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USE OF PEGYLATED RECOMBINANT HUMAN ARGINASE FOR TREATMENT OF LEUKEMIA

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application having Serial No. 61/425,243 filed on Dec. 21, 2010, which is hereby

incorporated by reference herein in its entirety.

FIELD OF INVENTION

[0002] This invention relates to method of treating leukemia with arginase. In particular,

the method relates to treatment of leukemia with pegylated recombinant human arginase.

BACKGROUND OF INVENTION

[0003] Haematologic malignancies, such as non-Hodgkin’s lymphoma and leukemia,
rank number 10 in the most common cancers worldwide. Acute lymphocytic leukemia is
one of the most common pediatric malignances and remains the leading cause of death
from a disease in children despite the high curing rates achieved with contemporary
regimens. In adults, hemic malignanices account for about 10% of all cancers.
Chemotherapy together with target therapy remains the mainstay of treatment. On relapse,
bone marrow transplantation offers the only means of cure. However, this modality of
treatment can only be offered to patients with suitable Human leukocyte antigen (HLA)
compatible donors. For the unfortunate patients with refractory leukemias and lymphomas

without suitable marrow donors, prognosis is grim.

[0004] The standard of care for leukemia and lymphoma is chemotherapy given
systemically and intrathecally in conjunction with various target therapies such as
rituximab, anti-CD30, Campath etc. Often, radiation is employed for cranial prophylaxis
and local therapy for lymphomas, in particular the Hodgkin’s lymphomas. In patients with
relapsed leukemia and lymphoma, infusion of HLLA compatible stem cells either from

related donors or unrelated donors following high-dose chemotherapy as in the case of
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bone marrow transplantation can be curative, but with high morbidity and a modest
treatment-related death. For those patients with refractory disease in absence of suitable
HILA donors, no standard treatment exists. Patients can be considered for clinical trials or
given palliation; in either case, prognosis is extremely poor. Therefore there is clearly a

need for a new and improved treatment method.

SUMMARY OF INVENTION

[0005] The present invention provides a method for treating leukemia in a patient. The
method involves the administration to the patient a therapeutically effective amount of a
composition comprising arginase, wherein said composition is effective at treating

lymphocytic and/or myeloid leukemia.

[0006] In an exemplary embodiment of the present invention, the lymphocytic leukemia

is acute. In another exemplary embodiment, the lymphocytic leukemia is chronic.

[0007] In another exemplary embodiment of the present invention, the lymphotic

leukemia is T-cell acute lymphocytic leukemia.

[0008] In an exemplary embodiment of the present invention, the myeloid leukemia is

acute. In another exemplary embodiment, the myeloid leukemia is chronic.

[0009] In yet another exemplary embodiment of the present invention, the myeloid

leukemia is arsenic resistant myeloid leukemia.

[0010] In another exemplary embodiment, the arginase is pegylated recombinant human
arginase. In a further embodiment, the pegylating agent is methoxy-polyethylene glycol

succinimidyl propionic acid (mPEG-SPA).

[0011] In a further aspect of the present invention, a method of treating arsenic resistant
leukemia is provided. In this method a therapeutically effective amount of a composition
comprising arginase is administrated to a patient, wherein the composition is effective at
treating arsenic resistant lymphocytic and/or arsenic resistant myeloid leukemia. In an

exemplary embodiment, the arginase is pegylated recombinant human arginase. In a
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further exemplary embodiment, the pegylating agent is methoxy-polyethylene glycol

succinimidyl propionic acid (mPEG-SPA).

[0012] The arginase of the present invention can be administrated in combination with a
second therapeutic agent. In an exemplary embodiment, the second therapeutic agent is

Doxorubicin.

[0013] In yet a further aspect, the arginase comprising composition of the present
invention is administrated intravenously, intraperitoneally, subcutaneously, or

intramuscularly.

BRIEF DESCRIPTION OF FIGURES

[0014] Fig. 1a and Fig. 1b show respectively the effect of arsenic trioxide (As;Os) and

BCT-100 on cell viability in various promyelocytic leukemia cell lines.

[0015] Fig. 2 shows the effect of BCT-100 and arsenic trioxide in inducing apoptosis in

various promyelocytic leukemia cell lines.

[0016] Fig. 3 shows BCT-100 induces apoptosis via inhibition of pmTOR and induction
of Stat3 and Bax.

[0017] Fig. 4a shows the induction of granulocytic differentiation in NB4 by BCT-100.
Fig. 4b shows the BCT-100 induced differentiation in NB4 and HL.60 cells. Fig 4c shows
the granulocytic morphology of BCT-100 treated NB4 cells.

[0018] Fig. 5a and Fig 5b show the reorganization of promyelocytic leukemia nuclear

bodies in HL60 cells after BCT-100 treatment

[0019] Fig. 6 shows the ICsy of BCT-100 in various cancer cell lines.

[0020] Fig. 7 shows the effect of BCT-100 on various leukemia cell lines when

administrated in combination with Doxorubicin.
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[0021] Fig. 8 shows the effect of BCT-100 on the liver, spleen and sternum cytology of
HL60-incoluated NOD/SCIDS mice.

[0022] Fig. 9 shows the enhanced survival rate of HL60-incoluated NOD/SCIDS mice
when treated with BCT-100.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] As used herein and in the claims, “comprising” means including the

following elements but not excluding others.

[0024] The present invention provides the use of arginase in treating leukemia. In certain
embodiments, pegylated recombinant human arginase is used for the treatment of various
types of leukemia. In a further embodiment, the pegylated recombinant human arginase is
BCT-100 and the preparation of pegylated recombinant human arginase and the steps for
pegylating the same are disclosed in, e.g., US 10/518,223, which is incorporated in its

entirety by reference.

[0025] Arginase is a manganese-containing enzyme, catalyzing the conversion of arginine
to ornithine and urea, the last step of the Urea Cycle. Pegylated recombinant human
arginase in our preclinical study showed efficacious in inducing arginine depletion in

dose-dependent manner.

[0026] The present invention also provides the use of arginase, for example, pegylated
recombinant human arginase such as BCT-100 in treating cancer in a patient who suffers
from refractory or relapsed leukemia or lymphoma. The term “refractory or relapsed
leukemia or lymphoma” refers to the condition of a patent suffering from leukemia or
lymphoma that the patient is unresponsive to all available drugs for treating leukemia or
lymphoma, or signs and symptoms return to the patients upon using all other available

drugs for treating leukemia or lymphoma.
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[0027] The present invention shows that arginase, for example, pegylated recombinant
human arginase such as BCT-100 is at least 6-10 times more effective in treating T-cell

leukemia and myeloid leukemia than treating hepatocellular carcinoma.

[0028] The arginase of the present invention is shown to be effective in treating various
types of leukemia, e.g., lymphocytic leukemia including but not limited to T-cell

leukemia; myeloid leukemia including but not limited to promyelocytic leukemia.

[0029] The arginase of the present invention can be administrated in combination with a
second therapeutic agent such as Doxorubicin. In various embodiments, enhanced
therapeutic effect was observed when BCT-100 was administrated in combination with

Doxorubicin.

[0030] The present invention also shows that arginase, for example, pegylated
recombinant human arginase such as BCT-100 is effective in treating both arsenic
sensitive and arsenic resistant leukemia. The effectiveness of BCT-100 in inducing
apoptosis in both arsenic sensitive and arsenic resistant leukemia is also demonstrated in

the present invention.

[0031] The present invention is further defined by the following examples, which are not
intended to limit the present invention. Reasonable variations, such as those understood
by reasonable artisans, can be made without departing from the scope of the present

invention.
[0032] Example 1
[0033] The Inhibitory Effect Of BCT-100 On Various Leukemia Cell Lines

[0034] The inhibitory effect of BCT-100 in acute myeloid leukemia cells (Kasumi-1a,
MIL.2, HL.60, K562 and NB4) and T-cell leukemia cells (Jurkat, ALL-SIL., HPB-ALL and
TALL-1) was studied. The ICsy values of BCT-100 in various cell lines are shown in
Table 1. The result indicates that BCT-100 is effective in inhibiting the growth of

leukemia, including myeloid leukemia and lymphocytic leukemic.
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Table 1 - ICsp of BCT-100 in various leukemia cell lines.

Mpyeloid Leukemia 1C50 (mU/mL) T-cell Leukemia 1C59 (mU/mL.)
Kasumi-1la 65 Jurkat 40

MIL2 65 All-SIL 120
HL60 55 HPB-ALL 110
K562 25 TALL-1 100

NB4 60

[0035] Example 2

[0036] Effect of BCT-100 On Arsenic Sensitive and Arsenic Resistant Myelocytic Cell

Lines

The effect of BCT-100 on arsenic sensitive myelocytic cell lines (NB4 and U937) as well
as arsenic resistant myelocytic cell lines (HL60 and UF1) was investigated. Fig. 1a shows
the effect of arsenic trioxide on cell viability in myelocytic leukemia cells. The cell
viability in the arsenic sensitive NB4 and U937 cell lines dropped as the concentration of

arsenic increased. However, HLL60 and UF1 cell lines did not respond to As,O; treatment.

[0037] Fig. 1b shows the effect of BCT-100 on cell viability in myelocytic leukemia cells
NB4, U937, HLL60 and UF1. Both the arsenic sensitive and resistant leukemia cells
responded to the BCT-100 treatment. In all cases the cell viability dropped with

increasing amount of BCT-100 in the medium.

[0038] The results showed BCT-100 is effective in inhibiting the growth of myelocytic
leukemia, including myelocytic leukemia that is resistant to arsenic. Therefore, the

arginase of the present invention is useful for treating arsenic resistant leukemia.
[0039] Example 3
[0040] Effect of BCT-100 In Inducing Apoptosis In Leukemia Cells

[0041] The effect of BCT-100 in inducing apoptosis in both arsenic sensitive (NB4 and

U937) and arsenic resistant (HL60 and UF1) leukemia cell lines was tested. As shown in
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Fig. 2, arsenic was effective in inducing apoptosis in leukemic cell lines NB4 and
U937.However, the apoptosis rate was low in HL60 and UF1 cells in the presence of
arsenic, as these cell lines are arsenic resistant. BCT-100 was found to be effective in
inducing apoptosis in both arsenic sensitive and arsenic resistant leukemia cell lines. The
apoptosis rate was further enhanced when BCT-100 is administrated in combination with

arsenic trioxide.

[0042] Example 4

[0043] Mechanism Of BCT-100 Induced Apoptosis

[0044] Expression of Bax and pmTOR was assessed in leukemic cell line HL.60 by
western blotting with or without BCT-100 treatment using monoclonal antibodies against
Bax and pmTOR respectively. The same blot was stripped and probed with anti-actin
antibody for loading control. Apoptosis was determined by annexin V labeling. HL60
cells were cultured in medium with or without BCT-100 and the expression of annexin V

were analyzed by flow-cytometry at 8, 16, 24, and 36 hrs after BCT-100 treatment.

[0045] As revealed by western blot analysis shown in Fig. 3, the Bax level was up-
regulated 8 hrs after BCT-100 treatment and remained high levels afterwards. The protein
level of pmTOR was down-regulated in response to BCT-100 treatment. These results
indicate that BCT-100 may induce apoptosis of leukemic cell line HL60 through signal
transduction pathway involving Bax/Bcl-2 or specifically due to inhibition of pmTOR

signaling.

[0046] Example 5

[0047] Induction Of Granulocytic Differentiation By BCT-100

[0048] The induction of granulocytic differentiation in NB4 and HL60 cells was studied.
Fig. 4a shows that BCT-100 induced granulocytic differentiation in NB4 cells. As
revealed by fluorescence-activated cell sorting analysis of CD11b expression shown in

Fig. 4b, BCT-100 induced granulocytic differentiation in NB4 and HL.60 cells within 96-
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hour treatment with BCT-100. Fig. 4c shows the granulocytic morphology of NB4 cells
which were treated with BCT-100. Specifically, decrease in nuclear to cytoplasmic ratio,
appearance of cytoplasmic granules, chromatin condensation and loss of nucleoli were

observed.
[0049] Example 6
[0050] Reorganization Of Promyelocytic Leukemia Nuclear Bodies

[0051] The reorganization of promyelocytic leukemia nuclear bodies in HL60 cells was
studied after treatment with BCT-100. Immunostaining with anti-promyelocytic leukemia
antibodies revealed a diffusely microspeckled pattern of promyelocytic leukemia in the
nuclei of control (DMSO treated) HLL60 cells as shown in Fig. Sa. In cells treated with
BCT-100, the microspeckled pattern disappeared and the size and brightness of the

promyelocytic leukemia bodies returned to normal.
[0052] Example 7
[0053] IC50 of BCT-100 In Various Cancer Cell Lines

[0054] The ICsy values of BCT-100 in various cancer cell lines were investigated. The
cancer cell lines being tested were T-cell acute lymphocytic leukemia, acute myeloid
leukemia, hepatocellular carcinoma and pancreatic cancer. The results in Fig. 6 showed
that BCT-100 is effective in treating T-cell acute lymphocytic leukemia, acute myeloid
leukemia, hepatocelluar carcinoma and pancreatic cancer. Further, BCT-100 was found to
be at least 6-10 times more potent in treating leukemia and pancreatic cancer than treating

hepatocellular carcinoma.
[0055] Example 8

[0056] Effect of BCT-100 On Various Leukemia Cell Lines When Administrated In

Combination With Doxorubicin
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[0057] The combination effect of BCT-100 with Doxorubicin on various leukemia cell
lines was studied. The leukemia cell lines tested were myeloid leukemia cell lines
Kasumi-1a, ML.2, HL.60, K562, NB4 and lymphocytic leukemia cell lines ALL-SIL. and
Jurkat. Referring to Figure 7, both BCT-100 and Doxorubicin were found to be effective
in treating leukemia, including myeloid and lymphocytic leukemia, when administrated
alone respectively. Enhanced therapeutic effect was observed when BCT-100 was
administrated in combination with Doxorubicin. The enhancement effect was highly
noticeable in all myeloid leukemia cell lines as well as ALL-SIL. The result showed BCT-
100 can be administrated with Doxorubicin for the treatment of leukemia, in particular

myeloid leukemia and/or lymphocytic leukemia.
[0058] Example 9

[0059] Effect Of BCT-100 On The Liver, Spleen And Sternum Cytology Of HL60-
Incoluated NOD/SCIDS Mice

[0060] HL60 cells were injected to the tail of NOD/SCIDS mice. Treatment commenced
on day 14. The animals were divided into 4 groups. The Doxorubicin group received
treatment by doxorubicin, which was administrated at 3mg/kg/day by intraperitoneal
injection 3 times weekly for the first week, thereafter once per week for 4 weeks. The
BCT-100 group received treatment by BCT-100, which was administrated at S0U/mice by
intraperitoneal injection weekly for 4 weeks. The combinational group received treatment
of both Doxorubicin and BCT-100, administrated as described above. The control group
received intraperitoneal injection of saline. Figure 8 shows the liver, spleen and sternum
cytology of the 4 groups of mice after treatment. In the control group, infiltration of
leukemia in liver, spleen and sternum was observed. Modest infiltration was observed in
the Doxorubicin and BCT-100 group in the liver, spleen and sternum. In the
combinational group, note regression of blast from liver and near-normal morphology of

sternum was observed.
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[0061] The result shows that BCT-100 is effective in clearing leukemic blasts in the
sternal bone marrow, spleen and liver. BCT-100 can also be administrated in combination

with Doxorubicin to enhance the therapeutic effect.
[0062] Example 10

[0063] Enhanced Survival Rate of HL60-incoluated NOD/SCIDS Mice When Treated
With BCT-100

[0064] The effect of BCT-100 on the survival rate of HL-60-incoluated NOD/SCIDS
mice was investigated. Referring to Figure 9, the survival rate and survival days of mice
treated with BCT-100 are increased as compared to the control group, indicating that
BCT-100 alone is effective in treating leukemia, e.g., myeloid leukemia. The survival rate
and days are further enhanced when BCT-100 is administrated with Doxorubicin. Thus
BCT-100 can be administrated with Doxorubicin to treat leukemia, e.g., myeloid

leukemia.

[0065] The exemplary embodiments of the present invention are thus fully described.
Although the description referred to particular embodiments, it will be clear to one skilled
in the art that the present invention may be practiced with variation of these specific
details. Hence this invention should not be construed as limited to the embodiments set

forth herein.
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10.

11

12.

13.

14.

What is claimed is:
A method of treating leukemia in a patient comprising administrating to the patient a
therapeutically effective amount of a composition comprising arginase, wherein said
composition is effective at treating lymphocytic and/or myeloid leukemia.
The method of claim 1 wherein said lymphocytic leukemia is acute lymphocytic
leukemia or chronic lymphocytic leukemia.
The method of claim 1 wherein said lymphocytic leukemia is T-cell acute
lymphocytic leukemia.
The method of claim 1 wherein said myeloid leukemia is acute myeloid leukemia or
chronic myeloid leukemia.
The method of claim 1 wherein said myeloid leukemia is arsenic resistant myeloid
leukemia.
The method of claim 1 wherein said leukemia is arsenic resistant.
The method of claim 1 wherein said arginase is pegylated recombinant human
arginase
The method of claim 7 wherein said arginase is pegylated with methoxy-polyethylene
glycol succinimidyl propionic acid.
The method of any one of claims 1-8 further comprising administrating a second
therapeutic agent, wherein said second therapeuctic agent is doxorubicin.
The method of claim 1, wherein said composition is administrated intravenously,
intraperitoneally, subcutaneously, or intramuscularly.
A method of treating cancer in a patient comprising administrating to the patient a
therapeutically effective amount of a composition comprising arginase, wherein said
patient suffers from relapsed or refractory leukemia or lymphoma.
The method of claim 11 wherein said leukemia or lymphoma is arsenic resistant.
The method of claim 11 wherein said arginase is pegylated recombinant human
arginase.
The method of claim 13 wherein said arginase is pegylated with methoxy-

polyethylene glycol succinimidyl propionic acid.

13
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I Claims Nos.: 1-14
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 1-14 are attributed to the methods for treatment of the human or animal body by therapy. They do not meet the criteria set
out in Rules 39.1(iv) PCT.
The search report is made on the basis of the following subject-matter for claims 1-14: the use of the composition comprising
arginase in the manufacture of medicament for the treatment of lymphocytic and/or myeloid leukemia.

2. [0 Claims Nos.:
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3. [ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. [ Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [0 Asall searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
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3. [ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on protest [C] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[0 The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

[0 No protest accompanied the payment of additional search fees.
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