Study lIdentifies Ebola Virus’s Achilles’ Heel

May 26, 2015 — (BRONX, NY) — An international team including scientists from Albert
Einstein College of Medicine of Yeshiva University and the U.S. Army Medical Research
Institute of Infectious Diseases (USAMRIID) has identified the molecular “lock” that the deadly
Ebola virus must pick to gain entry to cells. The findings, made in mice, suggest that drugs
blocking entry to this lock could protect against Ebola infection. The study was published in
today’s edition of the online journal mBio.

The researchers found that the Ebola virus can’t infect cells unless it first attaches to a host
protein called Niemann-Pick C1 (NPC1) in membrane compartments called lysosomes deep
within cells. “Our study reveals NPC1 to be an Achilles’ heel for Ebola virus infection,” said co-
study leader Kartik Chandran, Ph.D., associate professor of microbiology and immunology and
the Harold and Muriel Block Faculty Scholar in Virology at Einstein. “Mice lacking both copies
of the NPC1 gene, and therefore devoid of the NPC1 protein, were completely resistant to
infection.”

The other co-study leaders are Steven Walkley, D.V.M., Ph.D., professor of Dominick P.
Purpura Department of Neuroscience, of pathology, and of the Saul R. Korey Department of
Neurology at Einstein, and John M. Dye, Ph.D., Branch Chief of Viral Immunology at the U.S.
Army Medical Research Institute of Infectious Diseases.

Ebola virus binds to the host cell's outer membrane, and a portion of host cell membrane then
surrounds the virus and pinches off, creating an endosome—a membrane-bound bubble inside
the cell. Endosomes carry their viral stowaways deep within the cell and eventually mature into
lysosomes—tiny enzyme-filled structures that digest and recycle cellular components.

The viruses captive in the lysosome manage to escape destruction by exploiting components of
the cell to gain entry to the cytoplasm, the substance between the cell membrane and the nucleus
where the virus can replicate. But the identities of many of these components have remained
unknown.

In an earlier study, the Einstein and USAMRIID researchers, together with colleagues at the
Netherlands Cancer Institute and Harvard Medical School, found evidence, in tissue culture, that
Ebola takes advantage of the NPCL1 protein to enter the cell's cytoplasm. NPC1 is embedded
within cell membranes, where it helps transport cholesterol within the cell. People lacking NPC1
due to genetic mutations develop a fatal neurodegenerative disorder called Niemann-Pick
disease, in which cells become clogged with cholesterol and eventually die.

The current animal study was aimed at confirming whether NPC1 is essential for Ebola
infectivity. The researchers challenged both “wild type” mice (which have two intact copies of
the NPC1 gene) and “knockout mice” (lacking both copies of the gene) with Ebola virus. “While
the wild type mice succumbed to the infection, the knockout mice were entirely free of virus
replication and completely protected against the disease,” said Dr. Walkley.


http://www.einstein.yu.edu/
http://www.einstein.yu.edu/
http://www.usamriid.army.mil/
http://www.usamriid.army.mil/
http://www.einstein.yu.edu/faculty/10768/kartik-chandran/
http://www.einstein.yu.edu/faculty/7668/steven-walkley/
http://www.einstein.yu.edu/news/releases/695/researchers-find-key-used-by-ebola-virus-to-unlock-cells-and-spread-deadly-infection/

Even though such a treatment in humans would also block the cholesterol transport pathway,
“We think patients would be able to tolerate the treatment, which would be needed for only a
short time,” said Dr. Andrew S. Herbert, PhD, senior research scientist in the Viral Immunology
Branch at USAMRIID, and co-first author of the study.

“Carrier” mice—those with just one working copy of NPC1 and therefore possessing half the
normal complement of NPC1 receptors—proved substantially but not totally resistant to Ebola
infection. “This would suggest that drugs that interfere with Ebola’s interaction with NPC1—
even if some Ebola viruses are able to enter cells—could probably still provide some benefit
from lethal infection,” said Dr. Dye.

“Ideally,” Dr. Chandran says, “future research in humans, based on these findings, will lead to
the development of antiviral drugs that can effectively target NPC1 and prevent infection not just
by Ebola, but also by other highly virulent filoviruses, which also require NPC1 as a receptor.”

About Ebola Virus:

Ebola virus is notorious for killing up to 90 percent of the people it infects. Ebola hemorrhagic
fever—the severe, usually fatal disease that Ebola virus causes in humans and in nonhuman
primates—first emerged in 1976 in villages along the Ebola River in the Sudan and the
Democratic Republic of the Congo, Africa. The 2014 Ebola epidemic was the largest in history,
affecting multiple countries in West Africa. Through May of this year, there have been nearly
27,000 total cases of the disease (including suspected, probable, and confirmed) and more than
11,000 deaths, according to the Centers for Disease Control and Prevention. There are no
approved treatments or vaccines for Ebola infection.

The study is titled “Niemann-Pick C1 is essential for Ebola virus replication and pathogenesis in
vivo.” The other contributors are: Cristin Davidson and Stephen Z. Braigen at Einstein;

Andrew S. Herbert, Ph.D., Russell Bakken, Nancy A. Twenhafel, D.V.M., and Ana I. Kuehne,
all at USAMRIID; Kathryn E. Gunn, Ph.D. at Mount St. Mary’s University, Emmittsburg, MD;
Sean P. Whelan, Ph.D., at Harvard Medical School, Boston, MA; and Thijn R. Brummelkamp,
Ph.D., at 5Netherlands Cancer Institute, Amsterdam, The Netherlands.

This research was supported by grants from NIH (A1101436 - KC), Defense Threat Reduction
Agency (CB3947 - JD), and Dana’s Angels Research Trust (SW).

The authors report no conflicts of interest.
ittt

About Albert Einstein College of Medicine

Albert Einstein College of Medicine of Yeshiva University is one of the nation’s premier centers
for research, medical education and clinical investigation. During the 2014-2015 academic year,
Einstein is home to 742 M.D. students, 212 Ph.D. students, 102 students in the combined
M.D./Ph.D. program, and 292 postdoctoral research fellows. The College of Medicine has more
than 2,000 full-time faculty members located on the main campus and at its clinical affiliates. In
2014, Einstein received $158 million in awards from the National Institutes of Health (NIH).
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This includes the funding of major research centers at Einstein in aging, intellectual development
disorders, diabetes, cancer, clinical and translational research, liver disease, and AIDS. Other
areas where the College of Medicine is concentrating its efforts include developmental brain
research, neuroscience, cardiac disease, and initiatives to reduce and eliminate ethnic and racial
health disparities. Its partnership with Montefiore Medical Center, the University Hospital and
academic medical center for Einstein, advances clinical and translational research to accelerate
the pace at which new discoveries become the treatments and therapies that benefit patients.
Through its extensive affiliation network involving Montefiore, Jacobi Medical Center—
Einstein’s founding hospital, and three other hospital systems in the Bronx, Brooklyn and on
Long Island, Einstein runs one of the largest residency and fellowship training programs in the
medical and dental professions in the United States. For more information, please visit
www.einstein.yu.edu, read our blog, follow us on Twitter, like us on Facebook, and view us on
YouTube.

About USAMRIID

USAMRIID's mission is to provide leading-edge medical capabilities to deter and defend against
current and emerging biological threat agents. The Institute plays a key role as the lead military
medical research laboratory for the Defense Threat Reduction Agency's Joint Science and
Technology Office for Chemical and Biological Defense. USAMRIID is a subordinate
laboratory of the U.S. Army Medical Research and Materiel Command. For more information,
visit www.usamriid.army.mil.
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