International Journal of Basic and Applied Biology

Print ISSN: 2394-5820, Online ISSN: 2349-2539, Volume 2, Number 4; January-March, 2015, pp. 274-279

© Krishi Sanskriti Publications
http://www krishisanskriti.org/ijbab.html

Ebola Virus: To Ascertain Drug’s Aim and
Hitting the Target

Sonaksh Rustagi’, Shreya Majumdar? and Poonam Sharma®

L23Gargi College University of Delhi

Abstract—Ebola virus, one of the most deadly viruses known to
human has remained a mystery to the world scientists with no
specific diagnostic test in early infection stages and treatment.
Resulting in ebola hemorrhagic fever, it can easily spread through
direct contact. It was first recognized in 1976 and since then has
caused thousands of death and many more are being suspected. In a
recent breakthrough researchers were able to find certain drugs that
can stop its infection by binding to Niemann-Pick C1 (NPC1) that is
essential for the virus to enter cells. In this study, we attempt to
ascertain how a drug, targeted for NPC1 to stop ebola, may cause
disrupting effects on other biological processes of humans. Using
databases, 11 such non-target proteins were found with similar
structure- NPC1L1, PTCH1, PTCH2, PTCHD3, PTCHD4, SCAP,
PTCHD1, DISP1, HMGCR, PTCHD2 and DISP1. All these belong to
the patched family of proteins and have sterol-sensing domain in
common. NPC1L1 protein takes up free cholesterol into cells through
vesicular endocytosis and plays a critical role in the absorption of
intestinal cholesterol. Polymorphic variations in NPC1L1 gene are
associated with plasma total cholesterol and low-density lipoprotein
cholesterol (LDL-C) levels and coronary heart disease (CHD) risk.
PTCH1 and PTCH2 proteins function as tumor suppressor in
hedgehog signaling pathway. Thus, a drug inhibiting NPC1 can
affect other non-target proteins which will although prevent the
deadly ebola infection but can also accidentally disrupt important
biological processes and subsequently cause other diseases including
cancer coronary heart disease and intellectual disabilities like
autism.

1. INTRODUCTION

Recently, researchers made a breakthrough in the
understanding of the mechanism of infection of one of the
world’s most deadly human viruses, Ebola. Since its
recognition in 1976, many outbreaks of ebola have occurred
primarily in Africa. In August 2011, two different groups of
researchers reported that in order to enter our cells and infect
our bodies, the Ebola virus must bind to a protein called
Niemann-Pick C1 ("NPC1"). To understand the role of NPC1
protein a large number of cells were collected and different
genes were randomly disrupted in the different cells. These
mutated cells were exposed to the Ebola virus and then
checked for infection resistance. Analysis of resistant cells
revealed that in these cells NPC1 gene was mutated
confirming the key function of this gene in ebola infections
[1]. NPC1 is found along the membrane of endosomes, which

are small compartments in our cells that transport molecules
from the outside of the cell to the inside. Inside the cell,
molecules in endosomes are carried to lysosomes, which are
compartments that break down molecules and cell debris.

Fig. 1: A picture showing deadly Ebola virus.

Normally, NPC1 is important for transporting cholesterol in
cells, but the Ebola virus uses NPC1 to gain entry into the
endosomes and causes the endosomes to burst, releasing the
virus into the cell [2]. One of the research groups already
developed two anti-viral drugs that can block infection by
binding the NPC1 protein. To find these successful drugs, the
researchers first tested a large number of small molecules on
cells exposed to the Ebola virus to see if any of the small
molecules could prevent infection. One small molecule was
able to stop the infection and was labeled 3.0. The researchers
made 50 small molecules which were similar to the 3.0
molecule and found that one of these 50 small molecules that
was labeled 3.47 better at preventing Ebola infection than the
3.0 molecule. (3.0 is technically a benzylpiperazine
adamantine diamide molecule, and 3.47 is just like this
molecule but has a methoxycarbonyl benzyl group added to it)

[3].

While the researchers found that their drugs bind NPC1, and
that this can block Ebola infection, extensive pharmaceutical
testing still needs to be done before doctors can use these



Ebola Virus: To Ascertain Drug’s Aim and Hitting the Target

275

drugs to fight Ebola infection in people. For example, it needs
to be determined whether the drugs bind other proteins that are
similar to NPC1. Additionally, because researchers had the
goal to study how the drugs prevent infection, using only cells
grown in a lab, they did not find out how the drugs affect the
overall health and function of the cells. For example, the drugs
might interfere  with important signaling pathways
(biochemical pathways) or maybe the drugs affect the body of
an organism as a whole. In summary, currently researchers do
not know whether these will be good clinical drugs. In this
study, using bioinformatics tools we explore how Ebola virus
drugs could bind non-target proteins, and disrupt the normal
function of NPC1 and these non-target proteins, interfering
with the normal cellular and bodily functions.
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Fig. 2: Proposed Model for Entry of Ebola Virus into the
host cells

2. METHODOLOGY

NCBI Gene Database was used to learn about NPC1 gene
including its symbol, gene type, lineage and summary. Further,
the amino acid sequence of the NPC1 protein was retrieved.
Next, other human proteins with similar amino acid sequence
were identified. "Distance tree of results" was selected to
obtain a visual representation of how different proteins are
related based upon the sequences that they share. The two
most closely related non-target proteins were identified by
analyzing the Distance tree of results. Other genes related to
NPC1 were found using UCSC Gene Sorter. For better
understanding of the functions of NPC1 gene in humans,
Kyoto Encyclopaedia of Genes and Genomes (KEGG)
Pathway Database was used from which various signaling
pathways were obtained in which NPC1 and related proteins
are involved and studied. Moreover, Amazonia database was
used to identify the tissues and organs that will be most

disrupted by the drug targeting NPC1. The expression levels
of the non-target proteins that were found similar to NPC1 in
different human tissues and organs were also observed using
the Amazonia database.
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Fig. 3: NCP1L1 in intestinal and hepatic cholesterol transport.
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3. RESULTS AND DISCUSSION

Eleven proteins having similar structure as NPC1 were found -
NPC1L1, PTCH1, PTCH2, PTCHD3, PTCHD4, SCAP,
PTCHD1, DISP1, HMGCR, PTCHD2 and DISP1. All these
belong to the patched family of proteins and have sterol-
sensing domain in common.

NPC1L1

This gene encodes a multi-pass membrane protein. It contains
a conserved N-terminal Niemann-Pick C1 (NPC1) domain and
a putative sterol- sensing domain (SSD). The SSD domain of
this gene includes a YQRL motif that functions as a plasma
membrane to trans-Golgi network transport signal in other
proteins. The function of this protein is to take up free
cholesterol into cells through vesicular endocytosis and thus,
plays a critical role in the absorption of intestinal cholesterol.
It also has the ability to transport vitamin E. This protein is
targeted by the drug ezetimibe, which inhibits the absorption
of intestinal cholesterol and alpha-tocopherol or Vitamin E.
This protein may also play a critical role in regulating the lipid
metabolism. Variations in this gene have been associated with
plasma total cholesterol and low-density lipoprotein
cholesterol (LDL-C) levels and coronary heart disease (CHD)
risk [6, 7].

PTCH1

The protein encoded by this gene is a sonic hedgehog receptor
(sonic hedgehog is a secreted molecule implicated in the
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formation of embryonic structures and in tumorigenesis, as
well as the desert hedgehog and Indian hedgehog proteins) [8,
9, 10]. Its main function is as a tumor suppressor [11, 12].
Mutations of this gene have been associated with basal cell
nevus syndrome, trichoepitheliomas, and transitional cell
carcinomas of the bladder, esophageal squamous cell
carcinoma as well as holoprosencephaly 13, 14].

PTCH2

It encodes a transmembrane receptor of the patched gene
family [15, 16]. The protein encoded functions as a tumor
suppressor in the hedgehog signaling pathway. Polymorphic
variations in this gene have been associated with basal cell
carcinoma, nevoid basal cell carcinoma syndrome,
medulloblastoma, and  susceptibility to  congenital
macrostomia [17, 18].

PTCHD3 and PTCHD4

It may play a role in sperm development or sperm function. It
is expressed in germ cells of the testis [19].

PTCHD1

It encodes a membrane protein with a patched domain. The
encoded protein is similar to Drosophila proteins that act as
receptors for the morphogen sonic hedgehog. Deletions in this
gene (located on the X chromosome) are associated with
intellectual disability and autism [20, 21, 22].

SCAP

This encodes a protein having a single sterol sensing domain
(SSD) and seven WD domains. In the presence of cholesterol,
this protein binds to sterol regulatory element binding proteins
(SREBPs) and mediates their transport to the Golgi from the
ER [23]. The SREBPs are proteolytically cleaved and then
they regulate the sterol biosynthesis. Escort protein is required
for cholesterol and lipid homeostasis. This gene regulates
export of the SCAP/SREBF complex from the ER when the
cholesterol level is low [24]. At high sterol concentrations
there is the formation of a ternary complex with INSIG that
leads to an ER-export signal masking in SCAP and retention
of the complex in the ER. Low sterol concentrations result in a
conformational change in the SSC domain of SCAP by
triggering release of INSIG which unmasks the ER export
signal, recruitment into COPIl-coated vesicles occurs,
followed by transport to the Golgi complex, proteolytic
cleavage of SREBF in the Golgi, releasing of the transcription
factor fragment of SREBF from the membrane, factor import
into the nucleus and up-regulation of LDLR, INSIG1 and the
mevalonate pathway (By similarity).

PTCHD?2

This gene encodes a protein with hedgehog receptor activity
[25].

DISP1 and DISP2

The pattern of cellular proliferation and differentiation of
embryonic structures depends on the localized production of
secreted protein signals. Cells that surround the source of a
particular signal respond in a graded manner according to the
sufficient concentration of the signal, and this response
produces the pattern of cell types that constitute the mature
structure. A gene known as dispatched with a novel segment-
polarity has been identified in Drosophila and it has been
found that its protein product is required for normal Hedgehog
(Hh) signaling [26]. This gene is one of two human homologs
of Drosophila dispatched. The encoded protein may play an
essential role in Hh patterning activities in the early embryo
based on sequence identity to its mouse counterpart [27].

HMGCR

HMG-Coenzyme A reductase is the rate-limiting enzyme for
cholesterol synthesis. It is regulated by a negative feedback
mechanism which is mediated by sterols and non-sterol
metabolites that are derived from mevalonate, the product of
the reaction catalyzed by reductase. Normally in mammalian
cells HMG-Coenzyme A reductase is suppressed by
cholesterol, which is derived from the internalization and
degradation of low density lipoprotein (LDL) by the LDL
receptor. Competitive inhibitors of the reductase induce the
expression of LDL receptors in the liver, which increases
plasma LDL catabolism and lowers the plasma cholesterol
concentration, and are an important determinant of
atherosclerosis [28].

4. CONCLUSION

The work focuses on the potential non-target protein that a
drug targeted for ebola infection can bind and then disrupt
their normal functions. Pathway analysis of NPC1 in humans
shows that blocking NPC1 may affect glycerolipid metabolism
in small intestine epithelial cells. NPC1 binds to cholesterol in
the 3B-hydroxyl buried and isooctyl side chain exposed [29]. It
was found that 11 proteins have similar domain to that of
NPC1 which are NPC1L1, PTCH1, PTCH2, PTCHDS3,
PTCHD4, SCAP, PTCHD1, DISP1, HMGCR, PTCHD2 and
DISP1. All these proteins belong to the patched family and
have one sterol-sensing domain (SSD). Out of these 11
proteins, two of them, i.e. NPC1L1 and PTCH2 were found to
be most similar to NPC1. NPC1L1 is the molecular target of
ezetimibe, a potent cholesterol absorption inhibitor that is
widely wused in treating hypercholesterolemia. NPC1L1
deficiency or ezetimibe treatment also prevents diet-induced
hepatic steatosis and obesity in addition to reducing blood
cholesterol. Inhibition blocks the intestinal absorption and
promotes biliary excretion of free cholesterol (FC) and may
also dramatically decrease blood insulin concentrations.
PTCH2 is an encoded protein that may function as a tumor
suppressor in the hedgehog signaling pathway. Frameshift
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mutation in the PTCH2 gene can cause nevoid basal cell
carcinoma syndrome [30]. The major functions of these
involves: sonic hedgehog activity, cholesterol absorption, lipid
metabolism etc. Inhibition of their expression could result in

disruption of the normal biological processes adversely
affecting the body, for example, coronary heart disease in case
of NPC1L1, carcinoma in case of PTCH1 and atherosclerosis
in case of HMGCR etc.

Table 1: Non-target proteins with similar structure to NPC1

Protein Blastp E-Value Genome Position Description Highest gene expression level
Homo sapiens NPC1-like 1
NPC1L1 0 chr7 44,526,925 (NPC1L1), transcript variant 1,|Liver and small intestine
mRNA.
Homo sapiens patched 1
PTCH1 le-29 chr9 95,475,765 (PTCHLY), transcript variant 1b,|Endometrium followed by Colon
mRNA.
Homo sapiens patched 2 .
PTCH2 1e-26 chrl 44,832,605 (PTCH2), transcript variant 1,027 and Salivary Gland followed by
Testes and Dorsal root ganglia
mRNA.
Homo sapiens patched domain
PTCHD3 le-22 chr10 27,406,278 containing 3  (PTCHD3),
mRNA.
Homo sapiens patched domain
PTCHDA4 3e-21 chr6 47,973,358 containing 4  (PTCHDA4),
transcript variant 1, mRNA.
Homo sapiens patched domain
PTCHD1 3e-17 chrX 23,365,834 containing 1 (PTCHD?1),|Cerebellum and fundus of stomach
mRNA.
SCAP 0.00000000000001  |chr3 47,444,824 Homo sapiens SREBF
chaperone (SCAP), mRNA.
Homo sapiens patched domain|Oocytes, Monocytes, B cells and T
PTCHD2 0.000000002 chrl 11,508,410 containing 2  (PTCHD2),|cells. It is expressed mostly in all
mRNA. cells.
Homo  sapiens  dispatched
DISP1 0.0000003 chrl 222,910,542 homolog 1  (Drosophila)|Highly expressed in adrenal gland.
(DISP1), mRNA.
Homo sapiens  3-hydroxy-
methylglutaryl-CoA reductase
HMGCR 0.00006 chr5 75,349,634 (HMGCR), transcript variant 1, Oocytes
mRNA
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Thus, a drug inhibiting NPC1 can affect other non-target
proteins which will although prevent the deadly ebola
infection but can also accidentally disrupt important biological
processes and subsequently cause other diseases including
cancer coronary heart disease and intellectual disabilities like
autism.

5. ACKNOWLEDGEMENT

The work was supported by Gargi College, University of
Delhi and DBT STAR college grant.

REFERENCES

[1] Carette, Jan E., “Ebola virus entry requires the cholesterol
transporter Niemann—Pick C1”, Nature, 477, August 2011, pp.
340-343.

[21 Sullivan, N., Yang, Z., and Nabel, G., Ebola Virus Pathogenesis:
Implications for Vaccines and Therapies, Journal of Virology,
77, September, 2003, pp. 9733-9737.

[3]1 Cété, M., John Misasi, Ren Tao, Bruchez Anna, Lee Kyungae,
Filone Claire M., Hensley Lisa, Li Qi, Ory Daniel, Chandran
Kartik, Cunningham James. “Small molecule inhibitors reveal
Niemann-Pick C1 is essential for Ebola virus infection”, Nature,
2011, pp: 344-348.

[41 Hyock, Joo. Kwon., Lina Abi-Mosleh, Michael L. Wang,
Johann Deisenhofer, Joseph L. Goldstein, Michael S. Brown,
Rodney E. Infante, “Structure of N-terminal domain of NPC1
Reveals Distinct Subdomains for Binding and Transfer of
Cholestrol”, Cell, 137, June 2009, pp. 1213-24.

[5]1 Jia, L., Betters, J. L., Yu, L., “Niemann-pick C1-like 1
(NPC1L1) protein in intestinal and hepatic cholesterol
transport”, Annual Review of Physiology, 73, 2011, pp. 239-259.

[6] Altmann, S. W., Davis, H.R Jr., Zhu, L.J., Yao, X., Hoos, L.M.,
Tetzloff, G., lyer, S.P., Maguire, M., Golovko, A., Zeng, M.,
Wang, L., Murgolo, N and Grazian, M. P.,“Niemann-Pick C1
Like 1 protein is critical for intestinal cholesterol absorption”,
Science, 20, February, 2004, pp.1201-1204.

[71 Davies J. P., Scott C, Oishi K, Liapis, A and loannou, YA.,
“Inactivation of NPC1L1 causes multiple lipid transport defects
and protects against diet-induced hypercholesterolemia”, The
Journal of Biological Chemistry, 280, 2005, pp.12710-12720.

[81 Hwang S, Thangapandian. S and Lee K. W.“Molecular
dynamics simulations of sonic hedgehog-receptor and inhibitor
complexes and their applications for potential anticancer agent
discovery”, PLoS One, 8, July 2013.

[91 Kiuru, M., McDermott, G., Coit, D. C., Berger, M. F and
Busam, K.J., “Basal cell carcinosarcoma with PTCH1 mutations
in both epithelial and sarcomatoid primary tumor components
and in the sarcomatoid metastasis”, The American Journal of
Surgical Pathology, 24, January 2014, pp. 138-142

[10] Shimokawa, T., Svard, J., Heby-Henricson, K., Teglund, S.,
Toftgard, R and Zaphiropoulos, P. G.,“Distinct roles of first
exon variants of the tumor-suppressor Patchedl in Hedgehog
signalling”, Oncogene, 26, July 2007, pp. 4889-4896.

[11] Gailani, M. R., Stahle-Backdahl, M., Leffell, D. J., Glynn, M.,
Zaphiropoulos, P. G., Pressman, C., Unden, A.B., Dean, M.,
Brash, D.E., Bale, A. E and Toftgard, R., “The role of the
human homoloque of Drosophila patched in sporadic basal cell
carcinomas” Nature Genetics. 14, September 1996, pp. 78-81.

[12] Hahn, H., Wicking. C., Zaphiropoulous, P. G., Gailani, M. R.,
Shanley, S. ,Chidambaram, A., Vorechovsky, I., Holmberg, E.,
Unden, A. B., Gillies, S., Negus, K., Smyth, I., Pressman, C.,
Leffell, D. J., Gerrard, B., Goldstein, A. M,, Dean, M., Toftgard,
R., Chenevix-Trench, G., Wainwright, B and Bale, A. E.,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

"Mutations of the human homolog of Drosophila patched in the
nevoid basal cell carcinoma syndrome”, Cell, 14, June 1996, pp.
841-851

Johnson, R. L., Rothman, A. L., Xie, J., Goodrich, L. V, Bare, J.
W., Bonifas, J. M., Quinn, A. G., Myers, R. M., Cox, D. R,,
Epstein, E.H Jr and Scott, M. P., “Human homolog of patched, a
candidate gene for the basal cell nevus syndrome”, Science 14,
Junel1996, pp. 1668-1671.

Hahn, H., Christiansen. J., Wicking. C., Zaphiropoulos, P. G.,
Chidambaram, A., Gerrard, B., Vorechovsky, I., Bale, A. E.,
Toftgard, R., Dean, M and Wainwright, B., “A mammalian
patched homolog is expressed in target tissues of sonic
hedgehog and maps to a region associated with developmental
abnormalities”, The Journal of Biological Chemistry, 24, May
1996, pp. 12125-12128.

Rahnama, F., Toftgard, R and Zaphiropoulos, P. G., “Distinct
roles of PTCH2 splice variants in Hedgehog signalling, Journal
of Biological Chemistry, 2004, pp. 325-334

Villavicencio, E. H., Walterhouse, D. O and lannaccone, P. M.,
“The sonic hedgehog-patched-gli  pathway in  human
development and disease”. American Journal of Human
Genetics, 64, November 2000, pp.1047-1054.

Zaphiropoulos, P. G., Unden, A. B., Rahnama, F,
Hollingsworth, R. E and Toftgard, R., “PTCH2, a novel human
patched gene, undergoing alternative splicina and up-regulated
in basal cell carcinomas”. Cancer Research, 59, 1999, pp. 787-
792.

Smyth, 1., Narang, M. A., Evans, T., Heimann, C., Nakamura,
Y., Chenevix-Trench, G., Pietsch, T., Wicking, C and
Wainwright, B. J., “Isolation and characterization of human
patched 2 (PTCH2), a putative tumour suppressor gene in basal
cell carcinoma and medulloblastoma on chromosome 1p32”,
Human Molecular Genetics, 8, February 1999, pp. 291-297.

Fan, J., Akabane, H,, Zheng, X., Zhou, X., Zhang, L., Liu, Q.,
Zhang, Y. L., Yang, J and Zhu, G. Z., “Male germ cell-specific
expression of a novel Patched-domain Containina aene Ptchd3”,
Biochemical and Biophysical Research Communications, 23,
November 2007, pp. 57-76.

Filges, 1., Rothlisberger, B., Blattner, A., Boesch, N., Demougin,
P., Wenzel, F., Huber, A. R., Heinimann, K., Weber, P and
Miny, P., “Deletion in Xp22.11: PTCHDL1 is a candidate gene
for X-linked intellectual disability with or without autism”,
Clinical Genetics, 79, January 2011, pp. 79-85.

Noor, A. , Whibley, A., Marshall, C. R., Gianakopoulos, P. J.,
Piton, A., Carson, A. R., Orlic-Milacic, M., Lionel, A. C., Sato,
D., Pinto, D., Drmic, 1., Noakes, C., Senman, L., Zhang, X., Mo,
R., Gauthier, J., Crosbie, J., Pagnamenta, A. T., Munson, J.,
Estes, A. M., Fiebig, A., Franke, A., Schreiber, S., Stewart, A.
F., Roberts, R., McPherson, R., Guter, S.J., Cook, E. H Jr.,
Dawson, G., Schellenberg, G.D., Battaglia, A., Maestrini, E.,
Jeng, L., Hutchison, T., Rajcan-Separovic, E., Chudley, A. E.,
Lewis, S. M., Liu, X., Holden, J. J., Fernandez, B.,
Zwaigenbaum, L., Bryson, S. E., Roberts, W., Szatmari, P.,
Gallagher, L., Stratton, M. R., Gecz, J., Brady, A. F, Schwartz,
C. E., Schachar, R. J., Monaco, A. P., Rouleau, G. A., Hui, C.
C., Lucy, Raymond, F., Scherer, S. W and Vincent, J.B.,
CONSRTM Autism Genome Project Consortium,” Disruption at
the PTCHD1 Locus on Xp22.11 in Autism spectrum disorder
and intellectual disability”, Science Translational Medicine, 15
September 2010, pp. 49ra68.

Miles, J.H., McCathren, R.B., Stichter, J. and Shinawi, M.,
“Autism Spectrum Disorders” Pagon RA, Adam MP, Ardinger
HH, Bird TD, Dolan CR, Fong CT, Smith RJH, Stephens K,
editors. GeneReviews® [Internet]. Seattle (WA): University of
Washington, Seattle; 1993-2014.

International Journal of Basic and Applied Biology
Print ISSN: 2394-5820, Online ISSN: 2349-2539, VVolume 2, Number 4; January-March, 2015



Ebola Virus: To Ascertain Drug’s Aim and Hitting the Target

279

[23] Zhang, Y., Motamed, M., Seemann, J., Brown, M. S and
Goldstein, J. L.,” Point mutation in luminal loop 7 of Scap
protein blocks interaction with loop 1 and abolishes movement
to Golgi”, The Journal of Biological Chemistry, 17, May 2013,
pp. 14059-14067.

[24] Williams, K. J, Argus, J. P., Zhu, Y., Wilks, M.Q., Marbois, B.
N., York, A. G., Kidani, Y., Pourzia, A. L., Akhavan, D.,
Lisiero, D. N., Komisopoulou, E., Henkin, A. H., Soto, H.,
Chamberlain, B. T., Vergnes, L., Jung, M. E., Torres, J. Z., Liau,
L. M., Christofk, H.R., Prins, R. M., Mischel, P. S., Reue, K.,
Graeber, T. G and Bensinger, S. J., “An essential requirement
for the SCAP/SREBP sianaling axis to protect cancer cells from
lipotoxicity”, Cancer Research, 73, May 2013, pp. 2850-2862.

[25] Katoh, Y and Katoh, M., “Hedgehog signaling pathway and
gastric cancer”, Cancer Biology & Therapy, 4, October 2005,
pp. 1050-1054.

[26] Burke, R., Nellen, D., Bellotto, M., Hafen, E., Senti, K. A,,
Dickson, B. J and Basler, K., “Dispatched, a novel sterol-
sensing domain protein dedicated to the release of cholesterol-
modified hedgehog from signaling cells”, Cell, 99, December
1999, pp. 803-815.

[27] Ma, Y., Erkner, A, Gong, R., Yao, S., Taipale, J., Basler, K and
Beachy, P. A., “Hedgehog-mediated patterning of the
mammalian embryo requires transporter-like function of
dispatched”, Cell, 111, October 2002, pp. 63-75.

[28] Soto-Acosta, R., Mosso, C., Cervantes-Salazar, M., Puerta-
Guardo, H., Medina, F., Favari, L., Ludert, J. E., and Angel, R.
M., “The increase in cholesterol levels at early stages after
dengue virus infection correlates with an augment in LDL
particle uptake and HMG-CoA reductase activity”, Virology,
442, August 2013, pp. 132-147.

[29] Hyock, Joo., Kwon, Lina, Abi-Mosleh., Michael, L., Wang,2
Johann, Deisenhofer, Joseph, L., Goldstein, Michael, S., Brown,
and Rodney, E., “Structure of N-terminal Domain of NPC1
Reveals Distinct Subdomains for Binding and Transfer of
Cholesterol”, Cell, 137, June 2009, pp. 1213-1224.

[30] Fujii, K., Ohashi, H., Suzuki, M., Hatsuse, H., Shiohama, T.,
Uchikawa, H., Miyashita T., “Frameshift mutation in the
PTCH2 aene can cause nevoid basal cell carcinoma syndrome”,
Familial Cancer.12, December 2013, pp. 611-614

International Journal of Basic and Applied Biology
Print ISSN: 2394-5820, Online ISSN: 2349-2539, VVolume 2, Number 4; January-March, 2015



