
WO 20118/157247PCFMS2008/066745 METHODS OF TREATING CELL CULTURE MEDIA FOR
USE IN A BIOREACTOR BACKGROUND OF THE INVENTION 51.Field of the Invention        The
invention relates to methods for treating cell culture media for use in a bio eactor using ultraviolet C
(LTVC) fight and filtration. 2.Background of the Invention 10Viral contamination of cellular media and
supernatants poses a large challenge to biopharmaceutical manufacturers worldwide. Several
methods have been employed to inactivate and/or remove large or small, enveloped or non-enveloped
(or "naked") DNA or RNA viral particles from cellular supernatants. Examples of these approaches
include 20 nm filtration technology, Q membrane chromatography, and depth filter technology.  15
These methods, however, have been used primarily as a means for viral inactivation (i.e., viral
clearance) of media and supernatants collected from cell lines or tissues (i.e., downstream of protein
production).        Such viral clearance methods have not been used to treat cell culture media prior to
exposure to cell lines or tissues (i.e., upstream of protein production) for several  20 reasons. First,
employing such techniques to the treatment of large-scale cellular media, where up to 20,000 L of
cellular media is processed per day, can be prohibitive in terms of time and cost. Second, such
methods have historically been employed to remove contaminants from large-scale cellular
supernatants as a preliminary step in the purification of therapeutic protein products from the
large-scale cellular supernatants  25 prior to administration of the therapeutic protein products to
patients. Third, there has been no required or documented need in the art for the inactivation or
removal of viral particles in the upstream process of protein production. Finally, bioreactors and
fermenters are frequently not equipped with the machinery required to carry out these techniques, and
the cost of retrofitting exisiting equipment to add such machinery can be 30exorbitantly high.        In
addition to the above techniques, ultraviolet light has been used to treat large-scale protein
preparations prior to the purification of these proteins from cellular  supernatants. However, as with
other methods of treating large-scale cellular supernatants prior to the purification and isolation of
therapeutic protein products from the cellular supernatants, ultraviolet light exposure has been used
primarily downstream of protein production. In other words, no prior art methods exist in which
ultraviolet light (alone or in combination with other purification or treatment methods) has been used to
treat cell culture media prior to introducing the cell culture media into a bioreactor. Thus, there is a
need in the art for methods for treating cell culture media for use in a bioreactor. Such methods would
be particularly useful for protecting valuable cell lines from viral contamination, saving costs lost as a
result of contaminated and unusable media, and increasing the efficiency of protein production by such
cell lines. Therefore, the development of such methods would have wide application in the
manufacture of biopharmaceuticals. SUMMARY        In a first aspect, there is provided methods for
treating cell culture media for use in a bioreactor comprising exposing the cell culture media to
ultraviolet C (UVC) light; passing the cell culture media through a sterile filter; and introducing the cell
culture media into a bioreactor.         In a second aspect, there is provided methods for treating cell
culture media for use in a bioreactor comprising exposing the cell culture media to UVC light; passing
the cell culture media through a depth filter; passing the cell culture media through a sterile filter; and
introducing the cell culture media into a bioreactor.         Specific preferred embodiments of the present
invention will become evident from the following more detailed description of certain preferred
embodiments and the claims. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows the
reationship between the wavelength of light and viral DNA/RNA damage.  WO
2008/157247PCT/US2008/066745 mouse virus (MMV) from cell culture media using two types of
depth filters. 



Figure 3 shows the efficiency of removal of porcine parvovirus (PRV) and reovirus 3 (Rco-3 ) from cell
culture media using two typos of depth filters. DETAILED DESCRIPTION OF THE INVENTION
The invention provides methods for treating cell culture media for use in a bioreactor comprising
exposing the cell culture media to ultraviolet C (UVC) light passing the cell culture media through a
sterile filter: and introducing the cell culture 10media into a bioreactor. The invention also provides
methods of treating cell culture media for use in a bioreactor comprising exposing the cell culture
media to UVC passing the cell culture media through a depth filter; passing the cell culture media
through a sterile filter; and introducing the cell culture media into a bioreactor. In the methods of the
invention, cell culture media is exposed to UVC light prior 15 to introducing the cell culture media into a
bioreactor. The term "ultraviolet light" refers to a section of the electromagnetic spectrum of light
extending from the x-ray region (100 nm) to the visible region (400 nm). In particular, ultraviolet light is
generally divided into four fractions: (I ) vacuum ultraviolet light -- having a wavelength of 100 to 200
nm, (2) ultraviolet C (UVC) - having a wavelength of 200 to 280 nm, (3) ultraviolet B (UVB) 20- having
a wavelength of 280 to 315 nm, and (4) ultraviolet A (UVA) - having a wavelength of 315 to 400 nm
(see Fig. 1).        In one embodiment of the invention, cell culture media is exposed to UVC light having
a wavelength of between 200 and 280 nm prior to introducing the cell culture media into a bioreactor.
In another embodiment of the invention, cell culture media is 25 exposed to UVC light having a
wavelength of 254 nm prior to introducing the cell culture media into a bioreactor. In other
embodiments of the invention, cell culture media is exposed to UVC light having a wavelength of 254
nm +1- 1 nm, or a wavelength of 254 nm 2 nm, or a wavelength of 254 nm +/- 3 nm, or a wavelength
of 254 nm +/- 4 nm, or a wavelength of 254 nm +1- 5 nm, or a wavelength of 254 nm +/- 6 nm, or a 30
wavelength of 254 nm +/- 7 nm, or a wavelength of 254 nm +/- 8 nm, or a wavelength of 254 nm +/- 9
nm, or a wavelength of 254 nm +/- 10 nm, or a wavelength of 254 nm  WO
2008/157247PCT/US2008/066745 15 mm or a wavelength of 254 nm +/- 20 nm, or a wavelength of
254 inn +1-25 nm.       In the methods of the invention, UVC light is used to inactivate non-enveloped
viral particles by damaging viral DNA or RNA. Nucleic acid damage inactivates viruses and prevents
subsequent replication. A typical device - or UVC reactor - for exposing  5 solutions to UVC light
utilizes hydraulic spiral flow along an irradiation source that generates Dean vortices in a fluid stream
that allows doses of UVC irradiation to be delivered uniformly throughout the solution When UVC tight
is used to inactivate non-enveloped viral particles, viral inactivation generally occurs after about five
minutes of exposure. 10As described herein, viral clearance methods known in the art have been used
almost exclusively downstream of protein production. In addition to cost and time considerations, such
methods have been used almost exclusively downstream of protein production because the objective
of such methods has been to inactivate and/or remove viral particles in large-scale cellular
supernatants prior to the purification and isolation of  15 therapeutic protein products from the cellular
supernatants. With respect to the use of L'VC light to inactivate viral particles in large-scale
bioprocesscs, one reason for the lack of prior art processes employing UVC light exposure upstream
of protein production has been the high absorption of UVC light by cell culture media at 254 nm, and
the effects of this high absorption 011 the ability of such media to support efficient cell growth. The  20
methods of the invention avoid this problem by increasing the energy of the UVC light being used.
The term "energy" refers to the amount of ultraviolet radiation in Joules/meters2 to which treated cell
culture media is exposed. In one embodiment of the invention, cell culture media is exposed to UVC
light at an energy density of 120-320 J/m2 prior to  25 introducing the cell culture media into a
bioreactor. in another embodiment, cell culture media is exposed to UVC light at an energy density of
238 J/m2 prior to introducing the cell culture media into a bioreactor. In other embodiments of the
invention, the cell culture media is exposed to IJVC light at an energy density of 238 J/m2 +/- I J/m2, or
at an energy density of 238 J/m2 +/- 2 J/m2, or at an energy density of 238 J/m2 +/- 3 J/m2, 30or at an
energy density of 238 .1/m2 +/- 4 J/m2, or at an energy density of 238 J/m2 +/- 5 J/m2, or at an energy
density of 238 J/m2 +/- 10 J/m2, or at an energy density of 238 J/m2  



WO 2008/157247PCTAIS2008/066745 +/- 15 J/m2, or at an energy density of 238 J/m2 +/- 20 J/m2,
or at an energy density of 238 3/m2 -IV- 25 J/m2, or at an energy density of 238 J/m2 +/- 30 3/m2" or
at an energy density of 238 J/m2 -Hi- 40 J/m2, or at an energy density of 238 3/m2 +/- 50 3/m2, or at
an energy density of 238 J/m2 +/- 60 J/nn2, or at an energy density of 238 J/m2 +/- 70 3/m2.  5 The
methods of the invention can be used for bench-scale inactivation processes, but more sigmificantly
for large-scale treatment of cell culture media prior to introducing the cell culture media into a
bioreactor. In one embodiment of the invention, cell culture media is exposed to UVC light at a flow
rate of 1-12 titers per hour prior to introducing the cell culture media into a bioreactor. In another
embodiment of the invention, cell  10 culture media is exposed to UVC light at a flow rate of 6 liters per
hour prior to introducing the cell culture media into a bioreactor. In other embodiments of the invention,
cell culture media is exposed to UVC light at a flow rate of 6 liters per hour /I liter per hour, or at a flow
rate of 6 liters per hour +/- 2 liters per hour, or at a flow rate of 6 liters per hour 47- 3 liters per hour, or
at a flow rate of 6 liters per hour +/- 4 liters per 15hour, or at a flow rate of 6 titers per hour +/- 5 liters
per hour.        "Log reduction value" (LRV) is a measurement of filtration retention efficiency that is
equivalent to the ratio of the log of the challenge concentration divided by the filtrate concentration
(LRV = Logy, Challenge/Filtrate). In the present invention, the challenge concentration refers to the
concentration of viral materials in the cell culture  20 media. For purposes of the invention, a filtrate
(i.e., cell culture media) is considered to be sterile if it has an LVR of at least 4.85, and filtrates having
LRV's of between 6 and 7 are preferred. In one embodiment of the invention, a log reduction value of
greater than or equal to 4.85 is obtained following the treatment of cell culture media. In another
embodiment, a tog reduction value of between 6 and 7 is obtained following the 25treatment of cell
culture media.        In the methods of the invention, cell culture media is subjected to filtration step after
being exposed to UVC light. The term "sterile filtration" or "sterile filter" refers to the removal of micro
plasma and other potential contaminants from cell culture media through use of a standard biological
sterile filter. In one embodiment of the invention, 30cell culture media is passed through a sterile filter
having pores with a maximum size of 200 nm prior to introducing the cell culture media into a
bioreactor.  WO 2008/157247PCT/US2008/066745       In another embodiment of the invention, cell
culture media is passed through a depth filter. The term "depth filter" refers to a filter that has multiple
filtration layers, each layer being responsible for the filtration of particulate matter of different sizes and
densities. This type of filtration process is similar to size exclusion. Light material is  5 isolated at the
top of the filter bed. The media becomes progressively finer and denser in the lower layers. Larger
suspended particles are removed in the upper layers, while smaller particles are removed by lower
layers.        The ability of depth filters to remove certain types of viral particles is dependent on the pH
of the solution being filtered. For example, when ccll culture media having a  10 lower pH is passed
through a depth filter, non-enveloped viral particles can be more efficiently cleared from the media.
Cell culture media normally has a high conductivity of about 15 to 20 mS/cm and pH 7.4, which aids in
the capture of enveloped viral particles. Performing filtration at conditions of neutral pH would therefore
ensure higher LRV's for enveloped viruses, which have pis of 6.0-7.8. In one embodiment of the  15
invention, the cell culture media is passed through the depth filter at an acidic pH. In another
embodiment of the invention, the cell culture media is passed through the depth filter at pH 5.0. In
other embodiments of the invention, the cell culture media is passed through the depth filter at a p1-1
of between 4.0-5.0, or at a pH of between 5.0-6.0, or at a pH of between 6.0-7.0. 20The methods of
the invention can be used to inactivate viral particles that may be present in cell culture media prior to
introducing the cell culture media into a bioreactor. Other methods of the invention can be used to also
remove viral particles (including viral particles that may not have been inactivated by exposure to
LTVC light). In one method of the invention, cell culture media is exposed to CNC having a wavelength
or energy, or  25 at a flow rate, sufficient to damage the nucleic acids of any non-enveloped viruses in
the cell culture media. In another method of the invention, cell culture media is passed through a depth
filter having a pore size, or at a flow rate, sufficient to remove any enveloped viruses from the cell
culture media.          In the methods of the invention, cell culture media is treated prior to introducing
30the cell culture media into a bioreactor. The term "bioreactor" refers to a device or system for use in
the large-scale growth of cell lines or tissues for the preparation of  WO
2008/157217PCl/1JS2008/066745 



biopharmaceuticals. For example, a typical bioleactor can be used to generate 200 to 20.000 L of
cellular supernatant (containing the intended byproduct of the bioprocess, biopharmaceutical protein).
In the methods of the invention, the bioreactor can be used to support the growth of cells for the
large-scale production of, for example, antibodies.       The present invention provides a method for
inactivating andior removing viral particles from cell culture media upstream of the introduction of the
cell culture media into a bioreactor. One of the benefits of the present invention is that by treating cell
culture media upstream of its introduction into the bioreactor, the risk of contamination at the point of
inoculation can be reduced, thereby creating a better environment for  10 maximum cell growth and
maximum protein production (e.g., antibody titer). In addition, the present invention can be used to
lower the risk of lost production costs (e.g., associated with a maintenance shutdown of a
biopharmeeutical manufacturing process following viral contamination). The treated cell culture media
can be used to support the growth of a number of  5 different cell types. In one embodiment of the
invention, the treated cell culture media is used to support the growth of mammalian cells. In another
embodiment of the invention, the mammalian cells are capable of producing antibodies. In yet another
embodiment of the invention, the treated cell culture media is used to support the growth of insect
cells. 20The Examples that follow are illustrative of specific embodiments of the invention, and various
uses thereof. They are set forth for explanatory purposes only, and are not to be taken as limiting the
invention. EXAMPLE I 25Characteristics of cell culture media         The methods of the invention can
be used to treat cell culture media for use in a b reactor. Three types of cell culture media were
analyzed for osmolatitiy, conductivity at 25C, and absorbance at 254 nm (see Table I).  WO
2008/157247PCTRIS2008/066745 Table I Media Type Osmolality (mOsm/kg) F Conductivity (mS/cm)
25C 1 Absorbance O.D. 254 nm A 296.33 12.19 4.8  296.67 11.05F11.7  



854.67 12.11F64  EXAMPLE 2 5Viral inactivation by UVC light         Studies have been conducted to
determine the inactivation of several viruses by LIVC light. Table 11 shows the model viruses that
were chosen: Xenotropie murine leukemia virus (x-MuLV), Murine minute virus (M1VEV ), Porcine
parovirus (PRV). and Rcovirus 3 (Reo 3). 10 Table H Model FamilyProperties pi x-MuLV i ,
RetroviridaeEnveloped, ss RNA, 80-120 nm low resistance 6.0-6.7 MMV P aroviriclac Non-enveloped,
ss DNA, 18-26 nm, high resistance 5.0 PRY Hopesviridae Enveloped, ds DNA, 120-200 nm,
low-medium Resistance 7.4-7.8 ' Reo 3I Reoviriclae 



Non-enveloped, ds RNA, 50-70 nm, medium resistance 3.9    Inactivation of MMVO) and MMV(p) in
production media was conducted at various flow rates. Inactivation was achieved with an LRV of
greater than 4.85 for MMV(p) (see 15Table III) and an LRV of greater than 3.35 for MMV(i) (see Table
IV).  Table H  WO 2008/157247PCT/US2008/066745 Table IV        These assays were repeated for
inactivation of MuLV from both production media and feed media. The results of these assays (i.e..
LR'V's of less than 1) suggest that an 5additional inactivation or removal step may further enhance the
methods of the invention (see Tables V and VI).  WO 2008/157247PCPUS2008/1166745 Table V
MuLV inactivation profile using UVC light (production media) 4254n FlowUVC Expected FMVMp
FlowTime for Process  rate 



lamp fluency inactivation rate media Scale  lab scale unit covered(Jim') CYO [LRV1 I (ml/mm)
collection(L/hr) (min/250m1  (L/hr)      10 0143.10, 0, 0 



1663 1.5 I1000-     2000 12 8 0178.90, 0, 0 133.31.9 1000-       2000 12 6 0 238.5 O. 0, 0 100F 



2.5 1000-      2000  Table VI MuLV inactivation profile using UVC light (feed media) A254nm Flow rate
lab INC lamp covered Expected fluency (J/m2)  MVMp nactivation [LRV Flow rate (ml/mm) 



Time fori Process mediaScale collection(L/hr)  scale unit (%)    (min/250m1)   (L/hr)       64  0 620, 0, 0
33.3 7.5 



1000-        2000 64   62 0, 0, 0 33.3 7.5F1000-        2000 64 2 



0 62 0, 0, 0 33.3 7.5 1000-        2000 -11-  WO 2008/157247PCT/US2008/066745 EXAMPLE 3 Viral
removal usin2 depth filtration         Studies have been conducted on removal of enveloped viral
particles as well as other unwanted cellular materials from cell-culture media by using a depth filter.
Table 5 VII shows viral inactivation of three enveloped viruses as well as a non-enveloped virus. The
LRVs determined from these studies show that the depth filter can efficiently remove enveloped viral
particles from cell culture media. Table Vii Removal method PRV '--MuLV MMV Reo 3 ! 



Depth filter 3.17 >4.23 4.13 >5.01 j 20 rim filter >5.04>4.87 4.47 5.35' , Q membrane 3.89>4.24 , 4.47
5.35 10        Two types of depth filters were tested for efficiency in emoving viral particles (see Figures
2 and 3).          The section headings used herein are for organizational purposes only and are not
15to be construed as limiting the subject matter described. A]! references cited in this application are
expressly incorporated by reference herein.  WHAT IS CLAIMED IS: Claim 1:A method of treating cell
culture media for use in a bioreactor comprising: (a)exposing the cell culture media to ultraviolet C
(UVC) light; 5(b)passing the cell culture media through a sterile filter; and (c)introducing the cell culture
media into a bioreactor. Claim 2:The method of claim 1, further comprising a step of (a2)passing the
cell culture media through a depth filter; prior to step (b). 



10 Claim 3:The method of claim 1 or 2, wherein he UVC light has a wavelength of 254 nm. Claim 4
:The method of claim 1 or 2, wherein the cell culture media is exposed to 15UVC light at a flow rate of
1-12 liters per hour, preferably 6 liters per hour. Claim 5 :The method of claim 1 or 2, wherein the log
reduction value is greater than or equal to 4.85, preferably, the log reduction value is 6-7. Claim 6:The
method of claim 1 or 2, wherein the cell culture media is exposed to UVC light at an energy density of
120-320 J/m2, preferably 238 .I/m2. Claim 7:The method of claim 1 or 2, wherein the sterile filter has
pores with a maximum size of 200 nm. Claim8:The method of claim 1 or 2, wherein the step of
exposing the cell culture 30media to UVC light is sufficient to damage the nucleic acids of any
non-enveloped viruses in  the cell culture media. Claim9:The method of claim 1 or 2, wherein the
treated cell culture media is used to support the growth of mammalian cells or insect cells. Claim
10:The method of claim 9, wherein the mammalian cells are capable of producing antibodies. Claim
II:The method of claim 2, wherein the cell culture media is passed through 10the depth filter at an
acidic pH, preferably pH 5.0. Claim 12:The method of claim 2, wherein the step of passing the cell
culture media through a depth filter is sufficient to remove any enveloped viruses from the cell culture
media. 15 


