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USE OF CYANOBACTERIAL BIOMASS IN TREATING HEPATITIS B
VIRUS INFECTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application relates to and claims the benefit of U.S. Provisional
Application No. 62/587,488, filed November 17, 2017, the content of which is

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. FIELD OF THE INVENTION

[0003] The present disclosure, in general, relates to the field of treating
hepatitis B virus (HBV) infection. More particularly, the present disclosure
relates to the use of a cyanobacterial biomass in the treatment of HBV
infection.

[0004] 2. DESCRIPTION OF RELATED ART

[0005] HBVis a small, double-shelled virus in the family Hepadnaviridae. It
may cause both acute and chronic infections. The acute infection with HBV is
associated with acute viral hepatitis, an illness characterized by malaise,
nausea, vomiting, headache, fever, skin rashes, arthralgia, arthritis, myalgia
and/or dark urine, before the onset of jaundice. The illness may last for a few
weeks and gradually improves in most affected people, in which only about 1%
to 2% of acutely infected people develop into fulminant hepatic failure (ALF).
[0006] The proportion of patients having acute HBV infection and then
progressing to the chronic infection usually varies with age and immune status.
It has been reported that about 90% of infants who acquire HBV infection from
their mothers at birth or in infancy become chronically infected. Of children
who are infected by HBV between 1 year and 5 years of age, 30% to 50%
become chronically infected. By adulthood, the risk of acquiring chronic HBV
infection is approximately 5%, in which the immune-compromised or deficient
patients are more predisposed to develop the chronic HBV infection as
compared to the immune-competent adults. The chronic infection is

responsible for most HBV-related morbidity and mortality, including chronic
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hepatitis, cirrhosis, liver failure, and hepatocellular carcinoma.

[0007] The diagnosis of HBV infection is usually made on the basis of
serological tests for HBV antigen and antibodies. HBV contains numerous
antigenic components, including hepatitis B surface antigen (HBsAg), hepatitis
B core antigen (HBcAg), and hepatitis B e antigen (HBeAg), in which the
HBsAg, a protein associated with the replication and infectivity of HBV, is the
most commonly used marker for diagnosing HBV infection. In general,
HBsAg can be identified in the serum 30 to 60 days post-infection and persist
for variable periods. Antibody to HBsAg (anti-HBs or HBsAb) usually
develops during convalescence after HBV infection that neutralizes HBV
infectivity and clears the circulating HBsAg and the infectious HBV particles
from the peripheral blood. Persistence of HBsAg for more than 6 months in
duration indicates the development of either a chronic carrier state or chronic
HBV infection.

[0008] Currently, there are two major categories of anti-viral treatment that
have been approved for the treatment of chronic HBV infection in many
countries: the first one being interferon alpha (IFN-a) or pegylated IFN-a
(PEG-IFNa), while the second one includes various nucleoside or nucleotide
analogs (e.g., lamivudine, adefovir, entecavir telbivudine, and tenofovir).
However, these drugs merely stop or decrease the viral replication, none of
which are capable of clearing the infection. Accordingly, the majority of
patients suffering from chronic HBV infection require prolonged treatment to
continuously suppress the viral replication.

[0009] In view of the foregoing, there exists in the related art a need for a

novel drug useful in the treatment of chronic HBV infection.
SUMMARY

[0010] The following presents a simplified summary of the disclosure in
order to provide a basic understanding to the reader. This summary is not an
extensive overview of the disclosure and it does not identify key/critical
elements of the present invention or delineate the scope of the present
invention. Its sole purpose is to present some concepts disclosed herein in a

simplified form as a prelude to the more detailed description that is presented

2



WO 2019/099897 PCT/US2018/061613

later.

[0011] In one aspect, the present disclosure is directed to a method for
treating an infection caused by the Hepatitis B virus (HBV), in a subject in need
thereof. As embodied and broadly described herein, the present treatment
method is effective in treating HBV infection; including, chronic HBV infection.
Also, the present method is effective in lowering the surface antigen of
hepatitis B virus (HBsAg) detectable in the subject, and in some cases, results
in a seroclearance of HBsAg. Moreover, the present method is also effective
in preventing or delaying the onset of liver diseases (e.g., liver fibrosis,
cirrhosis or hepatic decompensation) associated with chronic HBV infection.
Further, the present method can effectively mitigate insomnia associated with
chronic HBV infection.

[0012] According to some embodiments of the present disclosure, the
method comprises the step of administering to the subject an effective amount
of a cyanobacterial biomass.

[0013] According to certain embodiments of the present disclosure, the
cyanobacterial biomass is derived from Arthrospira maxima.

[0014] In various embodiments, the subject is a mammal, including human.
[0015] In some embodiments, the subject suffers from chronic HBV infection.
In some other embodiments, the subject suffers from liver cirrhosis or hepatic
decompensation associated with chronic HBV infection. In still some other
embodiments, the subject suffers from insomnia associated with chronic HBV
infection. In some other embodiments, the subject suffers from liver fibrosis
associated with chronic HBV infection.

[0016] In optional embodiments, the effective amount is 1 to 1,000 mg/Kg
body weight per day; preferably, 20-200 mg/Kg body weight per day. Still
optionally, the effective amount is 1 to 20 grams per day. According to yet
another embodiment, the cyanobacterial biomass is administered orally.
[0017] According to some embodiments of the present disclosure, the
cyanobacterial biomass is administered daily for at least one month.
Optionally, the cyanobacterial biomass is administered daily for at least six
months.

[0018] In some optional embodiments, the method for treating the HBV
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infection further comprises the step of administering an effective amount of an
antiviral agent, such as an interferon alpha (IFN-a), pegylated IFN-q,
nucleoside analog, or nucleotide analog. lllustrative examples of nucleoside
or nucleotide analogs include, but are not limited to, acyclovir, famciclovir,
ganciclovir, valacyclovir, vidarabine, ribavirin, zoster-immune globulin (ZIG),
lamivudine, adefovir, dipivoxil, entecavir, telbivudine, clevudine, and tenofovir.
[0019] According to certain embodiments of the present disclosure, the
subject suffers from chronic HBV infection, and the cyanobacterial biomass is
administered for at least one month to reduce the level of the surface antigen
of hepatitis B virus (HBsAg) detectable in the subject.

[0020] According to some other embodiments of the present disclosure, the
subject suffers from insomnia associated with chronic HBV infection, and the
cyanobacterial biomass is administered for at least three months to mitigate
insomnia.

[0021] According to some other embodiments of the present disclosure, the
subject suffers from liver fibrosis associated with chronic HBV infection, and
the cyanobacterial biomass is administered for at least three months to
mitigate liver fibrosis.According to some other embodiments of the present
disclosure, the subject suffers from liver diseases (e.g., liver cirrhosis or
hepatic decompensation) associated with chronic HBV infection or is
predisposed to liver diseases due to chronic HBV infection, and the
cyanobacterial biomass is administered for at least one month to prevent or
delay the onset of liver diseases.

[0022] In still another aspect, the present disclosure is directed to a
pharmaceutical or nutraceutical composition for treating HBV infection,
including chronic HBV infection. Subject matters that are also included in
other aspects of the present disclosure include the use of a cyanobacterial
biomass in the manufacture of a medicament or nutraceutical composition for
use in the treatment of HBV infection, including chronic HBV infection.

[0023] The pharmaceutical or nutraceutical composition is also useful in
treating insomnia or liver d associated with chronic HBC infection. In some
embodiments, the administration of the present pharmaceutical or

nutraceutical composition effectively lowers the HBsAg level of the subject,
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and may even result in the seroclearance of HBsAg in some subjects.

[0024] According to some embodiments, the pharmaceutical or
nutraceutical composition comprises an effective amount of a cyanobacterial
biomass and a pharmaceutically or nutraceutically acceptable excipient.
[0025] According to certain embodiments of the present disclosure, the
cyanobacterial biomass is derived from Arthrospira maxima.

[0026] In some embodiments, the pharmaceutical or nutraceutical
composition is formulated into a preparation suitable for oral administration,
such as a tablet, caplet, capsule or a liquid dosage form (e.g., a dispersion or
suspension). According to some embodiments, the pharmaceutical or
nutraceutical composition is formulated as a tablet, and the pharmaceutically
or nutraceutically acceptable excipient is silicon dioxide or a sucrose ester of
fatty acid.

[0027] Many of the attendant features and advantages of the present
disclosure will become better understood with reference to the following
detailed description considered in connection with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The present description will be better understood from the following
detailed description read in light of the accompanying drawings, where:

[0029] Figure 1 is a line chart depicting the qHBsAg change of subjects
treated with specified treatments; and

[0030] Figure 2 is the data depicting the liver stiffness changes of subjects

treated with specified treatments.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The detailed description provided below in connection with the
appended drawings is intended as a description of the present examples and
is not intended to represent the only forms in which the present example may
be constructed or utilized. The description sets forth the functions of the
example and the sequence of steps for constructing and operating the

example. However, the same or equivalent functions and sequences may be
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accomplished by different examples.

[0032] For convenience, certain terms employed in the specification,
examples and appended claims are collected here. Unless otherwise defined
herein, scientific and technical terminologies employed in the present
disclosure shall have the meanings that are commonly understood and used
by one of ordinary skill in the art. Also, unless otherwise required by context,
it will be understood that singular terms shall include plural forms of the same
and plural terms shall include the singular. Specifically, as used herein and in
the claims, the singular forms “a” and “an” include the plural reference unless
the context clearly indicates otherwise. Also, as used herein and in the
claims, the terms “at least one” and “one or more” have the same meaning and
include one, two, three, or more.

[0033] Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible.
Any numerical value, however, inherently contains certain errors necessatily
resulting from the standard deviation found in the respective testing
measurements. Also, as used herein, the term “about” generally means
within 10%, 5%, 1%, or 0.5% of a given value or range. Alternatively, the
term “about” means within an acceptable standard error of the mean when
considered by one of ordinary skill in the art. Other than in the
operating/working examples, or unless otherwise expressly specified, all of the
numerical ranges, amounts, values, and percentages such as those for
quantities of materials, durations of times, temperatures, operating conditions,
ratios of amounts, and the likes thereof disclosed herein should be understood
as modified in all instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the present disclosure
and attached claims are approximations that can vary as desired. At the very
least, each numerical parameter should at least be construed in light of the
number of reported significant digits and by applying ordinary rounding
techniques. Ranges can be expressed herein as from one endpoint to
another endpoint or between two endpoints. All ranges disclosed herein are

inclusive of the endpoints, unless specified otherwise.
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[0034] The term “nucleoside analog” or “nucleoctide analog” as used herein
refers to a molecule, which is similar to a nucleoside or a nucleotide, and is
capable of performing at least some of the biochemical functions of the
nucleoside or the nucleotide.  Specifically, the term “nucleotide analog” refers
to a molecule that is structurally similar to a natural nucleotide and that can
function in a similar manner as the naturally occurring nucleotide (e.g., exhibits
similar ability to base pair with one of the naturally occurring bases). The
term “nucleoside analog” as used herein refers to a molecule that is
structurally similar to a natural nucleoside and that can function in a similar
manner as the naturally occurring nucleoside (e.g., exhibits similar ability to be
incorporated into DNA by DNA replication).

[0035] The terms “treatment” and “treating” as used herein may refer to a
preventative (e.g., prophylactic), curative or palliative measure. In particular,
the term “treating” as used herein refers o the application or administration of
the present cyanobacterial biomass or a pharmaceutical or nutraceutical
composition comprising the same to a subject, who has a medical condition
(that is, HBV infection or chronic HBYV infection), a symptom (e.g., insomnia,
fatigue, malaise, myalgia, arthralgia) associated with the medical condition, a
disease or disorder (e.qg., liver cirrhosis or hepatic decompensation) secondary
to the medical condition, or a predisposition toward the medical condition, with
the purpose to pattially or completely alleviate, ameliorate, relieve, delay onset
of, inhibit progression of, reduce severity of, and/or reduce incidence of one or
more symptoms or features of said patticular disease, disorder, and/or
condition. The treatment may be administered to a subject who does not
exhibit signs of a disease, disorder, and/or condition, and/or to a subject who
exhibits only early signs of a disease, disorder and/or condition, for the
purpose of decreasing the risk of developing pathology associated with the
disease, disorder and/or condition. In preferred embodiments, the present
cyanobacterial biomass can be used to ameliorate or prevent insomnia or liver
cirrhosis in vivo. Also, the administration of the present cyancbacterial
biomass results in a seroclearance of the HBsAg in the subject. Accordingly,
the present treatment method provides means for substantially eradicating the

infectious pathogens in the host organism such that the pathogen is
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not-detectable in the host organism.

[0036] The terms “subject” and “patient” are used interchangeably herein
and are intended to mean an animal including the human species that is
treatable by the present cyanobacterial biomass, pharmaceutical or
nutraceutical composition, and/or method of the present invention. The term
“subject” or “patient” intended to refer to both the male and female gender
unless one gender is specifically indicated.

[0037] The terms “application” and “administration” are used
interchangeably herein to mean the application of the present cyanobacterial
biomass or a pharmaceutical or nutraceutical composition of the present
invention to a subject in need of a treatment thereof. For example, the
subject may be someone having or suspected of having chronic HBV infection.
[0038] The term “effective amount” as used herein refers to the quantity of
the present cyanobacterial biomass that is sufficient to yield a desired
therapeutic response. For therapeutic purposes, the effective amount is also
one in which any toxic or detrimental effects of the component are outweighed
by the therapeutically beneficial effects. An effective amount of an agent is
not required to cure a disease or condition but will provide a treatment for a
disease or condition such that the onset of the disease or condition is delayed,
hindered or prevented, or the disease or condition symptoms are ameliorated.
The effective amount may be divided into one, two, or more doses in a suitable
form to be administered at one, two or more times throughout a designated
time period. The specific effective or sufficient amount will vary with such
factors as particular condition being treated, the physical condition of the
patient (e.g., the patient's body mass, age, or gender), the type of mammal or
animal being treated, the duration of the treatment, the nature of concurrent
therapy (if any), and the specific formulations employed and the structure of
the active component or its derivatives. The effective amount may be
expressed, for example, as the total mass of cyanobacterial biomass (e.g., in
grams, milligrams or micrograms) or a ratio of the mass of the cyancbacterial
biomass to the body mass, e.g., as milligrams per kilogram (mg/kg).
Alternatively, the effective amount can be expressed in the concentration of the

active component (e.g., the cyanobacterial biomass of the present disclosure),
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such as molar concentration, mass concentration, volume concentration,
molality, mole fraction, mass fraction and mixing ratio.

[0039] The phrase ‘“nutraceutically- or pharmaceutically-acceptable
excipient” as used herein means a material, composition or vehicle, such as a
liquid or solid filler, diluent, carrier, solvent or encapsulating material, involved
in carrying or transporting the subject agents from one organ, or portion of the
body, to another organ, or portion of the body. Each excipient must be
“acceptable” in the sense of being compatible with the other ingredients of the
formulation. The nutraceutical or pharmaceutical formulation contains the
cyanobacterial biomass of the invention in combination with one or more
nutraceutically- or pharmaceutically-acceptable ingredients. The excipient
can be in the form of a solid, semi-solid or liquid diluent, cream or a capsule.
These nutraceutical or pharmaceutical preparations are a further object of the
invention. Usually, the amount of the cyanobacterial biomass is between
0.1-95% by weight of the preparation, preferably between 0.2-20% by weight
in preparations for parenteral use and preferably between 1 and 50% by
weight in preparations for oral administration. For the clinical use of the
methods of the present invention, the nutraceutical or pharmaceutical
compasition of the invention is formulated into formulations suitable for the
intended route of administration, such as oral administration.

[0040] As used here the term “biomass” is meant biomass derived from a
culture containing A. maxima. This term includes the living and dead
organisms, as well as a ready-made, dried, frozen or otherwise previously
worked biomass.

[0041] Spontaneous HBsAg seroclearance is a rare event in the chronic
HBV infection. Prior researches indicate an annual incidence of spontaneous
HBsAg seroclearance ranges from about 0.1 to 2.5% in various countries.
Patients suffering from chronic HBY infection have to take antiviral
medications continuously to inhibit the replication of HBV virus within the
patient's body. At the early stage of the antiviral treatment, the antiviral
medications may effectively lower the HBsAg level detectable in the patients
(the level may vary from patient to patient depending on a wide variety of

factors); however, the HBsAg level would remain constant during the
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subsequent treatment and it is often very difficult to further lower the HBsAg
level in the patient with the currently available antiviral treatments after the
HBsAg level has reached the individual constant level.

[0042] The present disclosure is based, at least in part, on the discovery that
the present cyanobacterial biomass, upon oral administration for an extended
period (e.g., at least one month) together with an antiviral agent, is capable of
further lowering the HBsAg level in the subject, with the possibility of achieving
the seroclearance of HBsAg in patients suffering from chronic HBV infections.
By lowering the HBsAg level and even clearing the HBsAg in the sera of the
patient, it is possible to reduce the patient’s risk in developing liver cirrhosis,
hepatic decompensation, and/or hepatocellular carcinoma. In view of the
foregoing, the present disclosure proposes methods for treating HBV
infections, including the chronic HBV infection. Some embodiments of the
present disclosure are directed to methods for treating symptoms or disorders
associated with, secondary to, or caused by such HBV infection. Also
provided herein is the use of said cyanobacterial biomass for use in the
treatment of said HBV infection, as well as for use in the manufacture of a
medicament or nutraceutical preparation for said treatment purpose. The
medicament (i.e., a pharmaceutical composition) or the nutraceutical
preparation is, of course, a subject matter covered by the scope of the present
application.

[0043] In one aspect, the present disclosure is directed to a method for
treating an infection caused by HBV or a symptom or disorder associated with,
secondary to, or caused by said HBV infection, in a subject in need thereof.
[0044] Cyanobacteria are microscopic bacteria found in land and fresh,
brackish, or marine water. Cyanobacteria carry out oxygenic photosynthesis.
Because they are photosynthetic, aquatic cyanobacteria are commonly
referred to as blue-green algae. Currently, there are more than 2,000
described species under the cyanobacteria phylum. Cyanobacteria have been
identified as a rich source of biologically active compounds with antiviral,
antibacterial, antifungal and anticancer activities. lIsolated compounds from
cyanobacteria belong to groups of polyketides, amides, alkaloids, fatty acids,

indoles, and lipopeptides. Efforts are being made to identify active extract
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fractions or compounds with desired therapeutic effects.

[0045] Spirulina refers to the dietary supplement made from the dried
biomass of Arthrospira platensis and A. maxima. A. maxima (or Spirulina
maxima) are found in tropical or subtropical areas with salty and alkali water
bodies. For example, it is common in Lake Chad, Africa, and Lake Texcoco,
Mexico. These two species were once classified in the genus Spirulina.
Although according to the current taxonomy, the name Spirulina for these two
strains is inappropriate, and agreement exists that the genus Arthrospira
includes A. platensis and A. maxima, the outdated taxonomy is still used today,
and the dietary supplements made therefrom are most often referred to by
their popular name, spirulina. Spirulina has been used as a food source since
ancient Aztec times. Nonetheless, the present invention is the first to
discover its capability in further reducing the HBsAg level in subjects suffering
from chronic HBV infection, and apply this discovery into a practical use.
[0046] According to certain embodiments of the present disclosure, the
cyanobacterial biomass is derived from Arthrospira maxima. According to yet
another embodiment, the cyanobacterial biomass is administered orally.
According to some embodiments of the present disclosure, the cyanobacterial
biomass is provided as a dried powder; however, the present disclosure is not
limited thereto. Alternatively, the dried powdered may be further processed
into a tablet, caplet or capsule. Still alternatively, the cyanobacterial biomass
may be formulated into a liquid preparation, such as a dispersion or
suspension having an effective amount of the cyanobacterial biomass.

[0047] In various embodiments, the subject is a mammal, which may benefit
from the treatment method of the present disclosure. As used herein,
“‘mammal’ refers to all members of the class Mammalia, including humans;
primates (e.g., monkey and chimpanzee); domestic and farm animals, such as
dog, cat, rabbit, pig, sheep, goat, cow, horse, and cattle; as well as zoo, sports
or pet animals; and rodents, such as mouse, rat and guinea pig. In an
exemplary embodiment, the patient is a human.

[0048] In some embodiments, the subject suffers from chronic HBV infection.
A patient suffering from chronic HBV infection has a higher risk in developing

liver cirrhosis, and the administration of the cyanobacterial biomass to such
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patient may reduce the patient’s risk in developing the liver diseases (e.g., liver
cirrhosis or hepatic decompensation). In some other embodiments, the
subject suffers from liver cirrhosis associated with chronic HBV infection, and
the cyanobacterial biomass is administered for a period (e.g., at least one
month) sufficient to inhibit or delay the progression of the liver cirrhosis.

[0049] It has been reported that the patients having progressive liver
disease (e.g., liver cirrhosis and hepatic decompensation etc.) usually present
with disturbed sleep patterns (e.g., insomnia). In still some other
embodiments, the subject suffers from insomnia or disturbed sleep patterns
associated with chronic HBV infection, and the cyanobacterial biomass is
administered to mitigate insomnia and improve the sleeping quality of the
subject. In some embodiments, the cyanobacterial biomass is administered
to a patient suffering from chronic HBV infection to lower the patient’s risk in
developing hepatocellular carcinoma. In view of the foregoing, the present
method involving the administration of the cyanobacterial biomass to patients
suffering from HBV or chronic HBV infection can be used as a therapeutic
measure, preventive measure, or for nutraceutical purposes.

[0050] In optional embodiments, the effective amount of the cyanobacterial
biomass is about 1 to 1,000 mg/Kg body weight per day; preferably, about
20-200 mg/Kg body weight per day; more preferably, about 40 t0 120 mg/Kg
body weight per day. For example, the effective amount may be 1, 2, 3, 4, 5,
6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320,
330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470,
480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620,
630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770,
780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920,
930, 940, 950, 960, 970, 980, 990, or 1,000 mg/Kg body weight per day. Still

optionally, the effective amount is 1 to 20 grams per day, such as 1, 1.5, 2, 2.5,
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3,35,4,45,5,55,6,6.5,7,7.5,8,8.5,9,95, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 grams per day. According to some other embodiments, the
cyanobacterial biomass is administered once, twice, or three times a day.
[0051] According to some embodiments of the present disclosure, the
cyanobacterial biomass is administered daily for at least one month.
Optionally, the cyanobacterial biomass is administered daily for at least six
months. Still optionally, the cyanobacterial biomass is administered daily for
at least nine months or even over a year. According to certain embodiments
of the present disclosure, the cyanobacterial biomass is administered to the
subject daily for atleast 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24 or more months. As could be appreciated, since the
cyanobacterial biomass has long been used as the dietary supplement, the
safety regarding the long-term administration of cyanobacterial biomass has
been recognized. Therefore, the cyanobacterial biomass may be used for
therapeutic, preventive or nutraceutical purposes for a longer period without
raising substantial safety issues.

[0052] In some optional embodiments, the method for treating the HBV
infection further comprises the step of administering an effective amount of an
antiviral agent, such as an interferon alpha (IFN-a), pegylated IFN-q,
nucleoside analog, or nucleotide analog. lllustrative examples of nucleoside
or nucleotide analogs include, but are not limited to, acyclovir, famciclovir,
ganciclovir, valacyclovir, vidarabine, ribavirin, zoster-immune globulin (ZIG),
lamivudine, adefovir, dipivoxil, entecavir, telbivudine, clevudine, and tenofovir.
Alternatively, the anti-viral agent may be (1) a small interfering RNA (siRNA)
that interferes and/or inhibits the replication of HBV, (2) a molecular interfering
and/or inhibiting the entry of HBV into liver cells (e.g., myrcludex B), (3) a
molecular that interferes and/or inhibits the formation of viral capsid (e.g.,
morphothiadin (GLS4), NVR 3-778, JNJ56136379 and AB-423 etc.), or (4) a
molecule interfering and/or inhibiting the production or expression of viral
antigen (e.g., Rep 2139, Rep 2165, and R0O7020322 (RG7834) etc.). The
cyanobacterial biomass may be administered prior to, concurrent with, or after
the administration of the antiviral agent. Alternatively, the cyanobacterial

biomass and the antiviral may have different dosing regimen so that the two
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are taken at different time intervals during the course of treatment.

[0053] In still another aspect, the present disclosure is directed to a
pharmaceutical or nutraceutical composition for treating HBV or chronic HBV
infection.  According to various embodiments, the pharmaceutical or
nutraceutical composition is also useful in treating or preventing insomnia or
liver cirrhosis associated with chronic HBC infection. According to optional
embodiments, the pharmaceutical or nutraceutical composition may also be
used in reducing the patient’s risk in developing hepatocellular carcinoma. In
some embodiments, the co-administration of the present pharmaceutical or
nutraceutical composition with an antiviral agent effectively lowers the HBsAg
level of the subject, as compared with patients receiving only the antiviral
agent. The long-term administration of the present pharmaceutical or
nutraceutical composition is expected to result in the seroclearance of HBsAg
in some subjects.

[0054] According to some embodiments, the pharmaceutical or
nutraceutical composition comprises an effective amount of a cyanobacterial
biomass (e.g., died biomass from A. maxima) and a pharmaceutically or
nutraceutically acceptable excipient.

[0055] In some embodiments, the pharmaceutical or nutraceutical
composition is formulated into a preparation suitable for oral administration,
such as a solid dosage form (e.g., capsules, sachets, tablets, pills, lozenges,
powders or granules) and a liquid dosage form (e.g., a solution, suspension,
emulsion, microemulsion, or dispersion).

[0056] Any of the described solid dosage forms may optionally contain
coatings and shells, such as enteric coatings, and coatings for modifying the
release rate of any of the ingredients. Examples of such coatings are well
known in the art. In one example, the pharmaceutical compositions of this
disclosure are tablets such as quick-release tablets. In still another example,
the pharmaceutical compositions of this disclosure are formulated into
sustained release forms. In another example, the pharmaceutical
compositions of this disclosure are powders that are encapsulated in soft and
hard gelatin capsules.

[0057] Depending on desired purposes, the pharmaceutically or
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nutraceutically acceptable excipient of the present pharmaceutical composition
may be a water-soluble excipient or a water-insoluble excipient. Exemplary
water-soluble excipients include, but are not Ilimited to, mannitol,
lactose, sucrose, glucose, maltose, hydrogenated maltose, maltotetraose,
fructose, lactulose, lactitol, sorbitol, maltitol, erythritol, xylitol and a combination
thereof. Examples of water-insoluble excipients include, but are not limited to,
cellulose derivatives, microcrystalline cellulose, ethylcellulose, silicon dioxide,
crospovidone, sodium starch glycolate, croscarmellose sodium, methacrylate
polymers, corn starch, dibutyl phthalate, diethyl phthalate, dibutyl sebacate,
triacetin and a combination thereof.

[0058] The liquid formulation may further include a buffering agent to
maintain the desired pH. The liquid dosage formulations may also be filled
into soft gelatin capsules.

[0059] Preferably, the pharmaceutically or nutraceutically acceptable
excipient is incorporated in the composition in an amount of about 0.01% to
about 85% (e.g., 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2,
0.3,04,05,06,0.7,0.8,09,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41,42, 43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71,72, 73, 74,75,76,77,78, 79,
80, 81, 82, 83, 84 or 85%) by weight, preferably about 0.01% to about 50% by
weight, more preferably about 0.01% to about 10% by weight on the basis of
the total weight of the composition.

[0060] According to one specific example of the present disclosure, the
pharmaceutically or nutraceutically acceptable excipient is silicon dioxide or a
sucrose ester of fatty acid that is incorporated in the present pharmaceutical or
nutraceutical composition in an amount of about 0.01% to 10% by weight on
the basis of the total weight of the composition.

[0061] Compositions of the present invention can also comprise various
additives known to those skilled in the art. For example, solvents, including
relatively small amounts of alcohol, may be used to solubilize certain active
ingredients. Other optional pharmaceutically or nutraceutically acceptable

additives include opacifiers, antioxidants, fragrance, colorant, gelling agents,

15



WO 2019/099897 PCT/US2018/061613

thickening agents, stabilizers, surfactants, and the like. Other agents may
also be added, such as antimicrobial agents, to prevent spoilage upon storage,
i.e., to inhibit the growth of microbes such as yeasts and molds. Permeation
enhancers and/or irritation-mitigating additives may also be included in the
composition of the present invention. Other examples include solvents,
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g.,
antibacterial agents, antifungal agents), isotonic agents, absorption delaying
agents, stabilizers, gels, binders, excipients, disintegration agents, lubricants,
sweetening agents, flavoring agents, dyes, such like materials and
combinations thereof, as would be known to one of ordinary skill in the art.
[0062] The present composition comprising the present cyanobacterial
biomass may be formulated as dietary supplements, which may further
comprise one or more additional nutritional components, such as vitamins,
minerals, fiber, fatty acids, or amino acids. Alternatively, the dietary
supplements may comprise one or more edible carriers, which may confer one
or more of the benefits to the cyanobacterial biomass as described herein.
Examples of such edible carriers include starch, cyclodextrin, maltodextrin,
methylcellulose, carbomethoxy cellulose, xanthan gum, and aqueous solutions
thereof.

[0063] Yet another aspect of the present disclosure is direct to the use of the
cyanobacterial biomass in the manufacture of a medicament or nutraceutical
composition for use in the treatment of HBV infection or a symptom or disorder
associated with, secondary to, or caused by the HBV infection.  Still another
aspect of the present disclosure is direct to the use of the cyanobacterial
biomass in the treatment of the HBV infection or a symptom or disorder
associated with, secondary to, or caused by the HBV infection. ~Similarly, the
various cyanobacterial biomasses described above are also applicable in
these aspects.

[0064] The following Examples are provided to elucidate certain aspects of
the present invention and to aid those of skilled in the art in practicing this
invention. These Examples are in no way to be considered to limit the scope
of the invention in any manner. Without further elaboration, it is believed that

one skilled in the art can, based on the description herein, utilize the present
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invention to its fullest extent. All publications cited herein are hereby

incorporated by reference in their entirety.
EXAMPLE

[0065] Materials and Methods

[0066] Characterization of FEM102 strain

[0067] The chromosome DNA was extracted from the FEM102 strain.
After amplification by polymerase chain reaction (PCR), the sequence of the
16S-23S rDNA was analyzed by ABI 3730 DNA Analyzer using ABI BigDye
V3.1. The analysis result indicated that the 16S-23S ribosomal RNA (rRNA)
gene of FEM102 strain comprises the nucleotide sequence as set forth in SEQ
ID NO. 1. Sequence query using the nucleotide BLAST database provided
online by Nation Center for Biotechnology Information (NCBI) indicated that
this sequence is highly conserved among various Arthrospira spp., including A.
maxima (also known as Spirulina maxima), A. platensis (also known as S.
platensis), A. erdosensis, A. fusiformis, A. indica, and A. terebriformis.

[0068] Preparation of FEM102 tablet

[0069] The FEM102 dried powder was prepared as follows. First, the
FEM-102 strain (stock culture: 350 L; O.D. 0.2) was cultured in the medium as
listed in Tables 1-3 (350,000 L) at 25 to 32°C for 20 to 28 days. The biomass
was collected using a 50-pm filter and then washed with clean water 5 times so
as to reduce the salt content and other contaminants of the biomass. After
the filtration using the 50-um filter, the biomass was centrifuged to remove the
water content (<95% by weight), and the precipitate was spray dried.
Approximately 350,000 liters cultivation gave rise to about 120 to 180 kg of
FEM102 powder. As could be appreciated by persons having ordinary skill in
the art, the contents of the culture medium, as described herein, are provided
for illustration purposes only, and should not be construed as a limitation to the
scope of the present invention. Rather, persons having ordinary skill in the
art may adjust or modify the culture medium as they see fit.

[0070] The FEM102 powder was then mixed with silicon dioxide or the
sucrose ester of fatty acid, and pressed to form tablets (hereafter, the
“FEM102 tablets”), in which each FEM102 tablet (500 mg) comprised 495 mg
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of FEM-102 strain and 5 mg of silicon dioxide/sucrose ester of fatty acid.

Table 1. Ingredients of culture medium

Ingredients Amount for final 1L
NaHCO; 13.61g
NagCO3 4.03 6]
KoHPO4 0.5 g
NaNO; 25¢g
K2804 1 J
NaCl 19
MgSQO4.7H,0 029
CaCl;.2H,0 0.04 g
FeS0,.4H,0O 0.01g
A5 metal stock* 6 ml
Micronutrient solution** 1 ml

* The ingredients of A5 metal stock were summarized in Table 2.
** The ingredients of Micronutrient solution were summarized in Table

Table 2. Ingredients of A5 metal stock

Ingredients Amount for final 1L
Na,EDTA+<2H,0 0.75¢g
FeClz*6H,0 0.097 g
MnCl2*4H,0 0.041 g
ZnCl 0.005¢g
CoCly*6H,0 0.002 g
Na;MoQ4.2H,0 0.004 g

Table 3. Ingredients of micronutrient solution

Ingredients Amount for final 1 L
CuSQ04*5H,0 0.02g
ZnS04°7H0 0.044 g
CoCly*6H,0 0.002 g
MnCly*4H,0 0.012 g
NazMoO42H,0 0.012g¢g
HsBO; 0.62 g
NaEDTA-2H,0 0.05¢

Clinical Trial

A single-center, randomized, open-label clinical trial was designed to

determine if the co-administration of the cyanobacterial biomass and the
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antiviral agent could reduce the sera level of HBsAg detectable in patients
suffering from chronic HBV infection. The protocol of the clinical trial and the
consent form were approved by the Internal Review Board of Taipei Municipal
Wanfang Hospital.

[0073]

and females; patients with documented chronic hepatitis B and had been

Patient inclusion criteria include age between 20 to 75 years, males

taking any of the oral antiviral drugs of Entecavir, Telbivudine, and Tenofovir
for at least one year; and the HBV DNA level was less than 20 |U/mL.
Patients allergic to seafood were excluded from the trial.

[0074]

excluded and 43 were declined to participate.

A total of 350 patients were evaluated for eligibility; 247 were
Sixty (60) patients meeting the
inclusion and exclusion criteria and who have signed informed consent forms
will be randomized to receive antiviral agent (20, Control group), antiviral agent
plus 3 grams of FEM102 tablet (20, Low-dose group), or antiviral agent plus 6
grams of FEM102 tablet (20, High-dose group) on a daily basis for at least 6
months. The liver and kidney functions, levels of gHBsAg, HBeAg, B12, and
steatosis/fibrosis were investigated at the beginning and the 1%, 3, and 6"
month.

Rank-sum test was used for statistical analysis. The patient

demographics and baseline characteristics were listed in the Table 4.

Table 4. Patient demographics and baseline characteristics

Low-dose High-dose
Control
(= 20) (3g/d of FEM-102) | (6 g/d of FEM-102) | P value
n —
(n =20) (n=20)
Age (years) 49.5 +12.33 49.84 + 10.395 53.79+10.718 0.153
Male 15 (75%) 13 (65%) 15 (75%) 0.72
Female 5 (25%) 7 (35%) 5 (25%) '
ALT (IU/L) 38.39 + 54.504 32.26 + 26.066 30 £24.792 0.962
gHBsAg
1805 £ 3214.7 1084 + 1520.2 1008 £ 1439.5 0.677
(IU/mL)
Fibrosis (kPa) 7.83 + 3.949 8.185 + 5.931 8.22 + 3.193 0.416
Steatosis
261.8 £ 54.812 275.8 + 68.092 260.6 £ 57.962 0.681
(dB/m)
Positive HBeAg
") 7 (35%) 5 (25%) 2 (10%) 0.207
n
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[0075] As could be seen in Table 4, there were no significant differences
among the control, low-dose and high- dose groups regarding the age, sex,
ALT (alanine aminotransferase), level of quantitative HBsAg, HBeAg status,
and severity of fibrosis and steatosis at the beginning of the trial.

[0076] In particular, patients assigned to each group was treated with their
respective original antiviral agent at the recommended dosage: Entecavir (500
mg/tab; one tab per day), Telbivudine (600 mg/tab; one tab per day) or
Tenofovir (300 mg/tab; one tab per day). As to patients assigned to the
low-dose and high-dose groups, 6 FEM102 500 mg tablets and 12 FEM102
500 mg tablets were also administered three times a day. Specifically, the
patients in the low-dose group took two tablets before each meal, and the
patients in the high-dose group took four tablets before each meal.

[0077] During the trial, twelve patients in the control group discontinued the
intervention, and the low-dose and high-dose group each had four and eight
patients who discontinued the intervention.

[0078] Results: Biological effect of FEM102 tablet

[0079] One, three and six months after the first administration, the blood
samples of patients in each group were analyzed by enzyme-linked
immunosorbent assay (ELISA) to determine the levels of HBsAg. The
gHBsAg level changes (each patient’'s qHBsAg level measured at a given time
point minus the patient's gHBsAg level measured at the beginning of the trial)
for each group were summarized in Figure 1 and Table 5.

[0080] The data provided in Figure 1 and Table 5 indicated that the level of
gHBsAg changed in a dose-dependent manner in patients treated with
FEM102 tablets, as compared with those of the control group. A significant
difference was observed between the high-dose group and the control group at
month 1, 3, and 6.

Table 5. Effect of FEM102 tablet on HBsAg level

Group Month Mean gHBsAg change Standard deviation
Control 0 0 0
Low-dose 0 0 0
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High-dose 0 0 0
Control 1 56.56 121.52
Low-dose 1 4.31 59.60
High-dose 1 -32.00 53.74
Control 3 52.02 131.83
Low-dose 3 -26.56 33.71
High-dose 3 -30.38 53.23
Control 6 -16.68 121.63
Low-dose 6 -24.58 96.28
High-dose 6 -68.96 136.14

[0081] The liver stiffness in the patients was evaluated by Fibroscan®, a
non-invasive device for the assessment of fibrosis and steatosis, and results
are summarized in Figure 2 and Table 6. The Fibroscan value (FS) may
serve as an indicator of the severity of liver fibrosis. In general, an FS value
higher than 7.0 kPa indicates that the patient has a significant fibrosis; an FS
value higher than 9.1kPa indicates that the patient has a severe fibrosis; and
an FS value higher than 12.5 kPa indicates that the patient has a liver cirrhosis.
The data summarized in Table 6 indicated that the co-administration of the
antiviral agent (e.g., Entecavir, Telbivudine or Tenofovir) and FEM102 tablet (6
grams) significantly reduced the patients’ FS value, suggesting an
improvement of the patients’ liver condition. , in which liver fibrosis appeared
to be less severe (7.521 KPa (6 months) v.s. 9.242 KPa (Baseline), p = 0.005).

Table 6. Effect of FEM-102 tablet with antiviral agent for 6 months on liver

stiffness

Group Month Mean stiffness change Standard deviation

Control 0 0 0
Low-dose 0 0 0
High-dose 0 0 0

Control 3 -0.34 2.53
Low-dose 3 0.96 2.26
High-dose 3 -1.49 1.95

Control 6 -0.94 3.75
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Low-dose 6 -0.36 3.16
High-dose 6 -1.55 2.47

[0082] Taken together, the data above confirmed that the administration of a
cyanobacterial biomass (e.g., the FEM102 tablet derived from dried A. maxima)
may help clear the HBV particles and ameliorate liver fibrosis in patients
having chronic HBV infection. As HBV particles and liver fibrosis have been
regarded as factors causing disturbed sleep pattern or insomnia in these
patients, we further evaluated whether 'the FEM102 tablet could improve the
sleep quality of such patients.

[0083] The sleep quality was assessed and scored in accordance with
several sleep-related parameters, including the time taken to fall asleep,
duration of wakeups during sleep time, total sleeping time, and mental
performance during the day (such as memory, cognition, and attention
performance) etc. The score was inversely proportional to the sleep quality;
in other words, the poorer the sleep quality, the higher the score was assessed.
Results are summarized in Table 7.

[0084] The data of Table 7 indicated that the sleep quality of patients
co-treated with the antiviral agent and the FEM102 tablet was obviously better

than that of patients treated with the antiviral agent alone.

Table 7 Effect of FEM102 tablet on sleep state of patients

Group Value of sleep state
0 Month 3 Month
Control 3.63+242 3.88 + 3.63
Low-dose 3.19+3.60 2.61+£3.73
High-dose 3.54+3.23 2.45+3.00

the

[0085] In conclusion, the present disclosure provides a cyanobacterial
biomass (e.g., the biomass derived from A. maxima), a pharmaceutical
composition (such as, the FEM102 tablet) comprising the same, and the uses
thereof in the treatment of chronic HBV infection. Specifically, the present

cyanobacterial biomass is useful in reducing the HBV patrticles (as represented
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by the HBsAg level detectable in the serum of the patient) and improving the
condition of liver fibrosis as well as the sleep quality of patients with chronic
HBYV infection.

[0086] It will be understood that the above description of embodiments is
given by way of example only and that various modifications may be made by
those with ordinary skill in the art. The above specification, examples, and
data provide a complete description of the structure and use of exemplary
embodiments of the invention. Although various embodiments of the
invention have been described above with a certain degree of particularity, or
with reference to one or more individual embodiments, those with ordinary skill
in the art could make numerous alterations to the disclosed embodiments

without departing from the spirit or scope of this invention.
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WHAT IS CLAIMED IS:

1. Use of a cyanobacterial biomass in the manufacture of a medicament
for reducing the level of hepatitis B surface antigen (HBsAgQ) detectable in a
subject suffering from chronic HBV infection, wherein the cyanobacterial
biomass is derived from Arthrospira maxima FEM102 strain and is to be (1)
administered at a dosage of at least 2.97 grams daily and (2) co-administered
with an antiviral agent, and the medicament comprises a pharmaceutically

acceptable excipient.

2. The use according to claim 1, wherein the subject suffers from insomnia

associated with chronic HBV infection.

3. The use according to claim 1, wherein the subject suffers from liver

fibrosis associated with chronic HBV infection.

4. The use according to claim 1, wherein the cyanobacterial biomass is
formulated in a pharmaceutical composition, which comprises an effective

amount of the cyanobacterial biomass.

5. The use according to claim 4, wherein the pharmaceutical composition

is formulated into a solid dosage form.

6. The use according to claim 5, wherein the pharmaceutically acceptable

excipient is silicon dioxide or a sucrose ester of fatty acid.

7. The use according to claim 4, wherein the effective amount is 2.97

grams to 20 grams per day.

8. The use according to claim 1, wherein the cyanobacterial biomass is to

be administered daily for at least one month.

9. The use according to claim 1, wherein the cyanobacterial biomass is to

be administered orally.
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