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USES OF INTERLEUKIN -4 AND METHOD FOR PURIFYING IT

BACKGROUND OF THE INVENTION

This invention relates to a method for increasing the numbers of
neutrophils and for inducing maturation of myeloid cells in mammals by
administering an effective amount of interleukin-4 (IL-4) for this purpose to a
mammal in need of such treatment and methods of purifying interleukin-4 for
use in such treatment. .

Interleukin-4 (IL-4) is a lymphokine (stimulator of the immune
system) that has a broad range of immune-cell stimulatory activities
[Banchereau et al., Lymphokine Res. Vol. 6, No. 1: U135 (1987); Yokoto et
al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898 (1986); Lee at al., Proc. Natl.
Acad. Sci. USA, 83: 2061-2065 (1986); Coffman et al., J. Immunol. 136: 949-
954 (1986); Sanderson et al., Proc. Natl. Acad. Sci. USA, 83: 437-440
(1986), Grabstein et al., J. Exp. Med., 163: 1405-1413 (1985); and Vitetta et
al., J. Exp. Med. 162: 1726-1731 (1985)]. At various times, IL-4 has also
been referred to as B-cell growth factor (BCGF) [Butler et al., J. Immunol.
133: 251-255 (1984)(human BCGF); and Farrar et al., J. Immunol. 131:
1838-1842 (1983)(mouse BCGF)] and B-cell stimulatory factor 1 (BSF-1)
[Ohara et al., J. Immunol. 135: 2518-2523 (1985)). The name interleukin-4
was finally proposed and adopted in 1986 [Sanderson et al., Proc. Natl.
Acad. Sci. USA, 83: 437-440 (1986)].

IL-4 was originally thought to be important only for the co-
stimulation of activated B-cells [Roehm, et al., J, Exp. Med. 160:679-694
(1984)]. 1t has also been shown, however, to modulate the activities of T-
cells and mast cells [Mosmann, et al., Proc. Natl. Acad. Sci. USA. 83:5654-
9658 (1986)]. See also WO 87/0290, where the activity of IL-4 as a T-cell
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growth factor and B-cell growth factor is described as being useful to
enhance natural defenses against various infections.

T-cells and B-cells act in the later stages of an immune response.
It would be highly advantageous to have an agent which would increase
and activate neutrophils which act in the early stages of infection and are the
body's first line of defense against infection.

In the normal process of white biood cell hematopoiesis, cells
originate in the bone marrow from a primitive immature cell known as a stem
cell and differentiate through progressively more mature stages along
different lineage pathways, to arrive at a terminal state of differentiation as a
monocyte, granulocyte or lymphocyte.

A property of immature, undifferentiated cells is the ability to
multiply rapidly. It is only when a precursor cell matures and differentiates
through these multiple stages that it generally loses its capacity to proliferate
and assumes the role of a specialized, functional mature cell. In the normal
state, cells that reach their final mature form do not proliferate to any great
extent, if at all.

In general, cancer is a disorder of cell differentiation. In particular,
myeloid leukemias are disorders in which cells of monocytic and
granulocytic lineages are blocked at an early stage of maturation and thus
have not lost their proliferative capacity. Because these maturation-arrested
cells continue fo proliferate, they give rise to a population of immature
cancer cells, resulting in a diagnosis of leukemia.

There is evidence that various myeloid leukemia cells can be
induced to differentiate into normal macrophages and granulocytes, and that
upon differentiation these cells lose their capacity to proliferate. This
suggests that the induction of terminal differentiation by an agent would be
useful as a therapy for myeloid leukemia.
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SUMMARY QF THE INVENTION

We have now surprisingly found that administration of IL-4
increases the neutrophil count in mammals and stimulates differentiation of
neutrophils and monocytes. Even more surprisingly, we have found that the
effects on neutrophils continue long after dosing with IL-4 has been
terminated. This is very surprising since the half-life of IL-4 in the body is
very short. We have thus discovered that IL-4 may be administered to a
mammal to increase the numbers of neutrophils and to provide increased
host resistance to infection or to treat infection at a very early stage. The
mammal may be an immunocompromised host, e.g., any host susceptible to
unwanted bacterial infection such as a patient having severe burns or
ulcers, a host whose immune defenses are lowered because of radiation or
chemotherapy in the treatment of cancer, and a host with a genetic
immunodeficiency. These properties of IL-4 also indicate that it would be
useful in topical administration to heal wounds such as open cuts or burns,
by stimulating neutrophil and monocyte activation and fibroblast proliferation
at the wound site.

We have also discovered that IL-4 induces the maturation of
myeloid and monocytoid cells. Since myeloid leukemia is associated with
the proliferation of immature myeloid cells, IL-4 by progressing myeloid cells
to their mature state should reduce their proliferation and provide a method
for treating myeloid leukemia.

Preferably, the mammals will be treated with IL-4 derived from a
human source, i.e., human IL-4 such as human IL-4 produced recombinantly
from E. coli or CHO cells. Most preferably, the dosage for the mammals will
be administered by subcutaneous or intravenous injection or by intravenous
infusion and will be in an amount of about 0.1 to about 30 micrograms of IL-4
per kilogram of body weight per day. Preferably, the IL-4 is administered in
an amount of about 1 to about 15 micrograms of IL-4 per kilogram of body
weight per day, and most preferably about 3 to about 10 micrograms of IL-4
per kilogram of body weight per day.
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High purity active IL-4 can be obtained from the fermentation
broth of IL-4 expressing E. coli in a three-step process comprising :

1.Subjecti'ng crude fermentation broth to affinity chromatography
on a metal chelating-agarose gel column such as a chelating-Sepharose®
gel available from Pharmacia Fine Chemicals, Piscataway, New Jersey
under the names cHeLating-Sepharose® Fast Flow and chelating-
Sepharose® 6B. Chelating Sepharose® Fast Flow consists of iminodiacetic
acid groups on spacers coupled to Sepharose 6 Fast Flow by stable ether
linkages. Sepharose® 6 Fast Flow is a crosslinked agarose, 6%. A buffer,
preferably a phosphate buffer, is used. The phosphate buffer used is one
with a high sodium chloride concentration, i.e. about 0.5 to 1.5M, preferably
1.0M, in a neutral to slightly alkaline pH, i.e. about pH 6.7-8, preferably about
7.2. The high salt concentration and near neutral pH of about 7.2 helps
maximize binding of the active interleukin-4 and minimize binding of other
proteins to the column. The preferred metal chelate is zinc , although other
metal chelates such as copper, cobalt or nickel can be used. After the
binding is completed, the column is washed twice, first with an equilibration
buffer containing 20 mM sodium phosphate, pH 7.2 and 1.0 M sodium
chloride. It is then washed with the phosphate buffer containing about 10%
glycerol and a low concentration of sodium chloride, i.e. about 150 mM, in a
20 mM sodium phosphate buffer. The second washing removes impurities
including very closely related hard to separate impurities. Finally, the active
IL-4 is eluted at pH 5.0 with an acetate buffer containing 0.50 M sodium
chloride.

2. Subjecting the solution of active IL-4 from step 1 to cation
exchange chromatography on a S-Sepharose® Fast Flow column at a near
neutral pH of about 6.75 and at 15 mS(conductivity) where most impurities
do not bind. The further purified IL-4 in a buffered solution is then eluted
from the column; and

3. Subjecting the active IL-4 solution to gel filtration
chromatography on a size exclusion column equilibrated with 10 mM
sodium citrate, pH 4.5 after concentration up to 20 mg/ml at pH 4.5. Then
collecting the purified active IL-4 solution which is 95%-99% pure.

Also, high purity active IL-4 can be obtained from the cell culture
medium of IL-4 expressing CHO-cell lines in a process comprising :
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1. Subjecting crude cell culture medium containing active IL-4 to
cation exchange chromatography on a S-Sepharose® Fast Flow column at
a near neutral pH of about 6.7 to 8, preferably 7.2, and at 13-15
mS(conductivity) where most impurities do not bind. S-Sepharose®. Fast
Flow available from Pharmacia Fine Chemicals, Piscataway, New Jersey is
a cross-linked agarose matrix having coupled thereto the ion exchange
group -CH2-SO3" Na+. The column is washed with equilibration buffer then
the purified IL-4 in a buffered solution is isocratically eluted from the column
by a buffer system at pH 7.2, containing 0.26M NaCl and pooled:;

2. Subjecting the pooled eluate from step 1 to further cation
exchange chromatography on a relatively small S-Sepharose® Fast Flow
column which is about 15% the bed volume of the column of step 1. The
column is washed with an equilibration buffer, then the active IL-4 molecule
is eluted by a buffer system at pH 7.2 containing a sodium chloride gradient
0.12 - 0.50M;

3.Subjecting the solution of active IL-4 from step 2 to affinity
chromatography on a metal chelating-agarose gel column after adjusting the
solution to pH 7.2 and conductivity to 45-50mS. The chelating-Sepharose®
gel is available from Pharmacia Fine Chemicals, Piscataway, New Jersey
under the names chelating-Sepharose® Fast Flow and chelating-
Sepharose® 6B. Chelating Sepharose® Fast Flow consists of iminodiacetic
acid groups on spacers coupled to Sepharose 6 Fast Flow by stable ether
linkages. Sepharose® 6 Fast Flow is a crosslinked agarose, 6%. A buffer,
preferably a phosphate buffer, is used. The phosphate buffer used is one
with a sodium chloride concentration of about 0.5 M at a neutral to slightly
alkaline pH, i.e. about pH 6.7-8, preferably about 7.2. The salt
concentration and near neutral pH of about 7.2 helps maximize binding of
the active interleukin-4 and minimize binding of other proteins to the
column. The preferred metal chelate is cobalt although other metal
chelates such as zinc, copper or nickel can be used. After the binding is
completed, the column is washed with an equilibration buffer containing 20
mM sodium phosphate, pH 7.2 and 0.5 M sodium chloride. Finally, the
active IL-4 is isocratically eluted at pH 6.0 with a phosphate buffer containing
0.50 M sodium chloride;
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4. Subjecting the active IL-4 solution to gel filtration
chromatography on a size exclusion column, preferably Sephacryl® S-200
HR or S-100 HR which are crosslinked copolymers of allyldextran and N,N'-
methylene bisacrylamide which are available from Pharmacia, equilibrated
with 10 mM sodium citrate, pH 4.5 after concentration up to 20 mg/mL at pH
4.5. Then collecting the purified active IL-4 solution which is 95%-99% pure.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the amino acid sequence of a preferred

(human) IL-4 for use in the present invention.
- Figure 2is graphic representation of the increase in neutrophil cell

count found by dosing cynomologus monkeys with IL-4.

Figure 3 is a graphical representation of the results indicating
activation and differentiation achieved by treatment of HL-60 celis with IL-4.

Figure 4 is a graphical representation of the results indicating
activation and differentiation achieved by treatment of U-937 cells with IL-4.

ESCRIPTION OF THE INVENTION

Any suitable IL-4 may be employed in the present invention.
Complementary DNAs (cDNAs) for IL-4 have recently been cloned and
sequenced by a number of laboratories, e.g., Yokoto et al., Proc. Natl. Acad.
Sci. USA, 83: 5894-5898 (1986) (human); Lee at al., Proc. Natl. Acad. Sci.
USA, 83: 2061-2065 (1986)(mouse); and Noma et al., Nature 319: 640-646
(1986)(mouse). Le et al., J. Biol. Chem. 263: 10817 (1988) have described
the production of recombinant human IL-4 in CHO cells. IL-4 is also an
article of commerce, available, e.g., from Genzyme Corporation, Boston,
Massachusetts (human and mouse). Moreover, non-recombinant IL-4 has
been purified from various culture supernatants, e.g., Sanderson et al., Proc.
Natl. Acad. Sci. USA, 83: 437-440 (1986)(mouse); Grabstein et al., J. Exp.
Med., 163: 1405-1413 (1985)(mouse); Ohara et al., J. Immunol., 135: 2518-
2523 (1985)(mouse BSF-1); Butler et al., J. Immunol., 133: 251-255
(1984)(human BCGF); and Farrar et al., J. Immunol., 131: 1838-1842
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(1983)(mouse BCGF). The disclosures of all the above articles are
incorporated herein by reference for their teachings of DNA and amino acid
sequences and methods for obtaining suitable IL-4 materials for use in the
present invention.

Preferably, the IL-4 used in the present invention will be a human
IL-4, and most preferably it will be the human version with the sequence
described in Yokoto et al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898 (1986)
and PCT Patent Application No. 87/02990 published May 21, 1987. The
disclosures of the above-mentioned article and PCT Application are hereby
incorporated herein by reference.

According to this invention, mammals are administered an
effective amount of an IL-4 to increase the numbers of monocytes and/or
granulocytes (which might be any of all of the following: polymorphonuclear
cells, eosinophils and/or basophils). Such an effective amount is defined as
any amount of 1L-4 that will significantly increase the neutrophil count, with
an increased count of at least 25 percent, preferably 50%, considered
significant. From about 0.1 to about 30 micrograms of IL-4, preferably
human IL-4 (hIL-4), per kilogram of body weight per day is preferably
administered. More preferably, mammals are administered about 1.0 to
about 15.0 micrograms of hiL-4 per kilogram of body weight per day, and
most preferably mammals are administered about 3.0 to about 10.0
micrograms of hiL-4 per kilogram of body weight per day.

The amount, frequency and period of administration will vary
depending upon factors such as the level of the neutrophil and monocyte
count (e.g., the severity of the monocytopenia or granulocytopenia), age of
the patient, nutrition, etc. Usually, the administration will be daily initially and
it may continue periodically during the patient's lifetime. Dosage amount
and frequency may be determined during initial screenings of neutrophil
count and the magnitude of the effect of IL-4 upon the increase in neutrophil
count. Dosage will be aimed at increasing the neutrophil count to an
acceptable level of about 1000 total neutrophils and/or 100 total monocytes
to generate the desired biological effect, which will need to be determined
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~ may also be useful in increasing numbers and functions of certain white cell

individually for;each patient depending on clinical circumstance.
Additionally, selective manipulations may be performed, such as the
enhancement of one or more subpopulations of lymphocytes.

To complement the neutrophil increasing effect of the IL-4, it may
be useful to administer it in conjunction with other biologically and/or
pharmaceutically active compounds. For example, it can be combined with
other white-cell increasing agents [e.g., granulocyte-macrophage colony
stimulating factor (GM-CSF) and granulocyte-colony stimulating factor (G-
CSF)]. It also might be useful to combine IL-4 with other interleukins, e.g.,
with IL-1 and/or IL-3 and/or IL-7, for the purposes of increasing the total
white blood cell and neutrophil count. IL-2 in combination with IL-4 may
produce selective enhancement of specific and useful T-cell functions, and
IL-4 in combination with IL-5 and/or IL-6 may be useful in specifically
enhancing the function and/or numbers of normal and/or neoplastic B-cells.
IL-4 may also be useful in increasing the utility of chemotherapeutic agents,
including but not limited to alkylating agents, mitotic spindle poisons or
antitumor antitilotics. By enhancing the number of white cells or the
functional or differentiational status of specific subpopulations of cells, the
efficacy of the aforementioned chemotherapeutic agents may be enhanced.
The combination of an interferon, e.g., interferon gamma or alpha, with IL-4
particularly T-cell, subsets. In certain situations, to achieve the necessary
biological effect, antibodies to any of the aforementioned interleukins or
interferons may be administered instead of the native molecules.

Administration of the dose can be by the intravenous, nasal,
parenteral, oral, subcutaneous, intramuscular, topical or transdermal route
or by any other acceptable route. The IL-4 can be administered in any
number of conventional dosage forms. Parenteral preparations include
sterile solutions or suspensions. Inhalation administration can be carried
out in the form of a nasal or oral spray, or by insuffulation. Topical dosage
forms can be creams, ointments, lotions, transdermal devices (e.g., of the
conventional reservoir or matrix patch type) and the like.
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The formulations and pharmaceutical compositions
contemplated by the above dosage forms can be prepared with
conventional pharmaceutically acceptable excipients and additives, using
conventional techniques.

Presently, the IL-4 is preferably administered via the intravenous
route. The solutions to be administered may be reconstituted lyophilized
powders and they may additionally contain preservatives, buffers,
dispersants, etc.

Preferably, IL-4 is reconstituted with 10 millimolar citrate buffer and
preservative-free sterile water with the maximum concentration not to
exceed 100 micrograms per milliliter and administered by continuous
intravenous infusion or by intravenous injection. For continuous infusion,
the daily dose can be added to 5 ml of normal saline and the solution
infused by mechanical pump or by gravity.

The effect of IL-4 on increasing the neutrophil count in mammals
can be determined by the following test protocol.

E. coli-derived human IL-4 having the amino acid sequence set
forth in Figure 1 was evaluated in a one month study in cynomolgus
monkeys. IL-4 was administered intravenously once daily at doses of 2, 10
and 25 pug/kg/day. Hematological and clinical chemical evaluations of blood
samples from the monkeys were conducted at selected time points prior to,
during, and one month after termination of dosing. Data were derived from a
Coulter S+4 hemotology analyzer [total white count] and a manual
differential count. The results, shown in Figure 2, demonstrate the increased
neutrophil count produced by the present invention.

The activation of neutrophils by IL-4 can be demonstrated by the
following test protocols.

METHODS
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A. lsolation of cells: Whole blood drawn from cynomolgus
monkeys four weeks after the cessation of IL-4 dosing (25 pg/kg) or vehicle
was subjected to gravity sedimentation through 6% dextran, followed by
alternate lysis with hypotonic saline or Tris-amonium chioride to recover
leukocytes.

B. Yeast Phagocytosis Assay: The phagocytic assay was
performed by adding 300 ul of human serum, 50 pl of heat-killed yeast

particles (108 organisms/ml) to 12 x 75 mm polypropylene tubes containing
approximately 5 x 105 of the isolated leukocyte cells. Incubation was carried
out for 80 minutes in a gyrorotary water bath at 37°C. Following
centrifugation, the cell suspension was stained with 0.4% trypan blue and
0.2% eosin Y in saline. Ingested yeast remained colorless and uningested
yeast stained purple, allowing for accurate determination of avidity (number
of yeast cells ingested) as well as the percent of phagocytic cells. Mean
values obtained for these parameters were multiplied to calculate a
phagocytic index for each monkey. Data were analyzed by the Student's T
test, comparing values from IL-4-treated monkeys to those of control
monkeys receiving vehicle alone. The results are shown in Table 1.
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Table 1. The Phagocytic Function of Péripheral Blood Leukocytes
Drawn from Monkeys Four Weeks After IL-4 Withdrawal
P P
onkey L-4a ercentc hagocytic
Y P I
# pg/kg) east/cellb hagocytic ndexd
1 3 3 1
8+£0.2 5.0 30.6
2 3 5 1
8402 0.0 86.5
3 5 4 2
3402 5.6 42.1
4 2 3 8
£+02 3.8 75
3 4 1
meane 9406 11+4 61.6 + 33.6
5 4 8 3
5 84 +0.2 2.5 99.3 -
6 4 7 3
5 .8+0.2 0.0 33.2
7 4 7 3
5 7402 1.4 36.4
8 3 5} 2
5 8402 1.9 32.6
4 7 3
meane 5403 |1.544f 25.4 + 34.59

4Cells obtained from monkeys dosed for 4 weeks with
IL-4 or vehicle followed by a 4-week washout period.
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bMean yeast per cell = # yeast ingested/60 cells from
each monkey; Mean z standard error of the mean (SEM) based on
cells counted.

CPercent Phagocytic cells = % of cells ingesting
yeast/total cells
¥ 100.

dPhagocytic Index = mean yeast/cell x % phagocytic
cells.

€Mean + SEM of the individual values for the monkeys.
1P<.002, Student's T test, control vs. IL-4.

9P<.014, Student's T test, control vs. IL-4.

C. NBT Assay: Following isolation as above, leukocytes from
cynomolgus monkeys were resuspended in 0.2 ml of RPMI-1640 containing
2% heat-inactivated fetal bovine serum and distributed into 12 x 75 mm
polypropylene test tubes. To each tube, 0.1 ml of a 2 mg/ml solution of
nitroblue tetrazolium (NBT) in 2% RPMI and 0.1 mi of a 0.25 uM stock of
freshly prepared phorbol 12-myristate 13-acetate (PMA) in 2% RPMI were
added to the cells. The cell suspension was incubated in a 37°C water bath
for 30 minutes. After incubation, the tubes were centrifuged and
supernatants were removed from the cell pellet. Cell pellets were dried for 1
hour at 37°C before extraction with N,N-dimethyl-

formamide (DMF). One ml of DMF was added to the cell pellet,
vortexed, and immediately incubated at 85°C for 20 minutes. The tubes
were centrifuged and the colored DMF was collected for spectrophotometric
analysis at 560 nm against a DMF blank. All measurements were performed
within 30 minutes of termination of the incubation.

Calculation of reduced NBT (NBF; ug/ml) was done from a
standard curve prepared by using serial dilutions of a 2 mg/m! NBT stock
solution spotted on Whatman filter strips and dried. For the standard curve,
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NBT was reduced by exposure to 1 mM ascorbate solution in 0.2 N NaOH

for 20 min. at room temperature in the dark. The filters were extracted with

DMF and read at 560 nm. Calculation of the NBF/cell was obtained by

dividing NBF, ug/ml, by the number of cells per mi of sample. The results are
5 shownin Table 2.
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Table 2. The Phagocytic Function of Peripheral Blood Leukocytes
Drawn from Monkeys Four Weeks after IL-4 Withdrawal
Measured by NBT Reduction.
5 .
M IL A N|
onkey | -4 Dosage2 | bsorbance BF/ml BFb
(ng/kg) ( (
# 560 nm) ug/mi) g/cell
1 0 0 3
.095 .9 3
2 0 0 3
075 1 3
3 0 0 4
‘ 113 5 7
4 0 0 1
.033 5 3
mean 4 +0.1¢
51 2 0 8
5 .213 3 N
6 2 0 1
5 316 2.1 7
7 2 0 1
5 483 8.5 .0
8 2 0 6
5 .163 5 Z
mean .9 +0.1cd
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aCells obtained from monkeys dosed for 4 weeks with
IL-4 or vehicle followed by a 4-week washout period.

BbNBF, pg per cell, calculated from NBF pg/miftotal cells
in sample. Cell number obtained by hemacytometer count using
Turks solution prior to assay.

Cmean + SEM of the individual values for the monkeys.

dP<0.02, Student's T Test, control vs. IL-4.

The above results demonstrate that phagocytic index of leukocytes
obtained from IL-4-treated monkeys four weeks post-dosing was increased
significantly over leukocytes obtained from control animals. This elevation in
the phagocytic index was due to the increase in the percentage of cells
ingesting yeast. There was a slight increase in the avidity of the cells
(number of yeast infested per cell) from the IL-4 post-dosage group. The
NBT dye reduction response measured as pg/cell of NBF was increased in
cells taken form IL-4 treated monkeys as compared to cells from monkeys in
the vehicle-control group.

These two assays, yeast cell ingestion and NBT dye reduction, are
measures of phagocytosis and the metabolic changes (respiratory burst) that
are important stages in the sequence of events that lead to the destruction of
infectious agents. The increases obtained in both parameters indicate that
IL-4 can increase or amplify the phagocytic response.

U937 is a cell line (ATCC CRL 1593) established from
malignant cells from a patient with diffuse histiocytic leukemia [Sunstrom et
al., Int. J. Cancer 17: 565-577 (1976)]. This cell line exhibits characteristics
that indicate it is an immature monocyte.

HL-60 is a cell line (ATCC CCL 240) established from a patient
with acute pro myelocytic leukemia. These cells exhibit characteristics that
indicate it is an immature neutrophil.
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IL-4 is able to induce differentiation of these 2 immature cells
as defined by an increase in phagocytic function, an increase in activation of
the hexase monophosphate shunt (NBT reduction) which is a metabolic
necessity for phagocytosis, an increase in the percentage of cells able to

5 take up a stain specific for mature neutrophils (nahthol chloroacetate
esterase) or mature monocytes (alpha napthyl acetate esterase) and an
increase in cells positive for surface markers as demonstrated by FACS
analysis for mature monocytes or mature neutrophils.

10 The effect of IL-4 on maturation of myeloid cells may be
demonstrated by the following test procedures.

NBI (Nitroblue Tetrazolium) Reduction To Formazan

15
Measurement of Hexose Monophosphate Shunt Activation
Associated with Respiratory Burst.

Muller, et al., Agents & Actions 11:384 (1981).

20 Baehner, et al.,, New Eng. J. Med. 278:971 (1968).
Salin and McCord, J. Clin. Invest. 54:1005 (1974).
Standardized for use with U-937 and HL-60 cell lines

25 1. Harvest target cells sufficient for 1E6 cells/well assay. Spin down
on Sorvall at 1200 rpm 5 min. Wash with PBS and respin.

2. Bring up cells in sufficient RPMI + 2% FBS (2%) to aliquot 0.2

ml/well assay.
30 V
3. Aliquot cells at 0.2 ml/well in 24-well flat-bottom plate.
4. . Add 0.1 miof 20 pM PMA in 2% (to each well).

35 b Add 0.1 ml of 2 mg/miI NBT in 2% (to each well).
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6. Incubate plate at 37°C for 30 min.
7. Immediately remove 0.1 mi of cells and spin down at 200 rpm (low
) acceleration) for 5 min. using Shandon Cytospin.
8. Counterstain with Dif-Quick system and mount coverslip for
counting.

The yeast phagocytosis assay as described above was also
10 performed for both cell lines using the same methodology.

Naphthol AS-D Chiorpacetate Esterase Stain_For PMNS

Yam, et al., Am. J. Clin. Path. 55:283 (1971).
15 Li, et al., J. Histiochem. Cytochem. 21:1 (1973).

Standardized for staining HL-60 cell line.

1. Spin down 1-5E5 cells onto microscope slide at 200 rpm
20 (low acceleration) 5 min. using Shandon Cytospin.
2. Fix slide for 2 min. in Citrate-Acetone-MeOH fixative at

room temperature (R.T.).
25 3. Wash in deionizer (d.i.) water and air-dry 20 min.
4. Stain slides in AS-D stain for 30 min. at 37°C in dark.
5. Wash 3X in d.i. water.

30
6. Counterstain in acid-hematoxylin stain 5 min.

7. Wash 3X in d.i. water, air-dry, mount with coverslip.

35 Citrate-Acetone-MeOH Fixative:
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Dilute Citrate concentrate 1:9 with d.i. water.
Add 18 ml Citrate solution, 27 ml Acetone, and 5 mi
abs. MeOH (methanol).
Store at room temperature.
Prepare daily.
AS-D Stain:
Dilute Trizmal 6.3 1:9 with d.i. water.
Warm 50 ml dilute Trizmal 6.3 to 37°C and add with constant
stirring contents of 1 capsule of Fast Corinth V salt.
When salt is completely dissolved add 2 ml of Naphthol AS-D
Chloroacetate
solution. The solution will appear quite turbid. Continue stirring
15-30 min. and add to coplin jar. Do not filter.

AS-D Solution:
Dissolve 1 capsule of Naphthol AS-D Chloroacetate (20 mg) in
2 ml of dimethyl formamide. Prepare immediately before use.

Use Sigma kit 90 - Naphthol AS-D Chloroacetate.

2

Alpha Naphthyl Acetate Esterase Stain For Macrophages

Yam, et al., Am. J. Clin. Path. 5§5:283 (1971).
Li, et al., J. Histiochem. Cytochem. 21:1 (1973).

Standardized for staining U-937 cell line.

1. Spin down 1-5E5 cells onto microscope slide at 200 rpm
(low acceleration) 5 min. using Shandon Cytospin.

2. Fix slide in Citrate-Acetone-MeOH Fixative 30 min. at R.T.
3. Wash in distilled/deionized water and air-dry 20 min.

4. Stain slides in NE stain at 37°C for 30 min. in dark.
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5. Wash 3X in distilled/deionized water.

6. Counterstain in Mayer's Hematoxylin 5 min. at R.T.
5
7. Wash in distilled/deionized water, air-dry, mount with
coverslip.

Citrate-Acetone-MeOH Fixative:

10  Dilute Citrate concentrate 1:9 with distilled/deionized water.
Add 18 ml Citrate solution, 27 ml Acetone, and 5 ml abs. MeOH.
Store at room temperature.

Prepare daily.

15 NE Stain:

Dilute Trizmal 7.6 (mono[tris(hydroxymethyl)-
aminomethane] maleate; pH 7.6) 1.9 in distilled/deionized water.
Warm dilute Trizmal 7.6 to 37°C and add with constant stirring

contents of 1 capsule Fast Blue RR salt (4-

20 Benzoylamine-2,5-dimethoxybenzene-diazonium chloride
hemi[zinc chloride] salt). When salt is completely dissolved add 2
ml of NE solution. The solution will be yellow and slightly turbid.
Continue stirring for 15-20 min. and add to coplin jar. Do not

filter.
25
NE Solution:
Dissolve 1 capsule (20 mg) of alpha naphthyl acetate to 2 ml of
ethylene glycol monomethy! ether. Prepare
immediately before use.
30

Use Sigma kit 90 - alpha naphthyl acetate.

The results from the above procedures using HL-60 cells
and U-937 cells are set forth below in Tables 3 and 4.
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Table 3. The Effect of E. coli-derived IL-4 on the Function and
Differentiation of HL-60 Cells.

T Y % P N
reatment@ east/Cellb Phagocytic  hagocytic BT® AEf
Cells® Indexd
M 2 1 4 1
edia 4+ 0.3 8+5 2+ 12 7+ 2 1+5
I
L-4
2 5 4 2 3
50 Uml .5+ 1.48 2+ 59 25 + 459 3+3 2+ 39
2 5 4 2 3
5 Um dx11h 1440 07 £ 379 9+ 49 6 + 69
2 5 3 1 3
5 Uml 4+ 159 6+ 39 84 + 389 5+ 49 3439
. 3 2 9 3
25 Uml .7+ 1.0 7+5 6 + 24h 6 + 49 029
. -3 2 7 2
025 U/ml .1+ 0.6 5+ .6 5+ 18 3+2 2+7
D : 3 7 2 9
MO .6+ 0.49 1+ 109 59 + 549 2+ 29 6 + 29

@ HL-80 cells incubated for 6 days in media containing the designated concentrations of IL-
4 or DMSO. Cuttures fed with IL-4 or DMSO on day 3.

10 b Mean:SEMof4 separate experiments; Mean yeast/cell =
# yeast ingested/30 cells

C  Percent Phagocytic Cells = % of cells ingesting yeast/total cells x 100 Mean + SEM of 4

separate experiments.
15
d Phagocytic Index - Mean yeast/cell x % Phagocytic cells.
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€ % of cells positive for NBT/100 cells; Mean + SEM of 4 experiments.

% of cells positive for chloroacetate esterase enzyme activity/100 cells; mean of 4
5 experiments.

9 P<.05; Student T test, Media vs. IL-4 treated or DMSO treated groups.

h P< .10; Student T test, Media vs. IL-4 treated or

10 DMSO treated groups.
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Table 4.

reatment®

edia

L-4

50 U/ml

5 U/ml

S U/mi

25 U/ml

025 U/ml

PCT/US90/04093

The Effectofa E. gm-derivedrlL-4 on the Function and
Differentiation of U937 cells.

T
east/Cell

3+.04

2
5429
2

44 .29
2
5+.29

9+.39

7+.19

Y

Phagocytic

Cells®
10+2

25 + 59

25 +59

20+ 39

21 4+ 5h

16+4

%
hagocytic
Indexd
15+3

57 + 159
63 + 179
51+ 109
43 3 14h

28+8

BT®

+.5

8+79

1419

3129

7+29

NEf

6+4

3
6+79
4
4 +69
3
4479
2
44+49
2
913

a U937 cells incubated for 6 days in media containing the designated

concentrations of IL-4. Cultures fed on day 3.

b Mean yeast/cell = # yeast ingested/30 cells; Mean + SEM of 4

experiments.

C % Phagocytic cells = # of cells ingesting yeast/Total cells x 100; Mean +
SEM of 4 experiments.

d Phagocytic Index = Mean yeast/cell x % Phagocytic cells; Mean + SEM of

4 experiments.

e % of cells positive for NBT/100 cells; Mean + SEM of 4 experiments.
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% of cells positive for a NE activity/100 cells; Mean + SEM of 4
experiments.

9 P<.05, Student T test; Media vs. IL-4 treated groups.
h P< .10 Student T test; Media vs. IL-4 treated groups.

Fluorescence-Activated Cell_Sorter (FACS)
Analysis Of Monocyte And Neutrophil Surface Markers

HL-60 and U-937 cells were incubated in T-75 flasks
at 37°C and 5% CO» with increasing levels of IL-4 (E. coli-derived
recombinant human IL-4 (rhull-4), 8-ILE-1002) or controls; cells
were split and fed on day 3. On days 1, 3, and 6 cells were
removed, washed with RPMI 1640 and blocked with human heat-
aggregated 1gG to reduce potential Fc interference. After
washing again with RPMI 1640, cells resuspended in 50 pl of
diluted antibody (see following table for the monoclonal antibody
panel) and incubated 30 minutes on ice. The cells were then
washed in PBS, resuspended in 100 pl of diluted FITC-conjugated
goat-anti-mouse IgG, or IgGgo, and incubated for 30 minutes on
ice.  After the incubation of the second antibody, the cells were
washed repeatedly in PBS, then resuspended in 1 ml PBS and run
on a Becton-Dickinson FACScan for cytofluorometric analysis.
Isotype controls for murine 1gGap and I9G1 and second antibody
controls were run for increase in positive cells above a constituative
expression level (i.e., IL-4 induction of enhanced expression).
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Monoclonal Antibody Panel:

Cluster of
Mab lg Isotype Differentiation
- Specificity
WEMG11 mulgG4 UNK. gp 110:
Granulocytes
FMC 32 mulgG1 UNK.
-Myelomonocytes
OKM-1 mulgGop CD11b  CR-3
anti-Leu M5 mulgGap CD1ic  achain
(gp 150-
: : 95)
‘Anti-CR-1 mulgG4 CD35 C3b, CR-
1 .
. anti-L.eu M3 mulgGop CD14

. Monocytes

- The results from the FACS Analysis above are shown in

Figures 3 and 4
on ion of the Human IL-4 Expression Plasmi hir-
SRalpha263
The construction of plasmids pSRa-CAT196, pcD137, peD-

SRa205, pcDhIL-4 clone 125 and pcD-SRa224 have been described
(Takebe et al., Molecular and Cellular Biology, 8: 466-477 (1988); and
Yokoto et al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898 (1986)). As shown
in Figure 1, plasmid pcD-SRa-205 was constructed by the trimolecular
ligation of the 373bp Ncol-Xhol SRa promoter fragment from pSRa-CAT196,
the 434bp Xhol-Sstl splice junction (SJ) and 5' murine IL-4 (mIL-4) fragment
from pcD137 and the 3221bp Sstl-Ncol fragment, also from pcD137,
containing the 3' murine IL-4 cDNA, SV40 polyadenylation region and the
pBR322 derived plasmid backbone containing the origin of replication and
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ampicillin resistance gene. The G-C tail was deleted from pcD-hiL-4 clone
46 (Yokoto et al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898)) as follows.
The Okayama-Berg plasmid pL1 (Okayama and Berg, Molecular and
Cellular Biology, 3: 280-289 (1983)) was restricted with Pstl and the four
nucleotide overhang removed by the 3-5' exonuclease activity of T4
polymerase. Bglll linkers were ligated to the flush DNA ends followed by
restriction with Bglll and Hindlll. The Hindlil Bglll fragment containing the
SV40 sequence of pL1 was isolated and inserted into Bglll/Hindlll restricted
pcD-MCGF (Yokoto et al., Proc. Natl. Acad. Sci. USA, 81:1070-1074 (1984))
to yield intermediate plasmid 101. The purified 3libp Pst fragment from
plasmid pcD-hIL-4 clone 46 was restricted with Sau3A-I which releases a
163bp fragment with overhangs compatible with Bglll. The 162bp fragment
was ligated to Bglll restricted p101 to yield intermediate 112, The
Hindlll/Nhel fragment of p112 containing SV40 and human IL-4 cDNA
sequences was ligated to Hindlll/Nhel restricted clone 46 DNA to produce
pcD-hiL-4 clone 125 containing an SV40 early promoter, SV40 splice
junction and complete human IL-4 cDNA with the G-C tail deleted. Plasmid
pcD-Sra224 was constructed by replacing the small Xhol fragment of pcD-
SRa205 (containing the SJ and miL4 cDNA) with the small Xhol fragment of
pcDhIL-4 clone 125 containing the SJ and HIL-4 cDNA with G-C tail deleted
as described above.

A Sall site was introduced into pMTVdhir (Lee et al., Nature, 294: .
228-232 (1981)) by EcoRI/BamH! restriction, Klenow polymerase fill in of the
overhang and ligation to an octanucleotide Sall linker as shown in Figure 1.
Plasmid pMTVdhfr259, then, lacks restriction sites for EcoRI and BamHI and
the region between the two is replaced with a Sall linker. The Sall fragment
of pcD-SRa224 containing the Sro. promoter, SV40 SJ, human IL 4 ¢cDNA
and SV40 polyadenylation signals was inserted into the unique Sall site of
PMTVdhfr259. The final human IL-4 expression plasmid, pdhfr-SRalpha263
contains the following elements, counterclockwise from the Sall site:

1. Ampicillin resistance gene and origin of replication
from pBR322.

2. MMTV LTR driven dhir expression unit from
pMTVdhir.
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4. SV40 derived splice junction.
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The human IL-4 cDNA sequence present in the vector is the same
asin pcD -HIL-4 clone 46 given in Yokoto et al., Proc. Natl. Acad. Sci. USA,
83: 5894-5898(1986).

DHFR Gene Amplification an lection of {L-4 Sl Lin

Chinese hamster ovary cell mutants deficient in dihydrofolate
reductase activity (CHO-dhfr) are widely used for overproduction of various
recombinant proteins. (Kaufman et al., Molecular and Cellular Biology, 5:
1750-1759 (1985)). CHO-dhir mutant cells have an auxotrophic
requirement for hypoxanthine, thymidine and glycine. Expression vectors
incorporating a dhfr marker may be used to complement this mutation;
selection is achjeved by growing cells in the absence of the required media
cofactors described above. Gene amplification (increase in copy number up
to 1000X) may-be accomplished by growing cells in increasing
concentration of the folate analog methotrexate (MTX). The amplification of
the integrated recombinant dhfr locus in the genome results in a concomitant
increase in copy number of the expression unit for the gene of interest
(Ringhold et al., J. Mol. Applied Genetics, 1: 165-175 (1981); and Kaufman
etal., EMBO J., §: 187-193 (1987)).

The plasmid DNA having the coding sequence for dhfr and human
IL-4 (pdhfr-SRe263) was constructed as described above. Transfection of
pdhfr-SRai263 into DXB-l CHO-dhgr cell line was carried out by the calcium
phosphate precipitation method. (Graham and Van der Eb, Virology, 52: 546
(1978)) Transformants were selected in a selection medium (DMEM,
Dulbecco's Modified Eagle's Medium) that lacks hypoxanthine and
thymidine. A clone designated 3B12 was chosen for the first cycle of
amplification. The 3B12 clone was cultured in o-MEM medium (Eagle's
minimum essential medium) containing 40 nM MTX until resistant clones
were selected. A clone designated 3B12-A26 was used for further
amplification with Tum MTX. After the second cycle of drug selection, a
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clone designated 3B12-A26-19 was chosen for further development. This
clone was adapted to growth in a suspension mode with 10% NU Serum™
V and a subclone designated IL-4 S| was selected for the large scale
propagation.

lture Preparation

In order to prepare a Master Cell Bank (MCB), two original 100m|
spinner flasks containing the IL-4 SI cells were used. The cells were carried
through two additional growth medium exchanges and grown in 100 ml
spinner flasks (growth medium is basal medium plus 0 to 10% serum, e.g.,
NU Serum™ V). Cells from each flask were collected, washed,
resuspended in 10 ml of freezing medium, pooled and aseptically dispensed
in about 2.0 m sterile cell storage vials (freezing medium is basal medium
plus 20% serum, e.g., NU Serum™ V plus 10% dimethylsulfoxide). The vials
were slowly frozen at -70°C and stored in liquid nitrogen.

The cells from three frozen vials were thawed and propagated by
suspension in growth medium for 4 to 6 generations in spinner flasks of
increasing volume from 100 ml up to 3 liters. Cells were collected by
centrifugation, washed, and resuspended in freezing medium. The cell
suspension was aseptically dispensed in about 2.0 ml sterile cell storage
vials. The vials were slowly frozen at -70°C and stored in liquid nitrogen to
constitute the Master Cell Bank (MCB).

A Master Working Cell Bank (MWCB) was prepared from the MCB
by thawing 1 to 3 vials of the MCB and propagating the cells in T-flasks and
in suspension for 4 to 6 generations in increasing volumes up to 3 liters.
Cells were collected, washed, resuspended in freezing medium and
aliquoted and frozen as described for the MCB. The MWCB was stored in
liquid nitrogen as well.

IL-4 production was carried out in bioreactors of 50 to 200 liters in
volume, To start production, one frozen vial from the MWCB was thawed
and inoculated into a T-75 flask. From incubation until cell concentration
reaches 100% confluency, cells were trypsinized and inoculated into two T-
75 flasks (optionally, a T-160 flask can be used). These flasks were again
incubated until 100% confluency and the trypsinized cells were used to
inoculate a 100 ml spinner flask.
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The 100 ml spinner flask was incubated until adequate cell growth
was obtained and was used as inoculum for a 250 ml spinner flask. A
similar step was repeated in a 1 liter and a 3 liter flask and a 10 to 20 liter
bioreactor. Cells from the 10 to 20 liter reactor were used as inoculum for a
50 to 100 liter reactor. This reactor is initially grown batchwise and upon
achieving adequate cell concentration, a continuous media perfusion was
initiated.

The media used for growth and continuous perfusion was
modified iscove's medium, which may be supplemented with up to 10% -
(e.g., NU Serum™ V). No methotrexate was used throughout the production
process.

The fermentation stages were carried out under sterile conditions
and in closed systems. The key fermentation parameters such as
temperature, pH, agitation and aeration were monitored and controlled as
appropriate throughout the growth and continuous perfusion stages. Aseptic
samples were taken periodically to measure pH, cell density and to check for
sterility (absence of bacteria and fungi).

Upo_ri collection of an adequate volume of conditioned media
(perfusate), the broth was filtered to remove any cells that may be present,
and concentrated via ultrafiltration. The concentrate, which contains crude
CHO IL-4, was.forwarded to the final purification stages.

Purification of IL-4 from the crude CHO IL-4 concentrate was
carried out by performing a cation exchange chromatography on a
sulphonate column (e.g., S-Sepharose). This step was typically repeated.
Selected pooled fractions from the sulphonate column were then forwarded
to a chelate chromatography step (e.g., cobalt-chelate Sepharose). The
selected pooled chelate fractions were then diafiltered and concentrated via
membrane filtration. The concentration was chromatographed in a gel
filtration column (e.g., HR S-200). The pooled fractions which constitute the
purified bulk IL-4 were then filtered and stored at -20°C or lower.

The process for purifying such a crude CHO-IL concentrate of
active recombinant human IL-4 thus comprises:

(a)  subjecting a buffered crude solution of active IL-4 from
aCHO-cell culture medium to cation exchange chromatography at a near
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neutral to a slightly alkaline pH to selectively bind the IL-4, and isocratically
eluting the IL-4;

(b) subjecting the eluate from step (a) to further cation
exchange chromatography on a relatively small column(15% of the bed
volume of step(a)) at a near neutral to slightly alkaline pH and gradient
eluting the IL-4;

(c) subjecting the eluate from step (b) to affinity
chromatography on a chelating agarose gel column system at a near neutral
to slightly alkaline pH, then eluting the IL-4 with an acidic buffer;

(d) concentrating the eluate from step (c) with an
ultrafiltration membrane( 10,000 molecular weight cut-off); and
(e) subjecting the concentrated solution of active IL-4 from

step (d) to gel filtration chromatography on a size exclusion column at an
acid pH and collecting the purified IL-4 solution.

The cation exchange chromatography is carried out in two steps
after the CHO-cell culture medium is filtered to remove extraneous large cell
debris, then concentrated to up to 100mg/mL protein on a diafiltration
membrane and the pH is adjusted to pH 7.1-7.3, preferably 7.2. The
membrane is preferably a stirred cell fitted with a membrane which holds all
material less than 10,000MW, e.g. a YM-10 membrane, Amicon Co.,
U.S.A.,or Pellicon filter PTGC Cassettes, Millipore Corp., Bradford, Mass. In
the first step, crude culture medium is loaded on a cation exchange
chromatography column such as S-Sepharose® Fast Flow ( up to 100 mg
protein per mi resin) previously equlibrated with a phosphate buffer of near
neutral to slightly alkaline pH, i.e. pH 6.7-8, preferably 7.2, containing 0.12M
sodium chloride. This results in the active IL-4 remaining on the column and
most undesired proteins and other impurities being washed through. The
active IL-4 is then isocratically eluted from the column with a sodium
phosphate buffer, preferably one of pH 7.1-7.3, more particularly, pH7.2, with
20mM sodium phosphate and about 0.26M sodium chioride. The fractions
containing active IL-4 as determined by the SDS-PAGE and protein assays
are pooled and the pool is adjusted to pH 7.2 and 14mS.

In the second step, the adjusted pool from the first step is loaded
on a relatively small cation exchange chromatography column, about 15%
bed volume of the cation exchange column used in step 1, equilibrated with
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a phosphate buffer, impurities are washed through, and the active IL-4
remains on the column. The active IL-4 is eluted with a sodium chloride
gradient of 1.75mS per bed volume. The eluting buffers consist of a low salt
buffer, i.e. 20mM sodium phosphate, pH 7.2, 0.12M sodium chioride and a
high salt buffer, i.e. 20mM sodium phosphate, pH 7.2, 0.50M sodium
chloride. The gradient fractions containing the active IL-4 as determined by
SDS-PAGE and protein assays are pooled and adjusted to pH7.2 and 45-50
mS. :
_ The pool of active IL-4 fractions from the cation exchange
chromatography which is about 60 - 70% pure is then subjected to affinity
chromatography on a metal chelating agarose gel column prepared by
metal treated chelating-Sepharose® gel, i.e. chelating-Sepharose®Fast
Flow or chelaiing-Sepharose®68. The chelating columns comprise two
portions in a single column. The top part of the column contains a metal
treated-chelating agarose gel, preferably a cobalt treated-chelating-
Sepharose®Faét Flow gel, and the bottom part of the column is an untreated
chelating-Sepharose®Fast Flow gel. The volume ratio of the two layers is
about 2.3-3.0 volumes of cobalt treated-chelating Sepharose® to one
volume of untreated chelating‘Sepharose®. When the pool of purified IL-4
from the cation exchange treatment is loaded unto the top of the column, the
solution flowing'through traverses to the bottom portion of thecolumn where
the flow-through containing any remaining impurities exits.

By using a buffer at near neutral, preferably pH 7.2, and
preferably about 0.5 M sodium chloride, active IL-4 molecules are selectively
bound by affinity chromatography to a metal chelating-agarose gel column,
preferably cheiéting Sepharose® Fast Flow or Sepharose® 6B, to the
substantial exclusion of contaminating proteins present in the solution. The
active IL-4 remains on the columns and is isocratically eluted with a buffer at
a slightly acid pH, preferably at pH 6.0 containing 0.5M NaCl.

The purified solution of active IL-4 from the affinity chromatography
column is concentrared on an ultrafiltration membrane(10,000 MW cut-off),
preferably on a stirred cell fitted with a membrane which holds all material
with greater than 10,000 molecular weight, which range includes IL-4. A
preferred membrane is YM-10 manufactured by Amicon Co., USA. The’
concentration obtained is up to 20mg/mL. Two diafiltration buffers are used,
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first a 20mM Na-phosphate buffer at pH 6.0 with 0.5 M sodium chloride, and
a second buffer which is preferably 10mM sodium citrate at pH 4.5.

The concentrated eluates of active IL-4 are charged to a size
exclusion gel filtration column which fractionates the proteins in the solution
according to molecular weight. A typical column which is suitable is a
Sephacryl®S-200 HR or S-100 HR (Pharmacia) gel filtration column. The
Sephacryl®S-200 HR(high resolution) and S-100 HR are crosslinked
copolymers of allyldextran and N,N'-methylene bisacrylamide. Their
fractionation range in Daltons is 5,000 -250,000 and 1,000 - 100,000,
respectively. Other suitable materials are the Sephadexes® (Pharmacia)
which are crosslinked dextran gels. Preferably, the solution of active IL-4 is
charged to an S-200 HR column previously equilibrated with a 10 mM citrate
buffer at pH 4.5

A more preferred embodiment comprises :

(a) subjecting a crude buffered solution of active
recombinant human IL-4 from a CHO-cell cell culture medium to cation
exchange chromatography on a cross-linked agarose column (preferably S-
Sepharose®Fast Flow) in a 20mM phosphate buffer, PH 6.7 to 8, preferably,
pH 7.2, with 0.12M sodium chloride at 13-15 mS, preferably 14mS, then
isocratically eluting the active IL-4 from the column with a 20mM phosphate
buffer at pH7.1 to 7.3, preferably, pH 7.2 with 0.26M sodium chloride and
collecting the active IL-4 fractions;

(b) subjecting the IL-4 solution from step (a) to additional
cation exchange chromatography on the same type of cross-linked agarose
column used in step (a) but having a bed volume of about 15% of the
column used in step (a), in a buffer at pH7.2 - 7.5, preferably 7.2, containing
0.12M sodium chioride, then gradient eluting with a 20mM phosphate buffer
at pH 7.2 containing 0.12 M to 0.50M sodium chloride and pooling the
fractions containing active IL-4;

(c) subjecting the pooled fractions of active IL-4 from step(b)
at pH 7.2 to affinity chromatography on a metal chelating agarose gel
column, preferably consisting of a top portion of a cobalt-chelating
Sepharose®Fast Flow or 6B gel and a bottom portion of untreated chelating
Sepharose®Fast Flow gel, with a 20mM phosphate buffer at pH 7.2
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containing 0.5M sodium chloride,the volume ratio of the two proteins is
about 2.3-3.0 volume of cobalt-treated chelating Sepharose® to one volume
of untreated chelating Sepharose®, washing with an equilibration buffer,
then eluting the active IL-4 with a phosphate buffer at pH 6.0 containing
0.5M sodium chloride and collecting the IL-4 fractions; and

(d)" " concentrating and diafiltering the IL-4 fractions(pooled)
from step (c) to up to 20mg/mL at pH4.5 on an ultrafiltration membrane which
holds all material with greater than 10,000 molecular weight, preferably a
stirred cell fitted with a membrane such as YM-10, then subjecting the active
IL-4 concentrate to size exclusion (gel filtration) chromatography on a
column which fractionates the proteins in the solution according to molecular
weight on a cross-linked copolymer of allyldextran and N,N'-methylene
bisacrylamide, preferably Sephacryl®S-200 HR in a 10mM sodium citrate
buffer at pH 4.5 and collecting the active IL-4 fractions.

In step (a) and step (b) the pH of the fractions are adjusted to pH
7.2 and a conductivity of 13-15mS with 4M NaCl. The bed volume ratio of
the two cation exchange columns is about 6.3 volume of S-Sepharose®
column in step (a) and one volume of the cation exchange column in step
(b). The cation exchange gel material in a chromatography column is
equilibrated with a 20 mM phosphate buffer at pH 7.2 having 0.12 M sodium
chloride. A preferred cation exchanger is crosslinked agarose substituted
with -CH2-SO3- Na+ groups, such as S-Sepharose® Fast Flow available
from Pharmacia. The active IL-4 is isocratically eluted in step (a) with a 20
mM phosphate buffer at pH 7.2 with 0.26M NaCl. The fractions with highest
concentrations of active IL-4 based on the SDS-PAGE and protein assays
are pooled. The pooled fractions solution is adjusted to pH 7.2 and the
conductivity is adjusted 13-15mS per bed volume with 20mM sodium
phosphate buffer pH 7.2 - The column is then loaded with the IL-4 solution
and gradient eluted using a gradient of 1.75mS with 20mM sodium
phosphate buffers of pH 7.2 containing 0.12-0.50M NaCl. The collected IL-4
containing fractions as determined by the SDS-PAGE and protein assays
are pooled. The conditions for cation exchange chromatography are
selected to insure that the active IL-4 fraction will attach to the cation
exchanger matrix. The near neutral pH 7.2 which is relatively high for a
cation exchange chromiatography and the 13-15mS conductivity which is
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relatively high for anion exchange chromatography results in mild binding
conditions where most impurities do not bind to the column, elution is
relatively easy and high purity of the active IL-4 solution is obtained, i.e.
about 60% -70%.

The preferred metal chelating-agarose utilized in step (c) is
chelating Sepharose® Fast Flow, although chelating Sepharose®6B is also
satisfactory. The Sepharoses are products of Pharmacia Fine Chemicals,
Piscataway, New Jersey. A preferred method of preparing the preferred
cobalt chelating Sepharose® column for use in this invention is by
suspending the Sepharose® gel in 0.02 M cobalt acetate solution and
washing with deionized water, then an equilibration buffer, i.e. 20mM
sodium phosphate, pH 7.2, 0.5M NaCl solution through the column. Instead
of cobalt acetate, other cobalt salts may be used, e.g. cobalt chioride or
cobalt sulfate. )

The chromatography column comprises one column containing
two layers , the first or top layer contains a metal chelating-Sepharose® gel
and the second or bottom layer contains chelating Sepharose® gel which
has not been treated with a metal salt . The volume ratio in the dual columns
is about 2.3 to 3.0 volumes of metal treated chelating Sepharose® to one
volume of untreated chelating Sepharose®. The preferred metal is cobalt.

The preferred buffer used to equilibrate the columns is a 0.02M
phosphate buffer at pH 7.2-7.5 containing 0.5M sodium chioride.

In step (c) the cobalt chelating-Sepharose® and the untreated
chelating Sepharose® gels are equilibrated with a phosphate buffer at pH
7.2 containing 0.5M sodium chloride, then the adsorbed active IL-4 is
isocratically eluted from the cobalt chelating-Sepharose® through the
untreated chelating -Sepharose® with a 0.02 M phosphate buffer at pH 6.0
with 0.5 M sodium chloride or alternatively with a neutral pH buffer
containing a 0.5M NaCl and of (i) a chelating agent such as 50mMm
EDTA(ethylenediaminetetraacetic acid), or (i) an analog of histidine such as
50mM imidazole, or (iii) an amino acid such as 50mM histidine. Preferred is
the phosphate buffer at pH 6.0 with 0.5M NaCl. The eluate containing active
IL-4 is collected. The fractions with the highest concentrations of active IL-4
based on the conventional SDS-PAGE and protein assays are pooled.
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In step (d) the pooled eluted fractions from step (c) are
concentrated and diafiltered then subjected to gel filtration chromatography.
The eluted fractions are concentrated on a stirred cell fitted with a membrane
which holds all material with greater than 10,000 molecular weight and
diafiltered first against a 0.02 M sodium phosphate buffer, pH 6.0 containing
0.05M EDTA (ethylene diamine tetraacetic acid) and 0.5M NaCl, then 0.01M
sodium citrate; at pH 4.5. Since, at this stage of the process the active IL-4
solution is about 90-95% pure, that is in the concentrated solution retained
on top of the membrane. A preferred membrane is YM-10 manufactured by
Amicon Co., U.S.A. The concentration obtained is up to about 20mg/mL of
active IL-4. The concentrated eluates of active IL-4 are charged to a size
exclusion (gel filtration) column which fractionates proteins in the solution
according to molecular weight. A typical column which is suitable is a
Sephacryl®S-200 HR or S-100 HR(Pharmacia) ge! filtration column. The
Sephacryl®S-200HR(high resolution) and S-100 HR are crosslinked
copolymers of allyldextran and N, N'-methylene bisacrylamide. Their
fractionation ranges are 5,000 - 250,000 and 1,000 - 100,000, respectively.
Other suitable materials are the Sephadexes® (Pharmacia) which are
crosslinked dextran gels. Preferably the solution of active IL-4 is charged to
an S-200 HR column previously equilibrated with a 10 mM sodium citrate
buffer at pH 4.5. Under the conditions of step (d) the stable IL-4 concentrate
can reach up to 20 mg/ml. This increases the capacity and performance of
the gel filtration chromatography. The fractions of eluate containing the
highest concentrations of active IL-4 as determined by the SDS-PAGE and
protein assay are collected and pooled to result in a 95-99% pure- solution of
active IL-4.

The above references are hereby incorporated by reference for
their relevant teachings of materials and methods used in the construction of
the CHO expression system for hiL-4.

CONSTRUCTION AND CHARACTERIZATION OF THE E.
COLI-DERIVED HUMAN Il -4
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A. Construction of the human IL-4 expression plasmid,
pRGT857-11

The construction of the human IL-4 expression plasmids,
PAH3, pKGT269-2 and pUC 19, have been described previously. Lundell et
al.,, J. Ind. Microbiology, 1989 and Yanisch-Perron et al., Gene, 33:103-119,
1985. In order to construct pRGT857-11, PAH3 was digested with the
restriction endonuclease, Aval. The 5' overhang created by this enzyme
was filled in with the Kienow fragment of E. coli Pol I, and the DNA was
digested with Pvul. The 5.8 Kilobase (KB) fragment carrying the IL-4 and
laci regions was ligated to the 1.4 KB Pvull-Pvul fragment of pUC 19,
carrying the pUC origin of replication. Following transformation of E. coli
294, one of the ;ampicillin resistant IL-4 expression plasmids carrying the
pUC origin of replication was pRGT839-2, as shown in Figure 2.

PRGT839-2 and pKGT269-2 were then both digested with Aatll
and Pvul. The 6.7 KB fraagment of pRGT839-2 carrying the IL-4 and lagi
regions was ligated to the small 1 KB fragment from pKGT269-2,, encoding
chloramphenicol resistance. The ligation reaction was used to transform E.
€0li 294. One of lthe resulting transformants was PRGT857-11. As shown in
Figure 2, this IL-4 expression plasmid carries chloramphenicol resistance as
well as the pUC origin of replication. This plasmid was subsequently used
to transform E. coli RL732I.

B. Host Bacterium

The host organism carrying the plasmid, pRGT857-11 which is
used for the production of human IL-4 is E._coli K-12. The strain is E. coli
RL732l, a derivative of E. coli MM294 which has been previously described
by Bolivar et al., Methods in Enzymology, Vol. 68, 245-267, (Ray Wu, ed.),
Academic Press, 1979. This strain conforms with the guidelines established
foran EK1 host. E. coli RL732] was isolated from E. coli MM294 as follows:

A streptomycin resistant form of E. coli MM294, designated E.
coli 294S, was first isolated by transducing the former strain with
bacteriophage P1 cml, cir100 [Miller, J. H., 1972. Experiments in Molecular
Genetics. Cold Spring Harbor Laboratory. Cold Spring Harbor, N.Y.] which
had been grown on E. coli PAM163 [Johnson, B.F. 1977. Fine structure
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mapping and properties of mutations suppressing the ion mutation in
Escherichia coli K-12 and B strains. Genet. Res., 30:273-86].

, E. coli 294S was mutagenized with ultraviolet light to isolate a
strain defective in outer membrane structure. The cells were irradiated for
40 seconds with a UV lamp. This treatment caused 99.9% cell death,
determined by plating on rich medium. The mutagenized cell suspension
was diluted and incubated at 37°C for 3 hours in the dark with shaking.

At his time, T7 wild type bacteriophage were added to 108

plaque forming units per ml. The bacteriophage T7 is used as a selection to

enrich for bacteria having mutations in their outer membranes. Since the T7
receptor is located on lipopolysaccharide, an outer membrane protein, some
outer membrane mutations will result in resistance to T7 infection. Cells
having wild-type outer membranes will be sensitive to infection and thus be
killed off. The leaky phenotype, discussed below, is due to an increased
permeability of the outer membrane. The use of bacteriophage T7
resistance as an indication of outer membrane damage has been shown
previously [Branes et al., J. of Bacteriology, 154:1462-1466, 1983).

Following T7 infection, the flask was shaken at 37°C until cell
lysis was observed (approximately 30 minutes). The T7 resistant cells were
collected b y centrifugation and resuspended in 1 ml fresh broth. These
cells were spread onto TYE (Tryptone:yeast extract: sodium
chloride@20:10:5) agar plates and incubated at 37°C overnight. After 24
hours, each plate contained from 30-50 colonies. These colonies were for
outer membrane damage. One method was to observe any increase in
RNase | leakage to the medium. Single colonies of T7 bacteriophage
resistant clones were streaked across fresh TYE agar plates that had been
overlaid with 4 ml of TYE agar containing 1% yeast RNA (Sigma Corp.) at
pH 7. After overnight incubation at 37°C, the plates were flooded with 1N
HC1. Halo size was used to determine strains leaking RNase activity into
medium [Weigand, R.A. and Rothfield, J. of Bacteriology, 125:340-345,
1976]. A second indicator of outer membrane damage in E. coli is failure to
grow on MacConkey agar [Hancock, R.E.W., Ann. Rev. Microbiol., 38:237-
64, 1984].-One of the thirty T7-resistant colonies shown to be particularly
sensitive to MacConkey ‘agar and able to release substantial amounts of
periplasmic RNase | was designated RL7.
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E. coli RL7 was transformed with the hulL4 expression vector
PAH3 (Fig. 1). This vector directs the lymphokine across the inner cell
membrane into the periplasm. Spent media from transformants was
screened for leakiness by western blot analysis using the hulL-4 polycional
antibody described below. RL7/pAH3 was mutagenized as before with UV
light. After growth in the dark for at least 2 hours, the irradiated cells were
plated on TYE agar plates supplemented with ampicillin (100 pg/ml)
and incubated overnight at 30°C. The colonies werre screened by
"double disc assay" for increased release of hull4 as indicated by
a more intense color development under the mutant colonies. The
double disc assay is performed as follows:

The mutagenized cells were diluted and spread (0.1 ml
per plate) onto TYE agar plates (142 mm diameter) containing 100
ug/ml ampicillin.  After incubation at 30°C overnight, the plates
contained from 500-2000 colonies of approximately 1 mm
diameter. The plates were then covered with a 137 mm
nitrocellulose disc (Schleicher and Schuell) with 0.45p pore size.
The disc was gently applied from one edge to allow gradual and
even wetting. The disc was immediately peeled back in one
motion so that the colonies were lifted from the agar plate onto
the nitrocellullose disc. This disc was nitrocellulose disc (or
discs) previously placed onto the surface of a sterile agar plate.
The plates were then incubated overnight at 30°C. After
incubation, the bottom disc (or discs) was separated from the
colony bearing disc. The filters wre incubated in 10 mM Tris pH
8, 150 mM NaCl and 0.05% (v/v) Tween-20 (Bio Rad, Enzyme
Immuno Assay Purity) (TBST) containing 1% BSA (bovine serum
albumin) at room temperature for 60 minutes. Filters were then
incubated with either rabbit polyclonal antiserum (1:1500
dilution in TBST/BSA; used for dertermination of total hulL-4) or
monocional antiserum (11B4) (1:10 dilution of hybridoma culture
supernatant in TBST/BSA; used for determination of protein in a
native conformation) at room temperature for 30 minutes. The
filters were washed three times in TBST, then incubated with the
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appropriate alkaline phosphatase-linked secondary antibody for
30 minutes. The filters were washed three times and stained
with an alkaline phosphatase substrate (ProtoBlot System by
Progmega Biotec). Blots were then aligned with stock plates and
colonies showing increased hullL4 specific staining were selected.

The suspect colonies were cured of the plasmid by
continuous transfer in non-selective media followed by streaking
on non-selective TYE plates. Colonies that scored negative for
growth on ampicillin plates were checked for absence of plasmid
and then retransformed with the human IL-4 expression plasmid,
pRGT857-11. These clones were screened for increased release
of hulL-4 by dot immuno-blotting whole broths obtained from 10
ml tube fermentations. Detection was by a monoclonal antibody
to human IL-4 (11B4) followed by alkaline phosphatase
conjugated, goat anti-rat IgG. One strain selected as a high
producing strain was designated RL731.

E. coli RL731/pRGT857-11 was mutated with UV light
as before. After the requisite growth in the dark, the cells were
plated on TYE agar supplemented with antibiotic and 1 mM IPTG
(isopropyl B-D thiogalactoside). RL731/pRGT857-11 does not
grow in the presence of the inducing substance, IPTG. Cells were
plated at a density of 104 colony forming units per ml. About 5-10
colonies per plate developed upon overnight incubation. Over 75 colonies
were purified by streaking and checked for hulL-4 production. Production
level was determined by western blot analysis. Clones that showed the
heaviest bands were cured of their plasmid as before, retransformed with
pRGT857-11 and checked for retainment of high production of hulL-4. The
strain picked for most satisfactory characteristics, including production and
leakage of biologically active hulL-4 and continued cell growth after the
induction of hulL-4 expression, was RL732I.

During the fermentation of human Interleukin-4 (rhiL-4), the
product is directly secreted into the fermentation broth. Initial downstream
steps are perfo'fmed to separate the broth fron the cells and then concentrate
the rhiL-4 in the broth. There are two distinct processes to accomplish this
task: a membrane process and a sodium trichloroacetic acid (TCA) process.
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In the sodium TCA process, cells are inactivated by addition of TCA salt.
After removing the cells, the pH of the broth is lowered to precipitate the rhiL-
4, and the broth is centrifuged to recover rhiL-4 in the form of a peliet or
sludge. The membrane process uses both microfiltration and ultrafiltration to
recover rhiL-4 in the form of a liquid concentrate. This process may employ
several washes with buffer to enhance downstream recovery.

Purification of rhiL-4 from a crude concentrate of the
fermentation broth is carried out by performing an immobilized metal affinity
chromatography on a metal chelate column (e.g. with Zn-Sepharose).
Selected fractions are pooled and forwarded to a cation exchange
chromatography step on a sulphonate column (e.g. with S-Sepharose).

The selected fractions are pooled, concentrated and diafiltered
with an ultrafiltration apparatus containing a membrane of appropriate
nominal molecular weight so that the product rémains in the concentrate
(e.g. with Millipore PTGC ultrafiltration membranes). The diafiltered
concentrate is further purified by chromatography on a gel filtration column
(e.g. with S-200 HR). The pooled fractions which constitute the purified bulk
rhiL-4 are then filtered and stored at -20°C or below.

The process for purifying a crude solution of active recombinant
human IL-4 from E. coli thus comprises.

(a) subjecting a buffered crude solution of said IL-4 at a
neutral to a slightly alkaline pH and containing about 0.5 to 1.5 molar
sodium chloride to affinity chromatography on a metal chelating-agarose gel
to selectively bind the IL-4;

(b) washing the column first with a 20mM sodium phosphate
equilibration buffer at pH 7.2 containing 1.0 M sodium chloride, then with the
buffer containing 10% glycerol by volume and about 150 mM of sodium
chloride;

(c) eluting the bound IL-4 with an eluting buifer at an acid
pH or a neutral pH buffer containing a chelating agent, an analog of histidine
or an amino acid;

(d) treating the active IL-4 eluate from step (c) with a cation
exchange chromatography column such as S-Sepharose® (available from
Pharmacia Fine Chemicals) at a near neutral to slightly acid pHand at a
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conductivity of 15 mS,-S-Sepharose® is a cross-linked agarose matrix
having coupled thereto the ion exchange group -CH>-SO3- Nat;

(e) - concentrating the eluate from step (d) with an ultrafiltration
membrane( 10,000 molecular weight cutoff);

() treating the concentrated retentate by gel filtration
chromatography on a size exclusion column; and

(9) collecting the purified active IL-4.

The mostApreferred embodiment comprises the following steps:

(a) charging a crude solution of active recombinant human
IL-4 to an affinity chromatography column of a metal chelating-agarose gel,
preferably chelating Sepharose® Fast Flow, in a neutral to slightly alkaline
pH phosphate buffer containing 1.0M sodium chiloride;

(b) washing the column twice, first with a phosphate buffer at
pH7.2 - 7.5 containing 1.0M sodium chioride, then with the phosphate buffer
containing 10% by volume of glycerol and 150mM sodium chloride;

(c) isocratically eluting the active IL-4 from the column with
an eluting acetate buffer at pH 5.0 containing 0.5M sodium chloride;

(d)subjecting the active 1L-4 eluate in a phosphate buffer at pH
6.75, conductivity 15mS, from step (c) to cation exchange chromatography
on a column such as S-Sepharose® equilibrated with 20mM sodium
phosphate buffer, pH 6.75 and 0.12M sodium chloride;and gradient eluting
with a phosphate buffer at pH 6,75 having 0.12-0.6M NaCl;

(e) concentrating the eluate from step (d) with an ultrafiltration
membrane;

(f) treating the concentrated eluate by gel filtration chromatography
on a size exclusion column eqilibrated with 10mM sodium citrate buffer at
pH 4.5; and

(g) collecting the purified active IL-4 solution.

The preferred E. coli strains used to prepare the active IL-4
purified according to this invention are RL 2117/pRGT857-11 and
RL732l/pRGT857-11.
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The preferred metal chelating-agarose utilized in step (a) is
chelating Sepharose® Fast Flow although chelating Sepharose®6B is also
satisfactory.The Sepharoses are products of Pharmacia Fine Chemicals,
Piscataway, New Jersey. A preferred method of preparing the preferred zinc
chelating Sepharose® column for use in this invention is by pouring the
Sepharose® gel into a chromatography column, washing with deionized
water, then pumping a salt, preferably zinc acetate, solution and deionized
water through the column, then pumping an equilibration buffer, i.e. 20mMm
sodium phosphate, pH 7.2, 1.0M NaCl solution through the column. Instead
of zinc acetate, other zinc salts may be used, e.g. zinc chloride or zinc
sulfate.

The chromatography column is two columns connected in series.
The first or top column contains the zinc chelating-Sepharose® gel and the
second or bottom column contains chelating Sepharose® gel which has not
been treated with a zinc salt or other metal salts. The volume ratio in the
dual columns is about three volumes of zinc treated chelating Sepharose®
to one volume of untreated chelating Sepharose®.

The preferred buffer used to equilibrate the columns isa
phosphate buffer at pH 7.2-7.5 containing 1.0M sodium chloride.

In step (b) a special two-part wash with first as an equilibration
buffer the phosphate buffer at pH7.2 containing 1.0M sodium chloride then
with the sodium phosphate buffer at pH 7.2-7.5 containing10% glycerol and
a low concentration of sodium chloride (150mM) are charged to the column.
The washes remove impurities, including one which is very closely related
and difficult to separate. The active IL-4 remains on the column.

The preferred buffer to maintain the pH of the solution of active IL-
4 is a phosphate buffer at pH 7.2 containing 1.0M sodium chioride. When
the buffered crude active IL-4 solution is run through the columns, the IL-4 is
selectively adsorbed on to the gels.

In step (c) the zinc chelating-Sepharose® and the untreated
chelating Sepharose® gels are equilibrated with a phosphate buffer at pH
6.75 containing 1.0 M sodium chloride then the adsorbed active IL-4 is
isocratically eluted from the zinc chelating-Sepharose® through the
untreated chelating -Sepharose® with an acetate buffer at pH 5.0 with 0.5 M
sodium chloride or alternatively with a neutral pH buffer containing a
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chelating agent such as 50mM EDTA(ethylenediaminetetraacetic acid) or an
analog of histidine such as 50mM imidazole, or an amino acid such as
50mM histidine. Preferred is the acetate buffer. The eluate containing active
IL-4 is collected. The fractions with the highest concentrations of active IL-4
based on the gpnventional SDS-PAGE and protein assays are pooled.

In step (d) the pH of the pooled fractions from step (c) are adjusted
to pH 6.75 and diluted with a 20 mM buffer at pH 6.75 so the conductivity
becomes 15mS. ‘The cation exchange gel material in a chromatography
column is equilibrated with a 20 mM phosphate buffer at pH 6.75 having -
0.12 M sodium chloride. A preferred cation exchange is crosslinked
agarose substituted with -CH2-SO3- Na+ groups, such as S-Sepharose®
Fast Flow available from Pharmacia. The active IL-4 is gradient eluted with
a 20 mM phosphate buffer at pH 6.75 with 0.12-0.6 M NaCl. The fractions
with highest concentrations of active IL-4 based on the SDS-PAGE and
protein assays are pooled.The conditions for cation exchange
chromatography are selected to insure that the active IL-4 fraction will attach
to the cation ekchanger matrix. The near neutral pH 6.75 which is relatively
high for a cation exchange chromatography and the 15mS conductivity
which is relatively high for ion exchange chromatography results in mild
binding conditions where most impurities do not bind to the column, elution
is relatively easy and high purity of the active IL-4 solution is obtained, i.e.
about 90% -95%.

In step (e) the pooled eluted fractions from step (d) are
concentrated on a stirred cell fitted with a membrane which holds all material
with greater than 10,000 molecular weight. This includes active IL-4. Since,
at this stage of the prgcess the active 1L-4 solution is about 90-95% pure,
very little except active IL-4 is in the concentrated solution retained on top of
the membrane.. A preferred membrane is YM-10 manufactured by Amicon
Co., U.S.A. The concentration obtained is up to about 20mg/mL of active IL-
4, ‘ o
In step (f) the pooled, concentrated eluates of active IL-4 from step
(e) are charged to a size exclusion gel filtration column which fractionates
proteins in the solution according to molecular weight. A typical column
which is suitable is a Sephacryl®S-200 HR or S-100HR(Pharmacia) gel
filtration columa. The Sephacryl®S-200HR(high resolution) and S-100HR
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are crosslinked copolymers of allyldextran and N, N'-methylene
bisacrylamide. Their fractionation range in Daltons is 5,000 - 250,000 and
1,000 - 100,000, respectively. Other suitable materials are the
Sephadexes® (Pharmacia) which are crosslinked dextran gels. Preferably
5  the solution of active IL-4 is charged to an S-200 HR column previously
equilibrated with a 10 mM citrate buffer at pH 4.5. Under the conditions of
step (g) the stable IL-4 concentrate can reach up to 20 mg/ml. This
increases the capacity and performance of the gel filtration chromatography.

The fractions of eluate containing the highest concentrations of

10 active IL-4 as determined by the SDS-PAGE and protein assay are collected
and pooled to result in a 95-99% pure solution of active IL-4.

The buffers utilized in this process are chosen because they
provide the proper conditions of binding, washing and elution to enable the
active IL-4 either to adsorb to the chromatography gels or elute selectively

15 therethrough. The preferred buffers are sodium phosphate buffers at a
concentration of 20 mM or sodium citrate or sodium acetate buffers at the
concentrations and pHs as shown in the examples, as well as the specific
amount of sodium chioride indicated. The pH is adjusted with sodium
hydroxide or acid. In the two part wash of step (b), the first wash is with

20  a20mM sodium phosphate equilibration buffer at pH 7.2 containing 1.0M
sodium chloride. and the second wash is with the phosphate buffer
containing about 150mM sodium chloride and10% glycerol which is
required in the second wash buffer.

The concentration of the sodium chloride in the buffers used with

25  the zinc chelating-Sepharose columns is critical to this invention because
high salt, preferably 1M sodium chloride, improves the recovery of
solubilized active IL-4 from a trichloroacetic acid (TCA) pellet as well as
enhances active IL-4 binding to the metal chelating Sepharose. The
concentration enables the IL-4 to be more selectively adsorbed to the zinc

30 chelating Sepharose column than impurities in the fermentation broth.

The bulk IL-4 was then prepared for injection by thawing and
diluted with sterilized water and/or 10 mm citrate buffer.
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Example 1
PREPARATION OF S-SEPHAROSE® FAST FLOW COLUMN
Prepare two cation exchange columns with S-Sepharose® Fast
5 Flow cation exchange resin in a buffer of 20mM sodium phosphate, pH 7.2,
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and 0.12M NaCl. The first column is a 1.5L column, 100 mm in diameter
and 45 cm in height and the second column is a 0.25L column, 50 mm in
diameter and 300 mm in height. The smaller column has 15% of the bed
volume of the larger column when each column is fully charged with the
cation exchange gel. The columns are loaded as follows: Siurry S-
Sepharose® Fast Flow gel cation exchange resin in a buffer composed of
20mM sodiumphosphate, pH 7.2, and 0.12M NaCl. Pour the gel into the
appropriate chromatography column, allow the liquid to flow or pump it
through the bottom of the column. )

Place a top flow adapter on the column and equilibrate the gel
with 5 bed volumes of a buffer composed of 20 mM sodium phosphate, pH
7.2, 0.12M NaCl, by pumping the buffer through the column at a linear
velocity. of app}oximately icm/min. Adjust the top flow adapter to press firmly
on top of the resin bed. Then pump at least 5 bed volumes of a buffer
composed of 20 mM sodium phosphate, pH 7.2, 0.12M NaCl, through the
column at a linear velocity of approximately 1 cm/min and if necessary
continue pumping the buffer through the column at the same flow rate until
the pH of the effluent is between 7.1and 7.3. Adjust the bed volumes of the
columns so the smaller column has 15% the bed volume of the larger
column.

Example 2
PREPARATION OF COBALT CHELATING-
SEPHAROSE® FAST FLOW

Suspend chelating Sepharose®Fast Flow gel in 5 volumes of 0.02
M cobalt acetate and let stand overnight with occasional stirring. Wash the
gel on a Buchner funnel with deionized water, then wash the gel with a
buffer of 0.02M sodium phosphate, pH 7.2, containing 0.5 M NaCl. Then
slurry the gel in 0.5 gel volumes of 0.02 M sodium phosphate buffer at pH
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7.2, containing 0.5 M NaCl. Pour 190 mL of the cobalt charged gel into a
column 50 mm in diameter and 300 mm in height and pump the liquid
through the column. Place a top flow adapter on the column and equilibrate
the gel by pumping 0.02 M sodium phosphate buffer at pH 7.2, containing
0.5 M NaCl through the column at approximately 1 cm/min. Place a flow
adapter on top of the column.

Example 3
PREPARATION OF CHELATING SEPHAROSE®FAST FLOW
(NOT TREATED WITH A METAL SALT)

Slurry Chelating Sepharose®Fast Fiow gel in a buffer composed
of 20mM sodium phosphate at pH7.2 with 0.5 M NaCl. Pour 75 mL of the gel
into the chromatography column from Example 2 so that the gel not treated
with the metal salt settles in a uniform layer on the top of the cobalt charged
gel. Place a flow adaptor on the column and equilibrate the gel with 0.02M
sodium phosphate buffer at pH 7.2 containing 0.5 M NaCl.

Example 4
EQUILIBRATION OF COBALT CHELATING-SEPHAROSE®
COLUMN

After the cobalt chelating Sepharose® Fast Flow and the untreated
chelating Sepharose®column is prepared according to Examples 2 and 3,
invert the column so the cobalt treated resin is on top of the untreated resin.
Continue pumping the buffer, i.e. 0.02 M sodium phosphate, pH 7.2, 0.5 M
NaCl, through the column until the pH of the effluent is between 7.1and 7.3.

Example 5
PREPARATION OF SEPHACRYL®S-200 HR COLUMN
Pump at least 1 bed volume of a buffer composed of 10 mM
sodium citrate, pH 4.5, through the S-200 HR gel in a 1.8L chromatography

column, 50 mm diameter, 100 cm height, at a linear velocity of approximately
0.2 cm/min to equilibrate the column.
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Mix together in deionized water 2.78 g/L sodium phosphate
monobasic monohydrate, 7.03 g/L sodium chloride and sufficient amount of
6.3N sodium hydroxide to adjust the pH to 7.2(x0.1).

(b) 0.02M Sodium Phosph H7.2 0.26M ium Chlori
Mix together in deionized water 2.78 g/L sodium phosphate
monobasic monohydrate and 15.19 g/L sodium chloride. Adjust the pH to
7.2 (£0.1) with 6.3N sodium hydroxide. )

02M ium Phosph H72 050M ium Chlori
Mix together in deionized water 2.78 g/L sodium phosphate
monobasic monohydrate, 29.22 g/L sodium chloride and sufficient amount of
50% NaOH to adjust the pH to 7.2(10.1).

(d) 0.02M Sodium Phosphate. pH 6.0, 0.05M EDTA, 0.5 M

Mix together in deionized water 2.78 gm/L sodium phosphate
monobasic monohydrate and 19 g/L tetrasodium EDTA and 29.22 g/L
sodium chloride. Adijust the pH to 6.0 (+0.1) with 6.3N sodium hydroxide/4N
HCI.

(e) 10mM ium Citr H4.

Mix 210 grams (2.1 g/L) citric acid monohydrate with 100L
deionized water until the citric acid monohydrate is dissolved. Adjust the pH
of the buffer to 4.5 with 4N hydrochloric acid and 6.3N sodium hydroxide, if
needed. This buffer is used for diafiltration and ultrafiltration as well as for
gel filtration chromatography.
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(f) 20. mM ium Phosph H7

Mix 278 grams sodium phosphate monobasic monohydrate with
100L deionized water and agitate until dissoived. Adjust the pH of the buffer
to pH 7.2 with 50% NaOH and to a conductivity of 2-4mS.

Example 7
CATION EXCHANGE CHROMATOGRAPHY TREATMENT
OF CRUDE IL-4 SOLUTION

Adjust the crude IL-4 containing cell culture medium (total protein
about 14,000g) to pH 7.2 (*0.1) and adjust its conductivity to 14 mS(+1).
Pump the solution through the S-Sepharose® ¢ation exchange column at a
linear velocity of approximately 1.0 cm/min or less. Wash the column with
the buffer prepared in Example 6(a). Isocratically elute the column with the
buffer prepared in Example 6(b) at a linear velocity of approximately 0.2
cm/min. Collect the fractions which contain active IL-4 as determined by the
SDS-PAGE and protein assays and pool them. The purity of the pooled
active 1L-4 is about 50%.

Example 8
GRADIENT ELUTION OF PARTIALLY PURIFIED ACTIVE IL-4
SOLUTION ON CATION EXCHANGE COLUMN

Adijust the pH of the pooled active IL-4 solution made according to
Example 7 to 7.2 (+0.1) with either 4NHCI or 6.3N NaOH as required. Adjust
the conductivity of the solution with the buffer prepared in Example 6(f) to
14mS (x 1).

Pump the solution through an S-Sepharose® column as
prepared in Example 1 at a linear velocity of approximately 1cm/min or less.
Collect the flow-through solution in one fraction.

Elute the column using a gradient of approximately 1.75 mS
per bed volume and a linear flow rate of approximately 0.2 cm/min.
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The Jow salt buffer used in the gradient is that made in Example
6(a), and the high salt buffer used in the gradient is that made in Example
6(c). '

Collect 5 large fractions, each with a volume of approximately 0.5
bed volumes. Collect the remaining fractions (about 40-50) in volumes of
0.1 bed volumes.

Analyze the fractions for active IL-4 by the SDS-PAGE and protein
assays. Pool the active IL-4 fractions. The purity of the pooled active IL-4
solution is about 60% to 70%.

Example 9
COBALT CHELATING SEPHAROSE® CHROMATOGRAPHY
PURIFICATION OF ACTIVE RECOMBINANT HUMAN INTERLEUKIN-4

Adjust the pH of the IL-4 solution from Example 8 to 7.2 (+0.1) with
4N HCI and/or 6.3N sodium chloride. Adjust the conductivity of the solution
to 45-50 mS.

Clarify the solution if necessary by centrifugation or microfiltration.
Pump the solution (about 3.3 mg protein per mL gel) through the cobalt
chelating Sepharose®Fast Flow and untreated chelating Sepharose® Fast
Flow columns as prepared in Example 4 at a linear velocity of approximately
0.5 cm/min. Collect the flow-through in one fraction.

~ Wash the columns with approximately 10 bed volumes of the
buffer prepared in Example 6(c) at a linear velocity of approximately 0.5
cm/min and collect the wash in no more than 5 fractions, then elute the
column with approximately 10 bed volumes of the buffer made in Example
6(d) at a linear velocity of approximately 0.5 cm/min. Collect fractions with a
volume of approximately 0.2 bed volumes. Analyze each sample for active
IL-4 with SDS-PAGE and protein assays and pool the active IL-4 fractions..

The purity of the active IL-4 solution treated according to this
Example 9 is about 90 - 95%.
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Example 10
ULTRAFILTRATION AND CONCENTRATION

Concentrate the pooled fractions from Example 9 using an Amicon
stirred chamber fitted with a YM-10 membrane by placing the pooled
fractions from Example 9 containing active human IL-4 in a container and
adding approximately 0.25 volumes of the buffer prepared in Example 6(d).
Concentrate the volume to approximately 0.2 the original volume by
ultrafiltration on the YM-10 membrane. Dilute the concentrated retentate
with 4 volumes of the buffer prepared in Example 6(e) and concentrate it to
approximately 0.2 volumes by ultrafiltration on the YM-10 membrane.

The concentration step can be repeated to achieve approximately
0.1 the volume of the initial pooled fractions. Transfer the concentrate to an
appropriate container and hold at cold room temperature for immediate use
or store frozen at -20°C.

Example 11
GEL FILTRATION CHROMATOGRAPHY (SIZE EXCLUSION)

Equilibrate a Sephacryl® S-200 HR column with the buffer
prepared in Example 6(e) by pumping at least one bed volume of the buffer
through the column at a linear velocity of approximately 0.2 cm/min.

Clarify the solution made in Example 10 by centrifugation on a
laboratory centrifuge at 4500 rpm for 30 minutes at 2°C-6°C. Measure the
Azgp and dilute the solution with the buffer prepared in Example 6(e) so
there are 5 optical density units at 280 nm per mL.

Pump the resulting solution onto a Sephacryl® S-200 HR column
at a linear velocity of approximately 0.1 cm/min. Continue pumping the
buffered of Example 6(e) through the column at a flow rate of approximately
0.1 cm/min. Collect one large fraction having a total volume of 0.4 to 0.55
bed volume, then collect 50 fractions of approximately 0.01 bed volume.

Select the fractions with the active IL-4 as determined by SDS-
PAGE and protein assay. Pool the active IL-4 fractions and filter through a
0.2 micron sterile filter. Recover the filtrates which are 95% to 99% pure
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active IL-4 solutions as evidenced by the SDS-PAGE assay.. The overall
yield based on the active IL-4 in the cell culture medium is 70%.

All the assays used to determine the active fractions of interleukin-
4 are conventional. For UV absorbance at 280nm measurement of purified
IL-4, 1.0 Aagg Optical Density Unit (OD) is equivalent to 1.6 mg by amino
acid composition analysis and to 2.0 mg by Lowry's Method.

Example 12
PREPARATION OF ZINC CHELATING-
SEPHAROSE® FAST FLOW

Slurry chelating Sepharose®Fast Flow gel in deionized water. To
prepare a 3 liter column, pour the slurry into a chromatography column 500
mm high with a diameter of 180 mm. Allow the liquid in the column to flow or
pump it through the bottom of the column.

Place’a top flow adaptor on the column and pack/wash the gel
with deionized water. Pump the water through the column at a linear
velocity of approximately 1 cm/ min.  Adjust the top flow adaptor to press
firmly on top of the resin bed. Pump at least 5 bed volumes of deionized
water through the columns at a linear velocity of approximately 1 ecm/ min.

Pump approximately 5 bed volumes of 0.023 M zinc acetate
solution through the column at a linear velocity of approximately 1
cm/minute. Pump approximately 10 bed volumes of deionized water
through the column at a linear velocity of approximately 1 cm/ min.

Continue pumping the phosphate buffer solution through the
column at a linear velocity of approximately 1.0 cm/min. until the pH of the
effluent is between 7.1-7.3

o Example 13 ,
PREPAB:ATION OF CHELATING SEPHAROSE®FAST FLOW
(NOT TREATED WITH A METAL SALT)

Slurry Chelating Sepharose®Fast Flow gel in a buffer composed
of 20mM sodium phosphate at pH7.2 with 1.0M NaCl. To prepare a 1 liter
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column pour the gel into a chromatography column of 140 mm diameter and
500 mm height and elute from the bottom of the column. Equilibrate the gel
with approximately 5 bed volumes of a buffer composed of 20 mM sodium
phosphate at pH 7.2 with 1.0M NaCl. Pump the buffer through the column at
a linear velocity of approximately 1 cm/min. Continue pumping the buffer
through the column at the same flow rate until the pH of the effluent is
between 7.1 and 7.3.

Example 14
PREPARATION OF COLUMNS IN SERIES

After the zinc chelating Sepharose® Fast Flow and the untreated
chelating Sepharose®columns are prepared according to Examples 12 and
13, connect the columns in series so the flow is first into the zinc chelating
column and then into the non-zinc (untreated) chelating column. A bubble
trap should not be inserted between the columns.

Example 15
PREPARATION OF S-SEPHAROSE®COLUMN

Slurry S-Sepharose gel cation exchange resin in a buffer
composed of 20mM sodium phosphate, pH 6.75, 0.12M NaCl and 0.001M
ethylene diamine tetraacetic acid (EDTA). Pour the gel into a
chromatography column, 100 mm diameter, 45 ¢m height and allow the
liquid to flow or pump it through the bottom of the column.

Place a top flow adapter on the column and equilibrate the gel
with 5 bed volumes of a buffer composed of 20 mM sodium phosphate, pH
6.75, 0.12M NaCl, 0.001M EDTA, by pumping the buffer through the column
at a linear velocity of approximately 1cm/min. Adjust the top flow adapter to
press firmly on top of the resin bed. Then pump at least 5 bed volumes of a
buffer composed of 20 mM sodium phosphate, pH 6.75, 0.12M NaCl,
0.001M EDTA through the column at a linear velocity of approximately 1
cm/min and if necessary continue pumping the buffer through the column at
the same flow rate until the pH of the effluent is between 6.6 and 6.9. -
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Example 16
PREPARATION OF SEPHACRYL®S-200HR COLUMN

Pump at least 1 bed volume of a buffer composed of 10 mM
sodium citrate, pH 4.5, through the S 200 HR gel in a chromatography
column, 50 mm diameter, 100 cm height, at a linear velocity of approximately
0.2 cm/min to equilibrate the column.

Example 17
PREPARATION OF BUFFERS

(a) 0.02M Sodium Phosph H72 1.0M ium Chlori

Mix together in deionized water 2.78 g/L sodium phosphate
monobasic monhydrate, 58.44 g/L sodium chloride and sufficient amount of
6.3N sodium hydroxide to adjust the pH to 7.2(£0.1). The batch should be
large enough to provide at least 30 liters per liter of the gels in the metal
chelating Sepharose® columns.

(b) 0.02M Sodium Phosphate, pH 7.2, 0.15M Sodium Chioride, 10%

lvcerol

Mix together in deionized water 2.78 g/L sodium phosphate
monobasic monohydrate and 8.76 g/L sodium chloride. Adjust the pH to 7.2
(£0.1) with 6.3N sodium hydroxide. Add sufficient glycerol to provide 0.1 L/L.
Prepare sufficient amount of the buffer to provide at least 6 liters per liter of
the gel with-which it will be used.

(c) 0.02M Sodium Acetate, pH 5.0, 0.5M Sodium Chiloride

Mix together in deionized water 1.15 mi/L of 99.7% acetic acid and
29.2 g/L sodium chloride. Adjust the pH to 5.0 (0.1) with 6.3N sodium
hydroxide. Prepare sufficient amount of the buffer to provide at least 10
liters per liter of the gel with which it will be used.
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(d) 0.03M Sodium Phosphate, pH 7.0. 0.003M EDTA

Mix together in deionized water 4.17 gm/L sodium phosphate
monobasic monohydrate and 1.14 g/L tetrasodium EDTA. Adjust the pH to
7.0 (£0.1) with 6.3N sodium hydroxide. Prepare sufficient amount of the
buffer to provide at least 2 liters per liter of gel

(e) 10mM Sodium Citrate, pH 4.5

Mix 210 grams (2.1 g/L) citric acid monohydrate with 100L
deionized water until the citric acid monohydrate is dissolved. Adjust the pH
of the buffer to 4.5 with 4N hydrochloric acid and 6.3N sodium hydroxide, if
needed. This buffer is used for diafiltration and ultrafiltration as well as for
gel filtration chromatography. )

Example 18
PURIFICATION OF ACTIVE RECOMBINANT HUMAN
INTERLEUKIN-4
(Zinc chelating Sepharose® chromatography)

Concentrate 700 liters of a fermentation broth in which active
human recombinant IL-4 is dissolved to 20 liters, then subject the solution to
a 25-fold diafiltration against the buffer of Example 17(a). Adjust the pH of
the solution to 7.2 (+0.1) with 4N HCI and/or 6.3N sodium chloride. Adjust
the conductivity of the solution to 70-90 mS.

Clarify and concentrate the solution by filtration. Wash the filter
with the buffer of Example 17(a) to return the volume of the solution to 20
liters.

Pump the solution through the zinc chelating Sepharose®Fast
Flow and untreated Sepharose® Fast Flow columns at a linear velocity of
approximately 0.5 cm/min. Collect the flow-through in one fraction.

The columns must be washed twice, first with approximately 10
bed volumes of the buffer prepared in Example 17(a) at a linear velocity of
approximately 0.5 cm/min and collect the wash in no more than 5 fractions,
then with approximately 5 bed volumes of the buffer made in Example 17(b)
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at a linear velocity of approximately 0.5 cm/min and collect the wash in 1
fraction.

Elute the active IL-4 from the column with approximately 8 bed
volumes of the buffer made in Example 17(c) at a linear velocity of
approximately 0.25 cm/min. Collect fractions with a volume of approximately
0.2 bed volumes in separate containers containing as a diluent 0.5 mi per mi
to be collected of the buffer made in Example 17(d).

Test each sample for active IL-4 with SDS-PAGE and protein
assays.

The purity of the active IL-4 solution treated according to this
Example 18 is about 20%-40%. The yield of active IL-4 based on the
amount in the crude fermentation broth is 90%.

Example 19
PREPARATION OF BUFFERS FOR S-SEPHAROSE®
CHROMATOGRAPHY

(a) 20 mM Sodium Phosph H6.75. 0.12M ium Chlori
0.001M EDTA

Charge 2.78 g/L sodium phosphate monobasic monohydrate, 7.03
g/L sodium chloride, 0.38 g/L tetra sodium EDTA and 1 L/L of deionized
water into an appropriate container and agitate until dissolved.

Adjust the pH of the buffer solution to 6.75 (£0.1) with 6.3N sodium
hydroxide.

(b) 20mM Sodium Phosphate, pH 6.75 0.55M Sodium Chloride,
0.001M EDTA

Charge 2.78 g/L. sodium phosphate monobasic monohydrate,
32.14 g/L sodium chloride, 0.38 g/L tetra sodium EDTA and deionized water
into an appropriate container and agitate until dissolved. Adjust the pH of
the buffer solution to 6.75 (+0.1) with 6.3N sodium hydroxide.
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(c) 20mM Sodium Phosphate, pH 6.75. 0.001M EDTA

Charge into a container sufficiently large to hold 2.78 g/L sodium
phosphate monobasic monohydrate, 0.38g/L tetra sodium EDTA and
deionized water. Agitate until dissolved and adjust the pH of the buffer to
6.75 (£0.1) with 6.3N Na OH as required.

Example 20
GRADIENT ELUTION OF PURIFIED ACTIVE INTERLEUKIN-4
SOLUTION ON CATION EXCHANGE COLUMN.

Adjust the pH of the active IL-4 solution made according to
Example 7 to 6.75 (£0.1) with either 4NHCI or 6.3N NaOH as required.

Filter through a 0.45 micron filter. Wash the filter with
approximately 1 liter of the buffer prepared in Example 19(c).

Adjust the conductivity of the resulting solution to 15 (+ 0.5 mS)
with the buffer solution prepared in Example 19(c)

Pump the solution through an S-Sepharose® column as
prepared in Example 4 at a linear velocity of approximately 1cm/min or less.
Collect the effluent solution in one fraction.

Wash the column with approximately 5 bed volumes of the buffer
solution prepared in Example 19(a) at a linear velocity of approximately 1.0
cm/min or less.

Collect the wash in 1 fraction. Elute the column using a gradient of
approximately 4.5 mS per bed volume and a linear flow rate of
approximately 0.2 cm/min.

The low salt buffer used in the gradient is that made in Example
19(a), at 5 bed volume and the high salt buffer used in the gradient is that
made in Example 19(b), at 5 bed volume.

Collect 5 large fractions, each with a volume of approximately
0.8 bed volumes.

Collect the remaining fractions (about 40-50) in volumes of 0.1
bed volumes.

Test the fractions for active IL-4 by the SDS-PAGE and protein

_ assays.
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Pool the active IL-4 fractions. The yield of active IL-4 based on
the amount of active IL-4 in the zinc chelating pooled eluates is 90%.
The purity of the active IL-4 solution is about 90% to 95%.

‘ Example 21
ULTRAFILTRATION AND CONCENTRATION

Concentrate the pooled fractions from Example 20 using an
Amicon stirred chamber fitted with a YM 10 membrane by placing the pooled
fractions from Example. 20 containing active human IL-4 in a container and
concentrating the volume to approximately 0.1 the original volume by
ultrafiltration on a YM-10 membrane. Dilute the concentrated retentate with
4 volumes of the buffer prepared in Example 17(e) and concentrate it to
approximately 0.2 volumes by ultrafiltration on a YM-10 membrane.

The concentration step can be repeated to achieve approximately
0.1 the volume of the initial pooled fractions. Transfer the concentrate to an
appropriate container and hold at cold room temperature or store frozen at -
20°C. :

Example 22
GEL FILTRATION (SIZE EXCLUSION)

Clarify the solution made in Example 21 by centrifugation on a
laboratory centrifuge at 4500 rpm for 30 minutes at 2°C-6°C. Measure the
Aogp and dilute the solution with the buffer prepared in Example 17(e) so
there are 15Azgg/ml.

- Pump the resulting solution onto a Sephacryl® S-200 HR column
at a linear velocity of approximately 0.1 cm/min. Continue pumping the
buffer of Example 17(e) through the column at a flow rate of approximately
0.1 cm/min. Collect five fractions having a total volume of 0.4 to 0.55 bed
volume, then collect 50 fractions of approximately 0.01 bed volume.

Select the fractions with the active IL-4 as determined by SDS-
PAGE and protein assay. Pool the active IL-4 fractions and filter through a
0.2 micron sterile filter. Recover the filtrates which are 95% to 99% pure
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active IL-4 solutions. The overall yield based on the active IL-4 in the
fermentation broth is 70-80%.

The purity of the recovered active IL-4 is 95-99% as evidenced by
the SDS-PAGE assay.

All the assays used to determine the active fractions of interieukin-
4 are conventional. The assays required for selecting active fractions from
the eluates are the UV absorbance at 280nm measurement. For purified IL-
4, 1.0A2g0 Optical Density Unit (OD) is equivalent to 1.6 mg by amino acid
composition analysis and to 2.0 mg by Lowry's Method.

SDS-PAGE assay is also required for selecting active fractions.
This method is discussed in Laemmli, U. K., Nature, 227 : 680 (1970).

Lowry's Method is described in Lowry et al., J. Biol. Chem.

While the present invention has been described in connection with
certain specific embodiments, it will be evident to one of ordinary skill in the
art that many alternatives, modifications and variations may be made. All
such alternatives, modifications and variations are intended to be included
within the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A method for increasing the numbers of neutrophils in a
mammal comprising administering to said mammal an effective amount of
IL-4 for such purpose.

2. The method of claim 1 wherein the mammal is
immunocompromised or has been subjected to radiation treatment or
chemotherapy.

3. The method of claim 1 wherein said mammal is a human.
4. The method of claim 1 wherein said IL-4 is human IL-4.

5. The method of claim 1 wherein the IL-4 is administered in
combination with at least one other white blood cell increasing agent.

6. The method of claim 5 wherein said other white blood cell
increasing agent is selected from granulocyte-macrophage colony
stimulating factor, granulocute-colony stimulating factor, IL-1, IL-2, IL-3, IL-5,
IL-6, or interferon alpha.

7. The method of any one of claims 1 to 4 wherein the IL-4 is
administered in combination with at least one chemotherapeutic agent.

8. The method of claim 7 wherein the chemotherapeutic agent is
selected from an alkylating agent, mitotic spindle poison or anti-tumor
antibiotic.

9. A method for treating myeloid or monocytoid leukemia in a
mammal comprising administering to said mammal an effective amount of
IL-4 for such purpose.
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10. A method for inducing maturation of immature myeloid or
monocytoid cells in a mammal comprising administering to said mammal an
effective amount of IL-4 for such purpose.

11. Use of IL-4 in the manufacture of a pharmaceutical
composition for increasing the numbers of neutrophils in a mammal.

12. Use of IL-4 in the manufacture of a pharmaceutical
composition for treating myeloid or monocytoid leukemia in a mammal.

13. Use of IL-4 in the manufacture of a pharmaceutical
composition for inducing maturation of immature myeloid or monocytoid
cells in a mammal.

14. A process for purifying a crude solution of active recombinant human
interleukin-4, comprising

(a) Charging said crude solution of IL-4 buffered at a neutral
to slightly alkaline pH and containing about 0.5-1.5M sodium
chioride to a metal chelating agarose gel chromatography
column to selectively bind the active recombinant human
interleukin-4 to the column:

(b) washing said column twice, first with an equilibration buffer
containing 1.0M sodium chloride and then with a buffer
containing 10% glycerol and 0.15M sodium chloride;

(c) eluting the bound active recombinant human interleukin-4
from the column with an eluting buffer at about pH 4.5 to 5.5;

(d) charging the active human IL-4 solution from (c) in a buffer
to chromatography on a cation exchanger and gradient eluting
a buffered solution of the active human IL-4 from the column;
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(e) concentrating the eluate from (d) on a stirred cell membrane
that allows matter of less than 10,000 molecular weight to pass;

(f) subjecting the concentrate from (e) to size exclusion
chromatography ; and

(g) recovering the purified solution of active recombinant
human interleukin-4.

15 The process of Claim 14 wherein in step (a) the buffer is a phosphate
buffer of pH 7.5 and the sodium chioride concentration is 1M.and the metal
chelating gel column is a zinc chelating agarose gel.

16 The process of any of Claims14 or 15 wherein in step (b) the buffer is a
0.02mM sodium phosphate at pH 7.2 also having 150mM sodium chloride
therein.

17. The process of any of Claims 14, 15 or 16 wherein in step (c) the eluting
buffer is a 0.02mM sodium acetate buffer with 0.5M sodium chloride and pH
5.0.

18. The process of any of Claims 14, 15, 16 or 17 wherein in step (d) the
charging buffer is a 20mM phosphate buffer at pH 6.75 with 0.12M sodium
chloride and the eluting buffer is a 20mM phosphate buffer at pH 6.75 with
about 0.12 - 0.55M sodium chloride.

19. The process of any of Claims 14, 15 16 17 or 18 wherein the
concentration of step(e) is accomplished by diafiltration against 10mM
sodium citrate buffer at pH 4.5 to a concentration of up to 20mg/mL.

20. A process for purifying a crude solution of active recombinant human
interleukin-4 expressed from CHO-cell lines, comprising

(a) charging said crude solution of active IL-4 buffered at a
neutral to slightly alkaline pH and 13 to 15 mS to cation
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exchange chromatography on a cross-linked agarose gel
matrix column to selectively bind the active recombinant
human interleukin-4 to the column, washing with an
equilibration buffer and isocratically eluting the active IL-4 from
the column;

(b)  charging the active human IL-4 solution from (@)ina
buffer to chromatography on a smaller cation exchange column
having about 15% the bed volume of the cation exchange
column in (a), washing with an equilibration buffer, gradient
eluting the bound active IL-4 from the column with a buffer
System at pH 7.2, containing 0.12 - 0.50M sodium chioride and
pooling the active eluates;

()  adjusting the pH of the eluate pool to pH 7.2 and the
conductivity to 45 - 50mS, then charging the pooled eluates to
a metal chelating agarose gel column in a buffer at about pH
6.7 to 8 and containing about 0.5M sodium chloride, then
washing the column with a buffer at near neutral PH containing
0.5M sodium chloride, then isocratically eluting the active IL-4
with a buffer at pH 6.0 containing 0.50M sodium chioride:

(d)  concentrating and diafiltrating the eluate from (c) at pH
4.5 on a stirred cell membrane that allows matter of less than
10,000 molecular weight to pass;

(e)  charging the concentrate from (d) to size exclusion
chromatography column on a crosslinked coplymer gel of
allyldextran and N,N-methylene bisacrylamide equilibrated
with a buffer system at pH 4.5; and

(f) collecting the purified solution of active recombinant human
interleukin-4.
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21. The process of Claim 20 wherein in step (a) the equilibration buffer is
20mM sodium phosphate at pH 7.2, containing 0.12M sodium chloride
concentration.

22. The process of Claim 20 or 21 wherein in step (b) the eluting buffer is a
20 mM sodium phosphate at pH 7.2 having 0.12-0.50M sodium chloride
gradient therein and the metal chelating gel column is a cobalt chelating
agarose gel.

23. The process of any of Claims 20 21 or 22 wherein in step (c) the eluting
buffer is a 20 mM phosphate buffer at pH 6.0 containing 0.50M sodium
chloride.

24. The process of any of Claims 20, 21, 22 or 23 wherein the concentration
of step(d) is accomplished by diafiltration against 10mM sodium citrate buffer
at pH 4.5 to a concentration of up to 20mg/mL.

25. The process of any of Claims 20, 21, 22, 23 or 24 wherein in step (e)
the column is equilibrated with 10 mM sodium citrate.

(53
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