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Hepatitis C virus (HCV)

Model of HCV Cryo-EM Image*
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7 A thick slice of HCV
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* Blue Arrow: Capsid
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Cross-section model and electron microscope image of HCV

* Xuekui Yu et al. Cryo-electron microscopy and three-dimensional reconstructions of hepatitis
C virus particles. Virology 367. 126-134. 2007.



Global Hepatitis C Prevalence

No Data

Source: Lavanchy, D. Evolving epidemiology of hepatitis C virus. Clin Microbiol Infect. 2011; 17:107-115.

Genotype Type 1is most common in US
« Genotype Type 4 is most common in Egypt



HCV Prevalence & Deaths per Year

Prevalence 185 Million 3.9 Million 12 Million
17,000
Deaths/Year > 350, 000 (2012) 40,000

*University of Washington/Seattle STD/HIV Prevention Training Center. Hepatitis Web Study. 2013.
http://www.cdc.gov/hepatitis/Resources/Professionals/PDFs/ABCTable.pdf

** A systematic review of hepatitis C virus epidemiology in Asia, Australia and Egypt.
Sievert, William et al. Liver Int. 31. 61-80. 2011.

http://www.dailynewsegypt.com/2015/01/05/lawsuit-targets-army-officials-claiming-hiv-hepatitis-c-cure/



The Natural Progress of HCV Infection

Time (years)



Treatment for Hepatitis C Virus Infections

No protective vaccine available.

Interferon (Pegylated IFN)

— Pegylated IFN is used due to increased stability in vivo. Activates cellular antiviral
responses. ~50% of responders will relapse upon withdrawal of treatment.

Ribavirin
— Mechanism unknown, but may be direct inhibition of RDRP or alteration of

nucleotide pool needed for replication. The combination of interferon and ribavirin
Is more effective than interferon alone.

Sovaldi

— A nucleotide analog that is used with other drugs such as Riba for genotypes 2
and 3, and with pegylated IFN for genotypes 1 and 4. It inhibits RNA polymerase
that the hepatitis virus uses to replicate its RNA.



Toxicity of Treatment for HCV Infections

Pegylated IFN Ribavirin Sovaldi

* Injection site inflammation « Hemolytic anemia * Fatigue

* Fatigue o Cardiac disease « Headache

» Headache « Myocardial infarction < Birth defects
* Rigors * Birth defects

* Fever

* Nausea

» Myalgia
* Anxiety or emotional
lability/irritability

« Hematologic toxicity:
neutropenia/thrombocytopenia
» Ophthalmologic disorders

Warning
Toxic

http://www.hepatitisc.uw.edu/page/treatment/drugs/peginterferon-alfa-drug
http://www.hepatitisc.uw.edu/page/treatment/drugs/ribavirin-drug
http://www.hepatitisc.uw.edu/page/treatment/drugs/sofosbuvir-drug
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Cost of 12-Week Treatments for
HCV Infections

$94,000

100,000 -
— 80,000 -
v
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© $9,000-
40,000 - $10,000
0 . .
Sovaldi + IFN/Riba IFN + Riba

Due to the high-cost and severe side effects of current
HCV treatments, we are in great need of finding new agents
that are less expensive and less/non-toxic AND highly effective
In combating the Hepatitis C Virus







What is arabinoxylan (Biobran/MGN-3)?

*Biobran is a denatured hemicellulose, which is obtained by reacting rice bran hemicellulose
with multiple carbohydrate hydrolyzing enzymes from the Shiitake mushrooms.

*The main chemical structure of Biobran is an arabinoxylan with a xylose in its main chain
and an arabinose polymer in its side chain.

Crude Hemicellulose model in extract of rice bran

H H H Xylose
& \
Hot water extract Elimination of Mycelium
Arabinoxylan, the main component of water- Carbohydrase Complex
soluble dietary fiber
L “ 0 Glucuronic Acid Galactose
SN | - /-
. Treated with enzymes from
i : Shiitake mushrooms
Structure \ ! Ik Glucose
o . Arabinoxylane Model in Biobran
Biological modification a - ; Xylose
Structure
Bio Bran (Rice Bran Arabinoxylan Complex)
/w

Ghoneum M.. Biochem. Bioph. Res. Comm. 243, 25-29 (1998).



Biobran Exerts Anti-Viral Activity

1- Biobran/MGN-3 Inhibits HIV-1 Replication
(PBMC from healthy subjects infected with HIV)*

600 -
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Biobran (ug/ml)
*HIV-1 SF strain, HIV-1 p24 of 3000 pg/million cells.

Data represents the mean +/- standard deviation from three subjects.
Ghoneum, M. Biochemical and Biophysical Research Communication 243, 25-29 (1998)



2-Biobran/MGN-3 Inhibits Syncytia Formation

Healthy Subjects* AIDS Subjects
MGN-3 dosage

(ug/ml) No. of SF % Inhibition | | Small Medium Large

0 42 + 8 0 * N i

+

12.5 258 + 7 38.5 7

25 215+ 5 50 + + ¥

50 15.8 + 4 62.5 + ¥ -

100 10.5 + 3 75 | . N

Syncytia Formation (SF): During infection with HIV, viral fusion proteins used by the virus
to enter the cell are transported to the cell surface, where they can cause the host cell
membrane to fuse with neighboring cells.

* HIV-1 SF strain, HIV-1 p24 of 3000 pg/million cells. Data represents mean +/- s.d. from 5 subjects.
*Ghoneum, M. Biochemical and Biophysical Research Communication 243, 25-29 (1998).
Ghoneum M. Anti-HIV Activity by MGN-3 In vitro. X1 International Conference on AIDS. Vancouver July 7-12, 1996.



Purpose of the Current Study

* The ability of Biobran to exert anti-HIV activity
encouraged us to pursue the current study.

* The purpose of the current study is to examine
the anti-HCV effect of Biobran on viremia in

clinical trials of patients with positive chronic
HCV.



The study was approved by the
Institutional Review Board (IRB) at:

« Cairo University, Egypt
[IRB#: A-13-3012]

« Charles R Drew University (CDU),
Los Angeles CA, USA
[IRB #: 14-07-2431-01]}



Study Design
[Randomized Control Trial]

39 HCV Patients

17 Patients 22 Patients
(Biobran alone) (Control = IFN +
1 g/day oral Ribavirin)

\_'_I

3 Months Later

1 2
Viral Load Level Toxicity
(serum hepatitis C virus (HCV)-RNA) (questionnaire, MD observation,

determined by PCR and lab results)



RESULTS

1-Viral Load
2-Toxicity
3-Cost




1- Viral Load
Biobran effect on the level of the viral load

Biobran Group

2,500,000

* PCR levels before and
3 months after treatment
showed that:

* patients given Biobran £ 1,500,000
demonstrated significant t -
reduction in the viral 2 1,000,000

load relative to the
baseline value (p=0.023).
ED

T T
Baseline PCR before PCR after 3 months of
treatment treatment

Hypothesis Test Surmiiranrys

FHull Hypothe=si= T==t Sig. O=ci=icon
Faelated-
The median of difference=s bebweasfBamplas Feject the=
1 Baseline FCRFE and PCR 2 equals UWilco=on az= null
o, Signed FKank hwpoth ae=si=.
Te==t

Asymptotic significances are displayed., The significance level is O5.



1- Viral Load

Interferon plus Ribavirin effect on the level of the viral load
(Control group)

Control Group

* PCR levels before and
3 months after treatment -
showed that:

« patients given Interferon

plus Ribavirin (Control group)
demonstrated significant
reduction in the viral load - [
Relative to the baseline value
(p=0.001).

1,500,000+

Mean +-1 SE

T T
Baseline PCR before PCR after 3 months of

treatment treatment
Hypothesis Test Surmirmanry’
Hull Hypoth==i= T==t Sig. O=ci=ion
Felated-
The median of difference=s betweefiample=s Fej=ct the
1 Ba=eline PCRE and PCR 2 equal=s Wil o=aon OO0 | nuall
. Signed Rank hwpothe=i=.
Te=t

Aeymptotic significances are displayed., The significance level i= O5.



1- Viral Load

COMPARISON BETWEEN THE TWO GROUPS

Patients in both groups showed significant reduction in the viral load
relative to the baseline value.

Hypothesis Test Summany

HNull Hypothesis Te=t Sig. Decisian
The medians of Basesline FCR ardndependent- Retain the

1 the =ame across categaries of Samples 251 null
GROUF_NUMBER. Median Test hywpothesis.
The medians of PCR 2 are the Independeant- Retain the

2 =ame across categaries of Samples B35 null
FROUJF_NUMBER. Median Test hypothesis.

Asymptotic significances are displayed. The significance level iz .05,

* There iIs NO statistical difference between the median of
two groups in the baseline (p=0.851)

* There Is NO statistical difference between the median of

two groups in the PCR after 3 months of treatment
(p=0.836).




2- Toxicity
Evaluated by: Questionnaire, MD observation,
and lab results

Biobran group Control group
(IFN-y + Ribavirin)

* Noside effects  Fever
 Patients reported good * Anemia
health * Thrombocytopenia
* Drycough
* Headache
* Body ache

* Patients reported easily
fatigued



3- Cost of 12- Week Treatments
for HCV Infections

COST of 12-Week Treatment

$94.000
100,000 -
80,000 -
M Sovaldi + IFN/Riba
» 60,000 ® IFN + Riba
§ M Biobran
O 40,000 - $9.000-
10,000
20,000 - $ $300
G
O [ [ |
Sovaldi + IFN + Riba Biobran

IFN/Riba



Mechanisms Underlying
the Anti-HCV Activity of
Biobran



Biobran induces various immune cells to attack
viral infected cells

NK cells@

CD4+T cell§h




NK/CD8+T cell activity against target cells




Biobran increases granular content of NK & CD8+ T cells

BLT-esterase release (%)

1. NK Cells

Granzyme A

357 *p<0.01 *
30 -
25 -
20 -
15 -
10 -
5 4
0 | | .
Control Biobran
Biobran
Degranulated Regranulated
NK/CD8+ T Cell NK/CD8+ T Cell

2. CD8+T Cells

Granzyme B
*p<0.005 * *
30
(]
2 20 _
x
[72]
O
o
X 10
0

Bar graphs depict the percentage of CD8+ T cells expressing
granzyme B. Data represent the mean + S.E. of 5 experiments.

NK Study: Ghoneum, M. & Abedi, S. JPP 56: 1581-1588 (2004).
CDB8+ Study: Ghoneum M and Agrawal S. Int J Immunopathol
Pharmacol 27 (4): 523-530 (2014).



Biobran enhances human NK & CD8+ T cell activity

1- NK cell activity 2- CD8 + T Cell activity
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~————————— Time after treatment

NK Study: Ghoneum M, International Journal of Immunotherapy X1V(2) 89-99 (1998).
CD8+ T Cell Study: Ghoneum M and Agrawal S. Int J Immunopathol Pharmacol 27 (4): 523-530 (2014).



1. Biobran primed DC-induced IFN-y secretion by CD4+ cells
15000 1 » IFN-y
12000 - T

»
9000 - T

pgiml

The secretion of IFN-y in the supernatants was

| assessed using specific ELISA kits. The data are

6000 1 1 the mean + SD from 4 individual experiments;
*p<0.05, as compared to control DCs.

3000 4

o 1 . =
DC-T LPS MGN3 CD4aT

2. Biobran activated DCs secrete Type | IFN (IFN-o) and Type Il IFN (IL-29/1FN-)

IFN-a IFN-2.

30 - 300 A *

200 - %EE
.-'::-.
e
100 - 55%
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=
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pg/ml
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'

e e
u

DC MGN3 LPS

Biobran activates dendritic cells to induce a distinct profile of Type | and I11 IFNs cytokine secretion. Data represent
the mean = S.E. of 6 experiments. *(p<0.05) as compared to DCs alone.

Ghoneum M and Agrawal S. Int J Immunopathol Pharmacol 27 (4): 523-530 (2014).



THE UNIQUENESS
OF BIOBRAN

While several studies have shown that a single administration of BRMs can
significantly enhance NK cell activity, repeated administration of the same BRM
has resulted in depression of NK cell activity, an effect known as
hyporesponsiveness. The hyporesponsiveness of NK activity Is a serious problem
and Is an associated phenomenon with many BRMs. It is interesting to note that
MGN-3 was evaluated for 5 years and NK activity was maintained at a high level
throughout the continuation of treatment. This suggests that Biobran does not
have hyporesponsiveness.

Ghoneum, M. 6t Int. Cong. Anti-aging and Biomed. Technologies. Las Vegas, NV. 1998.



Action of Many BRMs on NK Activity Over Time

EXCELLENT
GOOD

Biobran
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Long Term (5 years) follow up of NK activity
(Data of 8 Breast Cancer Patients)
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CONCLUSION

1. Biobran is a novel therapeutic regimen that is safe
and effective in the treatment of chronic HCV

2. The mechanisms by which Biobran exerts its effect
may involve activation of human immune cells that
are known to exhibit antiviral activity.

3. Ongoing studies are designed to confirm the
conclusions in larger samples and to examine the
long-term effect of Biobran on the treatment and
the recurrence of HCV.
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