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IMMUNOLOGIC DIFFERENTIATION BETWEEN E. COLI AND CHO CELL-
DERIVED RECOMBINANT AND NATURAL HUMAN §-INTERFERONS!

C. B. COLBY.** MASAFUMI INOUE.* MICHAEL THOMPSON.' anp Y. H. TANY

~om the *Cetus Corporation. Emeryutlle: and the ‘Department

of Medicat Blochemistry & Microbiology. Faculty of Medictne.

Untversity of Calgary. Calgary. Alberta. Canada. T2N 4N|

The products of the human [FN-8 gene expressed
i E. coll, Chinese hamster ovary {CHO) cells, and
suman fibroblasts appear similar when purified on
s wonoclonal antibody column and analyzed by
reverse-phase HPLC, indicating little difference in
tbeir hydrophobic nature. SDS-PAGE differentiates
L coli-rHulFN-f, (M, = 17,000} from CHO-rHulFN-4
and HUlFN-8 (M, = 23,000), with glycosylation ac-
counting for 26% of the apparent m.w. of the latter
two proteins. CHO-rHuIFN-4 is prefereatially neu-
rilized by mouse monoclonal and monospecific
nbbit polyclonal anti-HuIFN-4 ant{bodies. whereas
L coli-rHulFN-8,, is preferentially neutralized by
gost polyclonal anti-E. col{-rHulFN-8 antibodies. Ad-
sorption measurements by a sensitive radioimmu-
soassay indicate that the binding of the three pro-
trins to anti-HulFN-4 antibodies is similar. The re-
sults show that all three molecules can be differen-
tisted by the heteroclitic cross-reactivities of anti-
HuIFN-8 and ant-E. coli-rHulFN-g antibodies to the
antigens.

The HUIFN-8* gene has been cloned and expressed In
E coll (1~4). The bactertally produced E. colt-tHulFN-8
Bunglycosylated and therefore has a smaller m.w. than
the glycosylated HulFN-8. The biologic activity of E. colt-
THulFN-4 is unstable, but It can be stabilized by replacing
the cystetne at residue number 17 with a serine residue
B). The lack of glycosylation of E. coli-rHulFN-4 has
faused a question concerning the role of glycosylation. tf
Any. in the blologic actions and physiochemical proper-
Ues of this molecule. Thus far, a comparison of both the
balogic actuvity of E. coll-rHUIFN-fu and HulFN-# indi-
Qte litdle difference between the two molecules (S). How-
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— Uons used I this paper: HUlFN. human Interferon. rHWFN,
Binant human (nterferon: HulFN-«. humao leukocyte interferon:

€ver. a key question of whether the bacterial [FN Is as
cfficacious and as safe as HulfFN-8 produced by human
fibroblasts remains unanswered. This has led a number
of investgators to express the HulFN-§ genes (n glycosy-
lating systems such as Chinese hamster ovary (CHO,
cells. mouse cells. or insect cells {6-13). The CHO cells.
transfected by the HulFN-g8 gene linked to appropriate
promoters. have been shown to produce 10 to 200 times
more [FN than the amount produced in human fibro-
blasts. This recombtnant HufFN-3 product s glycosyi-
ated. having a simflar m.w. to the “natural” HulFN-3
produced by human fibroblasts (6).

The biologic properties of the HulFN-8 gene expressed
in human fibroblast. CHO cells, and E. colf are remark-
ably stmilar (5, 6). We have examined the interactions
between highly purtfied preparations of these three IFN
with three different immunologic reagents: a mouse mon-

“oclonal antbody and monospectfic rabbit polyclonal anu-

bodies were ratsed in response o native HuwFN-§ as
{mmunogen. and goat polyclonal antibodies were pre-
pared by using E. colt-rHulFN-8 as {mmunogen. We report
that E. coli-rHulFN-fe.. CHO-rHulFN-8, and native
HulFN-4 differ significantly from each other in thetr sen-
sitivity to neutralization with, but not {n the(r binding to,
monoclonal and polycional antibodies.®

' MATERIALS AND METHODS

IFN. HUFN-8 and CHO-rHulFN-8 were produced from human
diploid fibroblasts and CHO ceils containing the HulF N gene. respec-
Uvely. by the procedure deacribed {15, 16]. These (FN preparations
were then purified by pasaage through an tmmunosorbent column.
followed by high pressure liquid chromatography (HPLC) on a Brown-
lee Aquapore RP-300 anslyucal column (0.46 x 10 . 30 nm pore
size: 10 um bead size: and C18 carbon chatn length) according to the
method of Smith-Johannsen and Tan (17). except that the immu-
nosorbent column was made with mouse monocional any-HulFN-#
tmmunoglobulin instead of rabbit polycional ant-HulFN-g any-
bodies. Recomdinant E. colt-rHulFN-8_ was produced (n and ex-
tracted from £. colt, purified to homogeneity. and stbtlized with
human serum albumin. Both CHO-rHulFN-4 and £. cotf-rHulFN-o,
were gifts from Cetus Corporation. Emeryville. CA. The puriied (FN
preparations were analyzed on slab SDS-PACE according to Lacmmy
(18] by ustng 0.75 mm thick 12% acrylamide gels Protetns were
detected Dy silver siaintng (19). HulFN-4 acuvity was assaved by the
tethod of {20). All sampies were assaved (n triplicate
except for samples in experiments comparing the binding of the
various IFN with their antibodies: these were assaved tn quintrupht-
cate. All units of IFN activity given herein were referenced to 4
HUIFN-4 standard. as described (21). which In turn 1s referenced o
& HuIFN-4 (NTH-WHO GO2-901-527) standard. The mean Uter of the
PN standard 18 192 [U per milltliter. with a coeffictent of varation
of 14.9%. Protetn was assayed after the method of Sedmak and
Grossberg (22} by using human serum albumin as a standard Pyre

~8. human fibroblast interferon: CHO-rHUFN-4. r ¢ hu-

A2 Mbrobles interferon-4 axpressed tn Chinese hamster ovary cells:

?’0 - Chinese hamster ovary: £, coli-tHUlFN-A.,. recombinant human

Brolag Interferon-4 substituted (n cys-17 by r-17. £ colr-tHulFN-4,

'::“'*mm human interferon-4 expressed in E. colt. HPLC. hgh pres-
"quid chromatograpny.

HulFN-a was a g@ift from H. L. Kauppinen of the Finnish Red Croas

. - {14} reported a
Duning the preparation of this manuscript Le et al |

manoclonal antbody. TIF-1. that was found to neutralize natural HWFN

{IFN<v) but not E. colt-dertved rHul'N—.
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(Helstnki. Finland).

Antibodtes to IFN. Rabbit polycional and mouse monocional anu-
HulFN-4 produced in this laboratory as described (23. 24} were
purtfied by an HulFN-§ affinity column {21). Goat anu-E. colt-
rHUlFN-£ raised tn the goat by using purified £. colt-rHulFN-f was a
gt from Dr. Leo Lin (Cetus Corp.).

Immunogiobins purified by affinity chromatography were incu-
bated with each preparation of pure HulFN. dertved from the differ-
ent cell types, to neutraitze the ant-virai acuvity of each [FN. The
neutraiization procedure conststed of 1) serially diluting a given
concentrauon of pure IFN twofold in Microtest 0 wells. 1) adding and
mudng an equal volume of growth medium (mtntmal Eagle's medium
with 5% fetal calf serum) containing a fixed concentraton of any-
IFN immunoglobulin(s} with the senally diluted {FN and {ncubating
at 37°C in a CO, tncubator for | hr. uf) transferming each of the
antibody/IFN mixtures to a monolayer of diplotd human ftbroblast
Cultures grown in Microtest I wells and incubating for 16 hr. fv} and
thereafter, challenging the human fibrobiast cultures in the Micro-
test 0 wells with virus and #3saying for anu-viral activity. The anu-
viral titers of the antibody/TFN mixture and a control in which anu-
IFN immunogiobulln was omitted were compared. The difference
between the (wo represents the amount of FN acuvity neutralized
during tncubation by the fixed amount of anu-HulFN-4. Each assay
was done {n triplicate.

The binding of FN to 1ts {mmunogiobuling was assayed by a
sensitive double-sandwiched radioimmunoassay (25} modtfied after
the method of Inoue and Tan (21). Briefly, the purified mouse mon-
oclonal fmmunogiobulin was immobtlized to the walls of & polysty-
rene cuvette. The (FN and monospectfic rabbit anu-HulFN-8 was
incubated with the poiystyrene macrix conlaining the tmmobilized
monocional antibody molecuies. The compiex was then tncubated
with ['®-labeled donkey anti-rabbt {mmunoglobulin, which bind to
rabbit ant-HulFN-4 on the IFN/polystyrene complex. The coefficient
o(nmuondthubindm(uuyudifmm 10 to 1000 U of
HulFN-4. It ts tnstructve to note the background count tn the control
of this tmmunoprecipitation is low. in the range of 140 0 180 cpm.

RESULTS

Compartson of E. colt-rHulFN-8.,.. CHO-rHWFN-8,
and HulFN-8 by tmmunosorbent column chromatogra-
Phy and HPLC. When HulFN-3, CHO-rHulFN-§. and E.
coll-rHUlFN-8., are purified separately by fmmunosor-
bent column chromatography. followed by chromatogra-
phy on a reverse phase column, these IFN have similar
purification patterns. For example, all three IFN are re-
tained on the immunosorbent column and are eluted by
glycine-HC] buffer (pH 2.0). Each of the three [FN have
almost identical migration rates on the reverse phase
HPLC column (Fig. 1).

SDS-PAGE compartson of HUFN-§, CHO-rHWIFN-g.
and E. collt-rHWFN-f .. Analysts of the HPLC-purified
proteins by SDS-PAGE indicates that they consist of a
single protein staining band (Fig. 2). Both HulFN-§ and
CHO-rHuIFN-§ migrate with an apparent m.w. of 23.000,
whereas E. coli-rHulFN-g, migrates with an apparent
m.w. of 17.000. a difference that was expected because
E. colt-rHUIFN-# 1s not glycosylated. The pure IFN prep-
arations are used in the neutralization and binding stud-
fes reported herein. )

Neutralizatton of HuFN-8. CHO-rHulFN-8, and E.
coll-rHulFN-g,, by anttbod{es to IFN. Mouse monocional
and-HulFN-§ was found to neutralize the ant-viral act{v-
ity of CHO-rHulFN-§ 12 times more eff ectvely than
HWFN-8 or E. col{-rHulFN-8., (Tabie 0). Simtlarly. rabbit
and-HulFN-§ was found to neutralize the anu-viral activ-
ity on CHO-rHuIFN-8 more eff ectively than HulFN-for E.
colt-rHulFN-§,, by threefold to fourfold {Table 1). Goat
anu-E. coll-rHulFN-4 neutralized the anti-viral activity
of E. coll-tHuIFN-8ur 10 and six times more than HulFN-
8 or CHO-rHulFN-8. respectively (Table I). The antibodies
do not cross-react with HulFN-a. These values were re-
productbie by repeated assays at different times.

Filed 06/29/2007 Page 3 of 6
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Figure |. Absorbance(280 am) profile of immunosorbent - purified
on & Browniee Aquapore RP- column. HPLC was carmied out s @0

above the FN peak indicate the ime tn minutes when the N was cioted
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’

Binding of HuIFN-8. CHO-rHWFN-8. and E. coli-rHe
IFN-for to antt-HulFN-3 immunoglobulins. Althoug
all three types of human IFN were retained on the i
munosorbent column made with monocional ant-Hulf#
# tmmunoglobulin. small vartations in the recovery &
retention of human IFN tn this chromatographic s%
makes it difficult to assess small differences in the D
ing of the three types of IFN to their {mmunoglobuliok
sensitive and precise radiolmmunoassay was d
developed (24) and was used to com the binding
HulFN-8, CHO-rHUIFN-8, and E. Colt-rHUIFN-See W8
ant-HulFN-§ anttbodies. The assay measures’
amount of each type of [FN bound to the antibody @'
cules. The results of this radioimmunoassay show
the three types of IFN have similar titration curves 34
3).
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DISCUSSION ant-HulFN- (Table 1. However. the extent to which
pecaus¢ HUFN-8, CHO-rHUIFN-, and E. col(-rHuIFN. “‘H‘;“ ‘3“::’3‘“ rpoalize the three human IFN s sig-
are products of the HulFN-§ gene and have simylar " Thcan y cliferent (Table ).
- ¢ binding of the three prote(ns of ant-HulFN-§ any-
~ulC activities (6). all three IFN might be expected to bodies was cq by § be "
xs-react with antibodies against the polypeptide back- mpared by immunosorbent column chro-
':‘or any one of the three (FN. As andctpated, all of ;natogl;aphy and by two Immunoprecipitation prace.-
a7 N * ures. It was not possible to distin uish small differences
- IFN are found to cross-react *ith polyctonal rabbit between the binding of the thre% proteins to an any-
A B HulFN-g column because the reproductbility tn the recov-
- €ry and retention of HulFN-8 in this chromatographic
g A Step 13 too low to confidently permit quantitative compar-
tsons. In one {mmunoprecipitation procedure (21). CHO-
rHUlFN-g and HWFN-8 were found to immunoprecipitate
I'*-labeled polycional rabbit anu-HulFN-§ anubodies
equally weil (not shown). Thts suggests that overali, both
types of IFN have similar bindtng affinities for the poty-
clonal monospecific rabbit and-HulFN-8 antubodies. In
another immunoprecipitation pProcedure (25). CHO-
THUIFN-g appeared to bind slightly better to monocional
and polycional anti-HulFN-g antibodtes as did HulFN-g
(Fig. 3). However. these differences fall within the varia.
Uon of the biologic assay. :

Thus, the HulFN-8 gene. when expressed in different
host systemas, led to the production of protein molecules
that are antigenically distinet. A similar situation extsts
for HUIFN-y. A monocional antibody capable of neutral-
lzing native HulFN-y neither neutralizes nor binds to E.
coll-dertved rHUlFN— (14). Furthermore. these anugenic
differences appear to be due to dif ferent conformations
of the two HulFN-y, rather than the absence of glycosyl-
ation per se (14). We found that CHO-rHUIFN-§ is ney-
tralized more effectively than HulFN-§ by both immunc-
reagents. The mouse monocional anti-HulFN-§ antbody
13 10-fold more effective and the rabbit polyclonal anti-
HulFN-# antibodtes are 3.3-fold more effective (see Table
1.

It seems unlikely that these differences in neutraliza-
Uon are due to differences in the specific activity of the
IFN molecules, because CHO-rHuIFN-8 and HulFN-8 have

HuFN-g, identical biologic specific acttvities, and the specific ac-
e application mw;::; Hua:uoo-:: lmndbydh.:d waining UVIty of E. colt-rHUlFN-A_ 1s only slightly lower (Table I).
“¥ A protein markers (Pharmacia low m.w. standards) pbosphorylase It also seems unllkely that the dlffcrences could be attrib-

g-u.mm umm-wwm:&og? 000y s Uted to Impurities. becausc the IFN used were found to
~~lbumin (M, = 14,400 Lane B, HulPN-4. Lane C. E. coli-ributrN.  De pure by two criteria (Figs. 1 and 2). and the same
WFN

* Lane 0. CHO-CHUPN 4. ranges of concentrations of IFN were used in these neu-

-l
& TABLE |

1 E. coli-rie The neusraltsation of CHO-rHWIFN-A. E. coli-rMulFN-Ae, and HWFN-8 by anttbodies to HWFN-8*

ns. Althoig - - Somcatic U of HulPN-# Activity Neutralised by
«d on the 3 orn - - Actrvsty Ratioun Maouse monacional Goat ang-

:Jants - Trmg anu-HuT N4 anti-HulFN-S £ coli-HulPN-4

recovery Darng 23x 10 108 +/~ 23 ® +/- 13 M6 /- 7¥

'graphic #® | vy 2ax100 33 e/=7 84/=1° 192 4/~ 41*
R i | L2 rurnen 13x10° S+~ S+/-V 2000 +/- 424

s in the x| 20x 100 Noe None Nane

\

‘oglobultns Lach rasge umemu\dwmm.n-J.Slauﬂuncz(uhetveznalndb(p<0.0”:aln¢c.¢u\d¢,dandj.gmdt.h
was reccolf "'lp<o.oos'fm:w<o.xmwnu»<o.¢m Rabbet polycioaal, mouse J- and goat polyclonal antiserum was diluted 2000 15,
h bmdnid T 800-foyg, respectively. before incubating with prepar of CHO-rHUIFN-8. Hul'N-§ and £. coli-tHulPN-8u,. which were seriaily diluted tn
< b ~q""‘mm-.t'l‘nctx:m:cuu-uuomu{nuu'uul!'Npv;m"lnotu'etvldl\umammooom/muse{oa-em-mduumm Details of the neutratizavion
AFN-for """‘ammmmwn«m mewdnwuéﬂmbymlomfmm
-easures ™
tibody m0F TFN (U] neutralized @ = -~ |

.y show

);uﬂe! :3"::(’ = senial dilution factor of [FN. ¢ = c*™ weli tn which the end potnt of the IFN preparation without antbody is determined. s = 5 well n

#1d point of IFN/anubady mixture is deterthuined. FN acuvitics are standardized as described In Malertais and Methods.
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