or ST8SIAT) (Fig.  21.8 ) displays higher expression among estrogen 
receptor- negative breast cancer tumors, associated with a decreased survival of BC 
patients. It was shown previously that overexpression of SAT-2 in MDA-MB-231 
acquires a proliferative phenotype in the absence of serum when grown in culture. 
Using two animal models (leghorn chicken and C57BL/6 mice) in human breast 
cancer cells increased NeuGcGM3 expression has also been reported. SAT-2 or GD3 
synthase Overexpression enhances proliferation and migration of MDA-MB-231 
breast cancer cells (Nohara et al.  1998 ). 

 Analysis of glycosphingolipid composition of MDA-MB-231 and MCF-7 human 
BCCs showed abundant presence of GM3, GM2, GM1, and GD1a in both the cell 
lines. The 18-fold increased amount of GM3 ganglioside suggests some role for this 
simple ganglioside in the growth regulation in MDA-MB-231 BCCs. However, inser-
tion of GM3 ganglioside into the plasma membrane of MCF-7 cells blocked the 
growth stimulatory effect of EGF. Biosynthesis of glycosphingolipids in all Ganglio 
(Gg)-, Globo-, and Lacto (Lc)-series pathways (Fig.  21.8 ) is catalyzed by at least 18 
different glycolipid glycosyltransferases (GLTs) expressed in normal embryonic tis-
sues (Basu et al.  1965 ,  1968 ,  1971 ,  1973 ; Kaufman et al.  1968 ), rat liver Golgi bodies 
(Keenan et al.  1974 ), tumor tissues (Kijimoto and Hakomori  1971 ; Basu et al.  1980 ; 
Jenis et al.  1982 ) and cancer cells (Yeung et al.  1974 ; Moskal et al.  1974 ; Basu et al. 
 1979 ; Presper et al.  1978 ) have been characterized in last three decades in our and 
Dr. Hakomori’s laboratories (Fig.  21.8 ) and have also been cloned in recent years by 
many laboratories around the world. GLTs involved in the syntheses of sialo-LeX in 
the non-apoptotic breast cancer cells have also been investigated in our laboratory 
(Fig.  21.8 ; (Basu et al.  2004a ; Basu et al.  2004b ; Ma et al.  2004 ; Basu et al.  2004c ; Ma 
 2008 ; Boyle  2005 ; Boyle et al.  2006 ; Ma et al.  2009 ; Ma et al.  2011 ; Basu et al.  2012a ; 
Basu et al.  2012b )) as well as in other laboratories. 

 Functions of glycosphingolipids on the eukaryotic cell plasma membrane during 
the onset of oncogenic processes and cell death are not well understood. Several 
inhibitors of glycosphingolipid biosynthesis were recently found to trigger apopto-
sis in many carcinoma cells including breast cancer SKBR-3, MCF-7, and MDA- 
468 cells through either intrinsic or extrinsic apoptotic pathways (Fig.  21.3 ) as we 
previously reported (Basu et al.  2004a ,  b ,  c ,  2012a ,  b ; Ma et al.  2004 ,  2009 ,  2011 ; 
Ma  2008 ; Boyle  2005 ; Boyle et al.  2006 ). These inhibitors ( L -/day-PPMP) of gluco-
sylceramide biosynthesis (Basu et al.  1982 ) could increase ceramide concentration 
() by blocking the functions of glycolipid glycosyltransferases (GLTs; Fig.  21.8 ). 
Using three novel fl uorescent dyes PSS-380 (Figs.  21.9 ) (Radin  1999 ) and ASK-0 
(Koulov et al.  2003 ) our recent studies revealed (Fig.  21.7a and b ) (Ma et al.  2011 ) 
the damage of cell organelle membranes during apoptosis by the inhibitor of gluco-
sylceramide biosynthesis ( L -PPMP). Inhibition of GalT-2 (Fig.  21.8 ) by  L - and 
 D -PDMP has also been reported. The drug- and cell-dependent regulation of MAPKs 
was also found by  cis -platin and  L -PPMP when inducing apoptosis in SKBR-3, 
MCF-7, and MDA-468 cells. A summary of our protein kinase studies with the apop-
totic BCCs is published (Basu et al.  2012b ). In the presence of  L -PPMP, both 
MDA-468, and MCF-7 cell lines all three pathways (ERK, JNK/SAPK and p38) 
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were activated whereas in SKBR-3 cell lines these pathways were inhibited. Further 
study is needed to implicate these pathways in the apoptotic breast cancer cells 
(MDA-468, MCF-7, and SKBR-3) induced by  L -PPMP and cis-platin.

  Fig. 21.9    ( a ) GSL: Alfa2, 8Sialyltransferase (SAT-2) activities in MCF-7 cells after treatment 
with cis-Platin (10–80 μM) and  L -PPMP (1–8 μM) for 48 h. ( b ) GSL: Alfa1, 4 Fucosyltransferase 
(FucT-3) activities in SKBE-3 cells after treatment with  L -PPMP (2–10 μM) for 48 h [12]       
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      Regulation of Lewis Glycosphingolipid (LeX, SA-LeX) 
Biosynthetic Genes in Normal Tissues 
and Apoptotic Breast Cancer Cells 

 Starting from ceramide, the four  in vitro  steps (Fi, 8) for biosynthesis of neolactote-
traosylceramide (nLcOse4-Cer) and globoside (GbOse4Cer) were established in 
embryonic chicken brains (Basu et al.  1991 ,  1999 ,  2000 ;  Chien et al.  1973 ), rabbit 
bone marrow tissues (Basu and Basu  1972 ,  1973 ), bovine spleen Golgi preparations 
(Basu et al.  1999 ,  2000 ), Neuroblastoma cells (Presper et al.  1978 ), Colo-205 cells, 
and breast carcinoma cells (Basu et al.  2004a ,  b ,  c ,  2012a ,  b ; Ma et al.  2004 ,  2009 , 
 2011 ; Ma  2008 ; Boyle  2005 ; Boyle et al.  2006 ) were established during the last 
three decades. Conversion of nLcOse4- Cer to Sialyl-nLcOse4-Cer (LM1) (Fig.  21.8 ) 
was established in embryonic chicken brains (Basu et al.  1991 ) as well as in bovine 
spleen (Basu et al.  1999 ,  2000 ), and its conversion  in vitro  to SA-LeX almost two 
decades ago. During process of normal growth and differentiation, the cell surface 
glycosphingolipids (GSLs) are proved to be regulated by the interaction of small 
molecules to the cell signaling systems. Using breast carcinoma lines (SKBR-3, 
MDA-468, and MCF-7), we at fi rst used external chemicals, which induce apopto-
sis, may regulate expression of macromolecules on the cell surfaces and may con-
trol directly at the gene level in the production of catalytic proteins such as 
glycosyltransferases which in turn regulate expression of cell surface GSLs. 

 The glycosyltransferases (GLTs) (Fig.  21.8 ; (Ma et al.  2011 ; Basu et al.  2012a ; 
Basu et al.  2012b )) catalyzing their synthesis have been characterized in Golgi- 
bodies (Keenan et al.  1974 ). Very little is known about gene-regulation of these 
GLTs either during embryonic development (Basu et al.  2012a ) or during metastatic 
processes (Table  21.3 ). We know the complete biosynthetic pathways of GSLs dur-
ing embryonic development or onset of oncogenic processes, but its regulation dur-
ing apoptosis is unknown. Inhibitors of GLTs ( L -PPMP and  D -PDMP) and DNA 
( cis -platin) trigger apoptosis in Colo-205, SKBR-3, MCF-7, and MDA-468 through 
either intrinsic or extrinsic apoptotic pathways. These inhibitors regulate GLT gene 
expression post-translationally (Table  21.3 ) as well as post-transcriptionally (Ma 
et al.  2011 ; Basu et al.  2012a ,  b ). Apoptotic effects initiate activation of Caspases 
(-3, -8, and -9). Using novel DNA-microarrays specifi cally designed for screening 
over 359 Glyco-related genes, transcriptional-regulation of several glycosyltrans-
ferases involved in the biosyntheses of Sialo-Le X  and Sialo-Le a  (cancer cell surface 
antigens) was observed with  L -PPMP. Down-regulation of GLT activities 
(Table  21.3 ) and up-regulation of some GLT mRNA (Tables  21.4  and 5) suggest a 
tight regulation of these enzymes by signal transduction pathways. A total of 359 
genes with four copies of unique sense 45 mer oligonucleotides were individually 
synthesized in the laboratory of Dr. Moskal at Northwestern University (Kroes et al. 
 2006 ,  2011 ). These DNA microarrays were prepared in his laboratory. Total RNA 
from MCF-7, MDA-468, and SKBR-3 cells treated with  L -PPMP 2 μM for 2 h 
(Table  21.4 ) and 24 h were reversely transcribed (Table  21.5 ) and used as the sub-
strate for RNA amplifi cation and labeling using the Ambion Amino Allyl Message 
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AMP/TM II aRNA amplifi cation kit. Each labeled sample with pooled reference 
human RNA was hybridized with the three arrays. The scanned arrays in acceptable 
quality were transferred to Blue Fuse format and quantifi ed with Gene Traffi c 
(DUO) v3.2-11 Comprehensive statistical analysis with data from Gene Traffi c was 
performed with SAM (Signifi cance Analysis of Microarrays) at 10 % false discovery 
(Kroes et al.  2011 ). The signifi cantly changed genes were listed in Table  21.4  
(Glycosyltransferase involved in SA-LeX biosynthesis) and Table  21.5  (Glyco- 
related nonrelated enzymes involved in carbohydrate metabolism). The values in 

       Table 21.4    Changes in GLT expression in apoptotic breast cancer cells (DNA 
microarray/2 μM  L -PPMP/2 h)   

 Cell line  GLT gene name  Linkage formed  Fold change 

 MCF-7  B3GALT5  Galβ1-3GlcNAc-R1  1.19–1.33 
 B3GNT3  GlcNAcβ1-3 Gal-R2  1.20 
 B3GNT1  GlcNAcβ1-3 Gal-R2  −1.19 

 MDA-468  UGCGL2  Glcβ1-1 Cer  1.28 
 B3GNT4  GlcNAcβ1-3 Gal-R2  1.34 
 B3GNT1  GlcNAcβ1-3 Gal-R2  −1.34 

 SKBR-3  B3GNT4  GlcNAcβ1-3 Gal-R2  1.35 
 ST6GAL1  NeuAcα2-6Galβ1-3GlcNAc-R3  −1.55 

  Core Blood Type: Galβ1-3/4GlcNAcβ1-3Galβ1-4-R1/R2 
 R1 = Glcβ1-1 Cer / R2 = OligoN-Protein (values more than one means-transcriptional 
stimulation; negative values means inhibition of transcription)  

     Table 21.3    Overall conclusion of post-translational activities of glycosphingolipid: GLTs   

 Overall conclusion of post-translational activities of glycosphingolipid : GLTs 
 (cell/agents-time) 

 GSL- GLT   Catalyzed reaction  Enzymatic activity 
 GalT-4  Lc3 (GlcNAc-Gal-Glc- Cer) 

→ Galβ-Lc3 
 Decrease 
 (MCF-7/ L -PPMP-2 h,6 h; SKBR-3/ cis P, 
 L -PPMP and MDA-468/ L -PPMP, 48 h) 

 GalT-5  Lc4) (Gal-GlcNAc-Gal-Glc-Cer) 
→ Galα-Lc4 

 Decrease 
 (SKBR-3/ L -PPMP-2 h,6 h; MCF-7,MDA-468/ L -
PPMP - 6  h; SKBR-3/ cis P and 
MDA-468/ L -PPMP-48 h) 

 SAT-2  GM3 → GD3  Decrease 
 (MCF-7/ cis P, L -PPMP-48 h) 

 SAT-4  GM1 → GD1a  Decrease 
 (MCF-7/ L -PPMP, SKBR-3/ cis P and 
MDA-468/ L -PPMP-48 h) 

 SAT-4’  Gg4 (Gal-GalNAc-Gal-Glc-Cer) 
→ GM1b 

 Decrease 
 (SKBR-3/ cis P and MDA-468/ L -PPMP-48 h) 

 FucT-3  LM1 → SA-Le X   Decrease 
 (SKBR-3/ L -PPMP-48 h) 
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the columns of “Fold Change” are the mRNA level of the gene in  L -PPMP-treated 
sample divided by the control cell sample without  L -PPMP treatment. For example, 
when the fold change is 1.55,  L -PPMP increased the gene expression by 55 % 
 compared to the control. When the value is 0.73, it means  L -PPMP decreases the 
expression by 27 %. With the given Gene short name the full name and function can 
be found at the Genbank database.

     In this study, the normalized data from the Gene Traffi c (DUO) were processed 
with the two classes, unpaired analysis on a minimum of 500 permutations. The 
comparison was between the data derived from control cells and 2 μM  L -PPMP- 
TREATED  cells. 

 A dose- and time-dependent down-regulation of GLTs was investigated by 
GLT enzymatic assays (Table  21.2 ) (Basu et al.  1987 ,  1991 ; Basu and Basu  1982 ) 
and DNA microarray analyses (Kroes et al.  2006 ). The GLTs are involved in biosyn-
thesis of Le X  (neolactosyl-ceramide series) such as GalT-4 (UDP-Gal: LcOse3cer 
beta- galactosyltransferase (Fig.  21.8 ) and LeA(UDP-Gal: LcOse3-Cer beta1,3 
Galactosyltransferase (Basu et al.  1987 ); SAT-3(CMP-NeuAc: nLcose4Cer alpha 
2,3 Sialyltransferase, SAT-3 (Fig.  21.8  (Basu et al.  1982 ); Fig.  21.8 , and FucT-3 
(GDP-Fucose: LM1 alpha1, 4fucosyltransferase) (Fig.  21.8 ) (Basu et al.  1987 , 
 1991 ,  1999 ,  2000 ; Presper et al.  1978 ). The reaction steps are clearer in the chart, 
Fig.  21.8  (Basu et al.  2012a ,  b ). A similar effect was observed with the GLTs 

    Table 21.5    Transcriptional regulation of glyco-related genes in breast carcinoma cells (2 h/24 h 
with  L -PPMP:2 μM)   

 Gene name 

 MCF-7  MCF-7 

 Symbol  Gene name  2 h  24 h 

 2 h  24 h 
 NM_000188  1.2  0.67  HK1  HEXOKINASE 1 
 NM_000194  1.19  0.6  HPRT1  HYPOXANTHINE 

PHOSPHORIBOSYLTRANSFERASE 
1 (LESCH-NYHAN SYNDROME) 

 NM_001069  1.45  0.38  TUBB2A  TUBULIN, BETA 2A 
 NM_002629  1.11  1.2  PGAM1  PHOSPHOGLYCERATE MUTASE 1 

(BRAIN) 
 NM_005573  1.4  0.46  LMNB1  LAMIN B1 
 NM_033170  1.19  1.16  B3GALT5  UDP-Gal:betaGlcNAc beta 

1,3-galactosyltransferase, polypeptide 
5 (B3GALT5), transcript variant 2 

 NM_170707  1.35  0.68  LMNA  LAMIN A/C 
 SKBR-3  SKBR-3 
 2 h  24 h 

 NM_152932  1.35  0.87  GLT8D1  GLYCOSYLTRANSFERASE 8 
DOMAIN CONTAINING 1 

 MDA-468  MDA-468 
 2 h  24 h 

 NM_006082  0.78  0.77  TUBA6  TUBULIN, ALPHA, UBIQUITOUS 
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involved in the biosyntheses of Gg-series gangliosides, such as SAT-4 (CMP- NeuAc: 
GgOse4Cer alpha2, 3sialyltransferase), and SAT-3 (CMP-NeuAc: nLcOse4-cer 
alpha2, 3sialyltransferase) published previously (Basu et al.  2012a ,  b ). The glyco-
related gene DNA-microarrays (containing more than 359 well selected different 
genes, also suggested (Tables  21.4  and 5) modulation of the transcriptional regula-
tion (many were stimulated-when vaues given in the tables are more than 1.0) 
of several GLTs involved in the biosynthesis of neolactosylceramide containing 
cell-surface antigens in these apoptotic breast carcinoma cells. In the early apoptotic 
stages (2–6 h after  L -PPMP treatment) in addition to the GlcT-1 gene, several genes 
(betaGalTs and betaGlcNAcTs) in the SA-Le a  pathway were stimulated (Tables  21.4  
and 5). Transcriptional regulation of different glyco-related and nonrelated genes 
during apoptosis of breast cancer cells have been reported (Oskouian and Saba 
 2010 ). Overexpression of ST6GalNacV, a ganglioside-specifi c alpha-2,6 sialyl-
transferase in glioma growth (Kroes et al.  2011 ) is also reported in recent years.  

   Novel Drug Delivery Systems for Cancer Treatments 

 These apoptotic agents could be employed as a new generation of anti-cancer drugs. 
Proper drug delivery system (Liposome Magic Bullet containing cis-platin) is 
discussed previously (Basu et al.  2012b ). 

 The tissues in human bodies contain 70–90 % water. Drug molecules (soluble or 
suspended fi ne nono-structure) can be introduced into the body of patients in a variety 
of ways: topical, intravenous injection, intravenous infusion, subcutaneous injection, 
submuscular injection, or by controlled release from any transplant. The effective-
ness of a drug therapy depends on the rate and extent to which drug molecules can 
move through structures to their targeted site of action in breast cancer tumors. Diffusion 
is the basic process by which migration of drug molecule occurs in the cells (normal or 
carcinoma). The rate of diffusion (i.e., a diffusion constant) depends on the structure of 
the diffusing molecules. An average diffusion coeffi cient of 10 −7  cm 2 /s is desirable for 
an effective therapeutic drug (Flemming and Saltzman   2001 ). 

 However, this diffusion process can be enhanced when a therapeutic drug is 
targeted by the aid of a special molecule present on the cancer cell surfaces. The search 
for better therapeutics (e.g., apoptotic agents) includes search for its proper strategies 
to cross the cancer cell surfaces without damaging normal cells by simple diffusion 
process. Modern anti-cancer therapeutic science is a developing fi eld. Properties of 
the lipid membranes are critically important in regulating the movement of the mol-
ecules between these aqueous spaces, from blood to the intracellular space of cancer 
cells. The relationship between liposome structure, stability, and penetration through 
plasma membranes is an area of active, ongoing study in our present research also. 
Much of the effort in drug design and drug delivery devoted to overcoming the 
membrane diffusional barriers of the cancer cells (Masserini et al.  2002 ; Pecheur 
E-I Hoekstra  2002 ; Ghosh and Bell  2002 ; Basu and Basu  2002 ) could be adopted 
as an effi cient drug delivery system. An ideal drug delivery system should have 
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two things: (1) The physicochemical properties of a drug must be well controlled 
during the delivery inside a cancer cell and, (2) the drug should be targeted to the 
specifi c cancer cells avoiding any normal cell. A tentative model of a targeted drug 
delivery system (Basu et al.  2012b ) is under study in our laboratory using advantage 
of the antigens of cancer cell surfaces.  

   Summary 

 Our present studies suggest induced apoptosis occur  in vitro  in highly metastatic 
breast carcinoma cells (SKBR-3, MDA-468, and MCF-3) and colon carcinoma cells 
(Colo-205) in the presence of biosimilar simple compounds ( L -/day-PPMP,  cis -platin, 
Betulinic acid, Tamoxifen, Melphalan, GD3 ganglioside, and GD1b ganglioside). 
Except for  cis -platin all other apoptotic agents (as mentioned above) activate 
through Caspase-3 and Caspase-9 pathways, perhaps follow the canonical “internal 
mitochondrial pathway (IMAP)” where as  cis -platin follows the “external activation 
pathway (EXAP)” through Caspase-8 activation or through some noncannonical 
pathway. All these activations at early stages (in fi rst 2 h) induce transcriptional 
regulation of a large number of Glyco genes whereas after 6 h they regulate genes 
differently, ultimately down-regulating all those glyco-genes tested for SA-LeX 
biosynthesis. An accurate correlation between availability of SA-LeX or LeY (Aziz 
and Qiu  2014 ) on the surfaces of carcinoma cells and their metastatic properties have 
not been established as yet and would be the goal for future research. Using avail-
ability of Lewis antigen on the tumor cell surfaces, proper-targeted drug delivery is 
under study in different laboratories and would be benefi cial for cancer patients.     
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