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Cells cultured in the absence of serum nced other sources of mitogenic stimulation for growth.
Insulin is the primary mitogen used in most curtent serum-free medium formulations. A modifed
insulin-like growth factor | (IGF-1) has been developed by GroPep Pry. Lid. in Austratia that
exhibits better biological activity than non-modified IGF-1. We have compared insulin 1o this
modified [GF-1 (long R3 IGF-1) and demonstrated equivalent or better performance using two
recombinant CHO cell lines.
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Intreduction

lasulin is a critical component of most serum-free media used in cell culture production
processes. [ts mitogenic function is essential for obtaining the viable cell density nceded for
optimum production in most batch production formats. Insulin-like growth factors (IGFs) are
similar to insulin in amino acid sequence and tertiary structure, and they also serve zs miiogens
and/for support the survival and differentiation of several cell types (1-3). Much of the mitogenic
activity of serum may be in the form of IGFs for some cell types (4). and physiological activity
of these molecules is generally found in the 1010 100 ng/ml range.

Key factors that influence the response of cells to IGFs are the types of receptors expressed on
the cell surface for signal transduction, and the presence of IGF binding proteins in the medium.
The receptors for insulin and for IGFs share extensive homology, just as their respective
cognates, and each transduces signal through tyrosine kinase-activity {5). IGFs and insulin will
bind with high’ affinity to their own receptors, but they can also bind with low affinity to each
others receptor (6, 7). It is possible that the large, non-physiological conceniration of insulin
required to promote the growth of many cell lines in serum-free media may be the result of low
affinity binding of insulin to IGF receptors instead of insulin receptors.

Truncation of IGE-1 at the N-terminus has been shown o reduce binding of IGF-1 10 IGF-1

_binding proteins, thereby enhancing its biological activity. A group in Ausmalia has extensively
studied the biological activity of different wruncated forms and found that des-{1-3)-IGF-1
provided the greatest half-maximal response in an LG myoblast assay of protein synthesis (8. 9).
Other modifications of IGF-1 that were found to contribute 1o potency were substitution of the
Glu residue at position 3 with Arg, and the addition of a 13-residue N-terminal extension peptide.
These last modifications provided the most active form of IGF-1, and is the form termed long R
IGE-I as shown in Figure 1. The GroPep group in Australia preduces long RIIGF-1in E. coli
and it is distributed by Hyclone Laboratories.
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Figure 1

Long R3IGF-

This report examines the performance of two recombinant CHO cell lines in serum-free medium
supplemented with either insulin or different concentrations of long R3IGF-|

Results

CHO DXBI11 cells were transfected with plasmids containing dihydrofolaie reducrase (DHFR)
and either human IL-[R or human TNFR:Fc. Cells were then selecied for DHFR expression
before amplification with methorrexate. Expression of both receptors are under the control of
constitutive promoters. All experiments were performed in controlled 2 liter glass Applikon
bioreactors. Cells were culwred in serum-containing medium before cenirifugation and transfer
into serum-free production medivm, Within each experiment all bioreacrors were run under

identical conditions except for the variables of insulin and long R3 IGF-1.

The culres that received 4 additions (10 mg/ liter each) of insulin were used -as conwols. This
regimen was chosen in order 1o saturate the system with insulin, and no auempt was made to
optimize its concentration. All other experimental cases were normalized 1o the performarice of
the insulin control cultures. Performance was compared primarily using three parameters:
volumetric production of product, specific production of product and cumulative viable cell days.
These parameters are defined as Follows: '

Volumetric concentration per unit volume
Production = determined by ELISA
Viable Cell Days = VCDo + VCD)
X A
2
Specific VYolumetric Production
Production = i

-
Cumulative* Viable Cell Days

*sum of the viable cell days art the ime volumetric production is determined
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An initial experiment compared the performance of a culture that was not suppicmented with
mitogen with cultures supplemented with either long R IGE-1 (50 ng/ml, then 3 x 25 ng/ml) or
insulin (4 x 10 pg/ml). The resubts of this comparison are found in Table L.

Table 1

Experimental Volumetric Specific Cumulative
Case Production Production Viable Cell Days
Insulin * 100.00 100.00 100.00

fong R3 IGF-1 150.00 133.00 120.00

no mitogen 38.00 82.00 36.00

* The insulin control (4 x 10 pg/ml) represents 100%. and all other experimental cases are normalized
as a peecent of control values.

These data show the necessity of mitogenic factors like insulin or IGF-1 for performance of CHO
cells in serum-free media. Volumetric production was oaly 3§ % of control values and can be
explained primarily by fewer cumuiative viable cell days during the culwre period. On the ather
hand, multiple additions of long R3 IGF-1 showed enhanced volumetric and specific production,
and also supported more cumulative viable cell days than the insulin control. These results were
followed by another bioreactor experiment in which single and multiple additions of long R3
FGF-1 were again compared to an insulin conrrol case. A summary of these data are provided in
Table 2.

Table 2
Experimental Volumetric Specific Cumulative
Case Production Production Viable Cell Davs
[nsulin * 100.00 100.00 100 (0
long R3 IGF-1
{multiple)y** 127.00 107.60 - 12700
100 ng/ml 102.00 95.00 104.00
50 ng/ml 98.00 107.00 102.00
25 ng/ml 107.00 100.00 Y6 (K

* The insulin control (4 x 10g/ml) represents 100%. and all other experimental cases are nornalized
as a percent of control values. :

** Multiplc additions of long RI IGF-1 (50 ng/ml, then 3 x 25 ng/ml)

Due to the nature of these calculations, where viable cell numbers and ELISA values are used.
errors can be additive. Numbers that are within 20 % of control are probably no different than
control. Using this as a guide, the only group that may have outperformed the control insulin
case is the culture receiving multiple additions of long R3 IGF-1. Both the cumulutive viable cell
days and the volumeiric production of IL-1R were greater in this case. When the alucose
consumption was determined for these culwres, the multiple addition loag R3 IGF-1 case also
consumed about 20% more glucose than the other cultures. This supports the greater cumulitive
viable cell day observation for this culiure and resulted in more LL-1R volumerric production,




An initial experiment with another CHO cell line expressing TNFR:Fe was also performed
comparing a single addition of long R3 IGF-1 (100 ng/ml) with the previously described insufin
control case. The results are summarized in Table 3.

Table 3

Experimental Volumetric Specific Cumulative
Case Production Praduction Yiable Cell Days
[nsulin * 100.00 100.00 100100

long R3 [GF-1
100 ng / ml 124,00 99.00 L0

* The insulin conirol (4 x 10pg/ml) represents HO%. and all other experimental cases are normalized
as a percent of control values,

This preliminary information suggests that the CHO cells expressing TNFR:Fe are just as
responsive to long R3 IGF-] as those expressing IL-1R. Volumetric production and celi growth
expressed as cumulative viable cell days were at least equivalent, if not slightly beuer, than the
insulin case.

Discussion

The ability of long R3 IGF-1 (o support cell growth and cxpression has been established using
two recombinant CHO celt lines. Experiments presented in this repon show that performance of
cultures supplemented with long R3 IGF-1 are art least cquivalent 10 culwres receiving muliiple
additions of insulin. Multiple additions of tong R3 IGF-| may actually provide betier
performance than the insulin control case. As little #s 25 ng/ml of long R3 IGE.1 provided
equivalent performance compared 1o a 10l of 40 ug/ml of insulin. Since lower concentrations
of long R3 IGF-1 were not tesied, it is conceivable that concentrations lower than 25 ng/m!
would also be as effective as insulin. No atlempr was made 10 optimize insulin concentrations.
Rather, the objective of these experiments were 1o provide a comparison of long R3IGFI 104
control case that we believe is saturated with insulin. For a true comparison of biological activity
per unit weight, a more rigorous optimization of both insulin and long R3 IGF-1 is needed. From
experiments presented here we conclude that recombinant CHO cells will respond to long R3
IGF-1 at concentration that are from 100 1o 1000 times lower than concentrations of insulin
normally used in serum-free cell culture media.
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