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augmentation of T lymphocyte function and include modulation of
interleukin-2 (IL-2), stimulation of interferon-y production,
induction of T lymphocytes and NK cell activity, and stimulation
of thymopoiesis. Thymosin alpha 1 also has been shown to up-
15 regulate MHC Class I expression.

Thymosin alpha 1 has previously been suggested for use in
certain treatments of cancer, Hepatitis B and C, HIV, etc., e.g.,
by subcutaneous injection twice weekly. There remains a need in

the art for improved methods of administering Thymosin alpha 1.

2(¢ SUMMARY OF THE INVENTION
In accordance with the present invention, a method of
administering a Thymosin alpha 1 (TAl) peptide to a patient in
need of immune stimulation, comprises administering the TAl
peptide to the patient so as to substantially continuously
25 maintain an immune stimulating-effective amount of the TAl
peptide in the patient during a treatment period of at least

about six hours.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on a discovery that
30 maintaining immune stimulating-effective amounts of a TAl peptide

in a patient’s circulatory system during a treatment period
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sleé)ar ?[&Sd ibsy oqﬁr;f ta %% m’atrv]}o %%rdr%d’s aocfcording to one embodiment, a TAl
peptide such as TAl is administered to a patient in need of
immune stimulation so as to substantially continuously maintain
an immune stimulating-effective amount of the TAl peptide in the
patient’s circulatory system during a substantially longer

20 treatment period. Although much longer treatment periods are
contemplated in accordance with the present invention,
embodiments of the invention include substantially continuously
maintaining an immune stimulating-effective amount of the TAl
peptide in the patient’s circulatory system during treatment

25 periods of at least,about‘6, 10, 12 hours, or longer. In other
embodiments, treatment periods are for at least about a day, and
even for a plurality of days, e.g., a week or longer. However,
it is contemplated that treatments, as defined above, in which
immune stimulating-effective amounts of the TAl peptide are

30 substantially continuously maintained in the patient’s
circulatory system, may be separated by non-treatment periods of
similar or different durations.

In accordance with one embodiment, the TAl peptide is

continuously infused into a patient, e.g., by intravenous

35 infusion, during the treatment period, so as to substantially
continuously maintain an immune stimulating-effective amount of

the TAl peptide in the patient’s circulatory system. The
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15 of at least about 1 hour. More preferably, continuous infusion
is carried out for longer periods, such as for periods of at
least about 6, 8, 10, 12 hours, or longer. In other embodiments,
continuous infusion is for at least about one day, and even for a
plurality of days such as for one week or more.
20 Immune stimulating-effective amounts of a TAl peptide may
be substantially continuously maintained in a patient’s
circulatory system by administering the TAl peptide to the
patient at a rate within a range of about 0.0001-0.1 mg/hr/Kg
patient body weight. Preferred administration rates are within a
2L range of about 0.0003-0.03 mg/hr/Kg patient body weight.

In preferred embodiments, the TAl peptide is present in a
pharmaceutically acceptable liquid carrier, such as water for
injection, saline in physiological concentrations, or similar.

The invention may be utilized for treatment of any

30 patient in need of immune stimulation, including cancer patients,
HIV patients, and patients having various forms of hepatitis,
including Hepatitis B and Hepatitis C. For example, the
invention may be utilized to promote bone marrow recovery in
cancer patients following chemotherapy. The invention may be

35 particularly useful for addition of TAl to chemoimmunotherapy for

increased survival in melanoma and hepatocellular carcinoma (HCC)
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determined at baseline and 8 days after 5-FU treatment (day 1 of
15 TAl treatment), and also at 5, 12, 20, and 27 days after TAl
treatment.
Example 1
10 week old rats, weighing 250 - 300 g, received 100

mg/kg 5-fluorouracil (5-FU) for immune suppression.

20 8 days after 5-FU treatment, rats were randomly assigned

to one of the following groups (n=8):

Control (saline in minipump)
Low dose TAl, injected s.c. at 0.2 mg/Kg (with empty
minipumps)

25 - High dose TAl, injected s.c. at 3.5 mg/Kg (with empty
minipumps)
Continuous infusion TAl, provided by minipump at 3.5 mg/Kg/5
days

Immune parameters were determined at baseline and 8 days
30 after 5-FU treatment (day 1 of TAl treatment), and also at 5, 12,
20, and 27 days after TAl treatment.
The evaluations included NK activity (LDH released from YAC-
1 cells aftef 4h exposure to PBMC), total leukocyte number

(judged by physical cytofluorimetric parameters, after verifying
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Total white blood cell count, as determined by morphology,
was depressed from 14,590 + 2,071 cells/mm® to 2,597 + 582 after
treatment with 5-FU. Low or high dose TAl treatment by injection
trended towards a sooner increase in recovery compared to
untreated animals. Continuous infusion of TAl, however, provided
statistically significant and complete recovery to baseline
levels after only 5 days.

Activated lymphocytes (CD3+CD25+) were not decreased
significantly by 5-FU treatment (from 65 * 21 cells/mm® to 37 %
10), however, the levels were dramatically increased 12 and 20
days after high dose TAl treatment (297 * 136 and 321 =+ 75
cells/mm® vs 166 * 70 and 212 + 77 cells/mm?, respectively). TAl
provided by continuous infusion lead-to an even greater increase,
to 422 + 105 and 446 + 73 cells/mm’. |

Example 2

10 week old rats, weighing 250 - 300 g, received 100 ug/kg
5-FU for immune suppression.

8 days after 5-FU treatment, rats were randomly assigned to

one of the following groups (n=15):

. Control (saline in minipump)

. High dose TAl, injected s.c. at 3.5 mg/Kg (with empty
minipumps) '

. Continuous infusion TAl, provided by minipump at 3.5

!

mg/Kg/5 days



untreated ani mals. Continuous infusion of TAl, however, provided
statistically significant and conplete recovery to baseline |evels &5 %R 2006
only 5 days. 20 Activated |ynphocytes (CD3+CD25+) were not decreased
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continuous 1nfu31on compared to s.c. injection had a dramatic
effect on the total number of leukocytes, it was of interest to
determine which type of white blood cell was responsible for the
15 increase. Granulocytes appear to be the subset of white blood
. cells that are most affected by TAl provided by continuous
infusion. The number of granulocytes was decreased after 5-FU
from 4,485 * 1,116 to 1,249 * 432. Treatment with TAl resulted
in an increase to.14,652 + 2,463 within 5 days (compared to 9,924
20 + 3,218 with TAl by injection or 6,954 x* 1,519 with no TAl), and
this level was still the highest after 14 days.

Interestingly, there was one animal in this study which was
provided TAl by BOTH injection (of 3.5 mg/Kg) and by continuous
infusion (of another 3.5 mg/Kg). Not only was this animal

25 héalthy and vigorous, with no obvious adverse events, but the TAl
effects on the immune parameters measured were even greater than
those in the other animals. For granulocytes, this study animal
had a greatly increased level of 19,376 cells/mm® after 5 days,
compared to the mean of 14,652 * 2,463 in the other infused

30 animals.

The number of total lymphocytes (CD3+) was dramatically
decreased by 5-FU treatment (from 10,904 * 1,973 cells/mm?® to
1,740 * 560). Treatment with TAl allowed for a recovery to
baseline levels, which occurred after only 5 days when TAl was

35 provided by continuous infusion but was not seen until 14 dayé

for injected TAl.



After determning in Exanple 1 that TAl provided by continuous igngkgﬂm
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t he percentage of these |ynphogcytes which were 5 activated was greatly
incre3§881@?809¥4§8nt8§yoﬁﬁ agg%glon was superior to TAl provided by

15 ' injection for recovery of cell numbers, TAl provided by either
delivery method was sufficient to return the levels of T helper
cells to baseline.

Since TAl provided either by injection or by continuous
infusion lead to an increase in CD4+ T helper lymphocytes, it was

20 of interest to determine whether this increase was due to an
effect on the Thl or the Th2 subset of T helper cells. Previous
in vitro and in vivo data have demonstrated that TAl increases
the Thl subset of T cells, and in this study the same effect was
seen. Providing TAl by continuous infusion lead to an even

2. greater increase in the plasma level of the Thl cytokine IL-2
than was seen after s.c. injection (42 t* 7 pg/ml 14 days after
TAl by continuous infusion, compared to 21 + 16 for injected TAl
and 10 * 16 for control animals) .

Treatment by TAl lead to an increase in the Thl cytokine IL-

30 2, and TAl allows for an increase in another Thl cytokine, IFN-
y. Although the levels are low, by 5 days after treatment, s.c.
injected TAl lead to higher plasma levels of IFN-y. By 14 days
after treatment the animals with TAl provided by continuous
infusion had the highest levels (14 * 5 pg/ml compared to 10 * 1

35 by injection or 8 * 8 for control).

The animal which received TAl by both injection and

continuous infusion had even greater levels of both of the Thl
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have denonstrat étFHe na%é)i%rae&c&stqrh ll%‘fe]s&gfs\éﬂ(hlofo“lerceq Ipsl,ura‘—?flol'% this
stedy the sane eff etdysain tteerciRudtdiory Al dasethenwesssurnddisi on | ead
to an even 2_ greater jncrease in the plasma | evel of the Thl cytokine IL-2
than was seen aftffBre9454 Cetﬁfged:t'(s@ 7 pg/m 14 days after TAl, by
continuous infusion, conpared to 21 16 for injected TAL and 10 16 for
control animals). Treatnent by TAl |lead tqQ an increase in the Thl cytokine

IL- 30 2, dnd TAPLS 9% F0rreginSic leads itP IRHMECERR) PORdYRe, | FN- .

Al though the | ewdeade drp\@ra}ﬁill%c%fﬁé%,afatserwetlrle%tsm%'hte, posGtividh) ected TAL
| ead to higher plasma | evel's of ItIF y. By 14 days A after treatnent the

ani mals with TABTHESAIER BPreGHLSfuSEST iafteS dRIeEF1CRe ofi dRdst | evel s (14
5 pg/mM conpared to 10 1 35 by injection or 8 8 for control). The ani nal
whi ch received TAL by both injection and contjnuous infusion had even
Flater levels &P @é%’f?r@fe EYENFH Were SbgsRVEGhe even at doses of TAl

15 times higher than usual (and in one animal, at doses

30 times higher than usual).



5 WO 03/ 037366 PCT/ US02135093 cyt oki nes neasured, especially IFN-y, which
was 45 pg/m after 14 days, conpared to 14 5 pg/m for the other Bni\PRal0§t
CONCLUSI ONS: Mai ntenance of a constant |evel of TAl over a plurality of
days in the circulation increases the neasured inmunol ogical effects. This
dosage regi men | eads to unexpected positive effects on granul ocytes, as
well as the positive effects on nonocytes seen after injection of TAI. 10
No adverse events were observed, even at doses of TAlL 15 tinmes higher than
usual (and_in one animal, at doses 30 tinmes higher than usual). 8 2 5 APR
2006 CLAI NgLAIMBse of a Thynosin al pha 1 (TAl) peptide in a nanufacture of
a nedi canent for substantially continuous immune stinulation for at |east 6

hours by iptravgnous ¢infusj AN pQURR., | R) eqlihQR op.a+¢arbi ngtign
t her eof . Zf'The use‘%ﬁ g{aiéggma ereingggid negica%enFe?s usef ul ?or
subst ant i ahdiyuonturioas iammets canient] aféonsfibstantisbhgt c®ntdnnsus3. The

use of claim 1l wherein.sai.d nedi canent, i s useful for, substanti al

cont i nuouleﬁﬁesgf‘f“HﬁFngBn % at heesk %0%1986&.133&. &4y, 808%5 claim1
wher ei n sai gifwerdcamenti gungysafilectfion subat ashbahdyieontharess. i mune
stimulation for at |east 12 hours. 5. The use of claim 1l wherein said

medi canent is useful for substantially continuous immune stinmulation for at

| east one glay. The use of claim 1 wherein said medicament is useful
for substantially continuous immune stimulation for at

least 8 hours.

3. The use of claim 1 wherein said medicament 1is useful
for substantially continuous immune stimulation for at

least 10 hours.

4. The use of claim 1 wherein said medicament is useful
for substantially continuous immune stimulation for at

least 12 hours.

5. The use of claim 1 wherein said medicament is useful
for substantially continuous immune stimulation for at

least one day.

6. The use of claim 1 wherein said medicament is useful
for substantially continuous immune stimulation for a
plurality of days.

7. The use of claim 1 wherein said TAl peptide is TAl.

8. The use of claim 1 wherein said TAl peptide is

present in a pharmaceutically acceptable liquid carrier.



6. The use of claim11 wherein said nedicament is useful for substantially
continuous immune stinulation for a plurality of days. 7. The use (2];5 @Eamm
1 wherein said TAL peptide is TAL. 8. The use of claim1l wherein sai 1
peptide is present in a pharnmaceutically acceptable liquid carrier. 9 2 5
APR 2006 9. Use of a Thynosin alpha 1 (TAl) peptide in a manufacture of a
medi canent for substantially continuous inmune stinulation for at |east one
hour by intravenous infusion or mnipunp. 10. The use of claim9 wherein
said TAl peptide is TAI, and wherein said nedi canent is useful for

substantially continuous imune stinulation_for at |east 6 hours. 11. The
use of cla?m 9 Yifer &I ai FERddnestrlg udef FALY or PERBLESNt £BI | §

conti nuouspi ng §td Yk abi AedUarine | £RSt sOPSdaYially TBAtYAR.RE claim 9
wherein said nedicanent is useful for substantially continuous inmune

stimul at i ohmrfwre astphutatiey dbrdafs. 1d8st Theeudwusf kY aiimtrawhapesn said
i nune stinu ast.i Qn i.s f.qr. %cer treatnent patient. 14. The use of claim9
inru |é¥ﬁ

. 107 Or minl . . .
wherei n sal I mmune ‘st nu on is for cancer treatnent patient. 10

10. The use of claim 9 wherein said TAl peptide 1is
TAl, and wherein said medicament is useful for
substantially continuous immune stimulation for at

least 6 hours.

11. The use of claim 9 wherein said medicament is useful
for substantially continuous immune stimulation for at

least one day.
12. The use of claim 9 wherein said medicament is useful
for substantially continuous immune stimulation for a

plurality of days.

13. The use of claim 1 wherein said immune stimulation is

for cancer treatment patient.

14. The use of claim 9 wherein said immune stimulation is

for cancer treatment patient.

10



