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Abstract

Contamination by replication-competent retrovirns (RCR) is one of the most important safety issues of retrovirus vector
products for gene therapy clinical research. To improve the sensitivity of RCR. detection and to shorten the assay period, we have
developed a novel RCR detection method (infectivity RT-PCR method) based on real-time quantitative reverse transcription-
polymerase chain reaction (RT-PCR) in combination with virus infection and a novel virus concentration method using
polyethyleneimine (PEI)-conjugated magnetic beads. In this method, permissive cells were infected with RCR samples, and
amplified RCR in the culture supernatants was adsorbed by PEI-beads. Then RCR RNA extracted from PEI-beads was quantified
by real-time RT-PCR. We demonstrated that 1 infectious unif (iu) of RCR spiked in 10 cfu/ml of vector products could be detected
within 3 days, and the sensitivity for viral detection was increased 3- to 10-fold compared with the direct § + L— assay. By this
method, the presence of retroviral vector interfered with RCR detection only slightly. In conclusion, infectivity RT-PCR conducted
in conjunction with virus concentration using PEI-beads can detect RCR more sensitively and rapidly than the conventional
infectivity assay.
® 2004 The Infernational Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Retrovirus vectors are widely used in human gene
therapy to treat genetic diseases, cancer, and other
conditions. The retroviral vector products currently
used in gene therapy clinical researches are replication-
defective retroviruses, and the primary safety concern

Abbreviations: RCR, replication-competent retrovirus; RT-PCR,
reverse transcription-polymerase chain reaction; PEI, polyethylenei-
mine; iu, infectious unmits; cfu, colony forming units; MLV, murine
Icukemia virus; AMLYV, amphotropic MLV,

* Comesponding author. Tel ffax: +81 3 3700 9217,

E-mail address: uchida@nihs.gojp (E. Uchida).

associated with the use of retroviral vector products is
contamination by replication-competent retrovirus
(RCR). RCR is the major risk factor for insertional
mutagenesis, and exposure to retrovirus vector contam-
inated with a high titer of RCR has been shown to lead
to lymphoma in rhesus monkeys [1].

The most likely source of RCR is the vector-
packaging sequence. Since RCR can arise by homolo-
gous recombination during the production of retroviral
vector supernatants, sensitive assays for the screening of
RCR in vector products are required. The U.S. Food
and Drug Administration (FDA) has developed guide-
lines for testing of RCR in clinical grade vectors and
transduced cells, as well as for monitoring patients

1045-1056/04/530.00 © 2004 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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treated with gene therapy protocols [2]. The FDA
guidelines recommend that retrovirus vector preducts
be tested for the presence of RCR by inoculation and
passage of the test sample with a permissive cell line for
a minimum of 5 passages in order to amplify any
potential RCR. present, followed by subsequent testing
with an appropriate indicator cell assay. The PG-4
S + L~ focus-forming assay and the marker rescue
assays have been routinely used for the detection of RCR
[3—7). However, these conventional cell-based assays are
known to have several disadvantages: the assays take
a long time (weeks), visual evaluation of the results
requires skill and is labor intensive, and the limited
dynamic range requires many dilutions. Therefore, there
is need for a more sensitive and rapid quantitative
detection method for RCR.

Polymerase chain reaction (PCR) is 2 highly sensitive
method for the detection of viral genomes [8]. It has been
reported that PCR assays were capable of detecting one
or more copies of RCR provirusin 500,000 cells [¢]. PCR-
based assay for RCR is used for biosafety monitoring of
transduced cells with retroviral vectors [10] and of
patients receiving retroviral gene therapy [9,11].

Moreover, the recently developed fluorescence-based
real-time quantitative reverse transcription-PCR (RT-
PCR) assay allows precise quantification of RNA
genomes. Since quantitative RT-PCR can be performed
in a short time with a wide dynamic range and high
throughput, it is expected to be particularly suitable for
quantifying RCR in viral stocks with high sensitivity.
However, the PCR-based assay detects not only in-
fectious virus genomes. In previous studies, PCR-based
assays detected viral DNA fragments derived from
packaging cell lines contaminated into retrovirus vector
supernatants and caused false-positive findings [12,13].
Therefore, when quantitative RT-PCR is used for RCR
detection, some process is required to distinguish
infectious RCR RNA and viral DNA fragments prior
to the quantitative RT-PCR assay. Infection of RCR
into a permissive cell line is suitable for this purpose,
because infectious RCR selectively replicates in cells
without replication of viral DNA fragments and
retrovirus vectors.

In addition, if RCR could be concentrated when
preparing the sample for quantitative RT-PCR, it is
expected that the sensitivity of RCR genome detection
could be improved. In a previous study, our group
demonstrated that polyethyleneimine (PEI)-conjugated
magnetic beads efficiently adsorbed many types of
viruses, with the exception of some non-enveloped
viruses, and this novel virus concentration method using
PEI-beads enhanced the sensitivity of virus detection by
both PCR and RT-PCR [14].

In the present study, we have established a novel
RCR detection method based on infectivity RT-PCR.
Infectivity RT-PCR is a hybrid method that attempts to

combine the best features of infectivity assays and
quantitative RT-PCR. Samples are allowed to amplify
in cell culture, as in conventional assays. Replication-
competent retrovirus is quantified by real-time quantita-
tive RT-PCR rather than by counting focuses. In
addition, we applied a novel virus concentration method
using PEI-beads to concentrate RCR in culture super-
natants before quantitative RT-PCR, We demonstrated
that this novel method could detect RCR more sensi-
tively and rapidly than the conventional culture assays.

2. Materials and methods
2.1, Virus and cells

Hybrid Moloneyfamphotropic Murine leukemia virus
(MLYV) obtained from ATCC (Manassas, VA; VR-1450;
virus titer: 6.9 £ 2.0 X 107 infectious unit (iu)/ml) was
used as the RCR Reference Material. This hybrid virus,
which was established by both the FDA and ATCC as
an MLV RCR Reference Material, consists of Moloney
MLYV with a substitution of the env coding region from
the 4070A strain of amphotropic MLV (AMLV), and
represents a typical recombinant virus that could be
generated in a retroviral packaging cel! line containing
coding sequences for an AMLYV env [2].

Mus dunni cells (CRL-2017) and cat fibroblast PG-4
(S + L-) cells (CRL-2032) were obtained from ATCC.
NIH/3T3 cells (JCRBO615) were obtained from the
Japanese Cancer Research Resource Bank (Tokyo,
Japan). WCRIP-P131 cells (RCB1088) were obtained
from the RIKEN Cell Bank (Tsukuba, Japan). M. dunni
cells and PG-4 (S+ L—) cells were maintained in
McCoy’s 5A medium with 10% fetal calf serum
(FCS). NIH/3T3 cells and WCRIP-P131 cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% calf serum.

2.2. Preparation of recombinant retrovirus vector

The retrovirus vector plasmid pLEGFP-NI (Clontech,
Palo Alto, CA) contains the enhanced green fluorescent
protein (EGFP) and neomycin resistance gene. WCRIP-
P131 cells which contain the gag/pol gene of Moloney
MLV and env gene of 4070A in different expression
vectors were used as a high titer retrovirus vector-
packaging cell line. WCRIP-P131 cells (1 X 10°cells)
were transfected with pLEGFP-N1 (2 ug) by Effectene
Transfection Reagent (Qiagen, Hilden, Germany). Two
days after transfection, cells were trypsinized and
replated. The next day, Geneticin {(GIBCO-BRL, Grand
Island, NY; final concentration 1 mg/ml) were added to
each dish and cultured for an additional 2 weeks.
Eighteen clones of neomycin-resistant cells were picked
up, and a clone (YCRIP-LEGFP1) which showed the
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highest EGFP expression when the NIH/3T3 cells were
infected with the culture supernatants of cloned cells was
used as a line of retrovirus vector-producing cells. For the
preparation of retrovirus vector sample, WCRIP-
LEGFPI cells were cultured to subconfluence, the
medium was replaced with fresh medium, and after 24 h
of culture, the culture supernatants were collected as
retrovirus vector samples (vector titer: 1 X 10° cfu/ml).
Vector supernatants were stored at —80 °C until use.

2.3. RCR concentration by PEI-beads

PEI-beads were made by coupling of PEI (MW
70,000; Wako Pure Chemical Inc., Tokyo, Japan) with
magnetic beads (IMMUTEX-MAG™; mean diameter:
0.8 pm; ISR Inc., Tokyo, Japan) by the I-ethylene-3-(3-
dimethylaminopropyl)}carbodiimide coupling method as
described previously [14]. RCR concentration using
PEl-beads was done as follows: various dilutions of
RCR solution were prepared from RCR Reference
Material diluted with DMEM. Then 1 or 10 m! of each
RCR dilution was incubated with 100 ul of PEl-beads
for 10 min at room temperature. Then the complexes of
virus and PEI-beads were trapped by a magnetic field
{for 1 ml: Magnetic Trapper™, Toyobo Co., Tokyo,
Japan; for 10 ml: Dynal MOC-1™, Dynal AS, Cslo,
Norway). The virus genome was extracted from the PEI-
beads adsorbed fraction (the whole volume) or unad-
sorbed supernatant (100 pl) with an SMI-TEST EX
R&D Kit (Genome Science Laboratories, Fukushima,
Japan). Extracted nucleic acids were dissolved in 50 ul of
DNase/R Nase-free distilled water, and 10l of this
solution was used for the quantitative RT-PCR reaction.

2.4. Real-time quantitative RT-PCR

The real-time quantitative RT-PCR for RCR was
monitored on an ABI PRISM 7000 Sequence Detection
System (Applied Biosystems, Foster City, CA). The
reaction was carried out in a 50 pl reaction mixture
containing 10 pl of extracted sample, 1 1M each of the
forward and reverse primer, 0.2 pM of TaqMan probe,
and 25 pl of TagMan One-Step RT-PCR Master Mix
Reagents with 1.25 pl of 40X MultiScribe and RNase
Inhibitor (Applied Biosystems). The reaction conditions
were as follows: the vira]l RNA was reverse-transcribed
into cDNA for 30 min at 48 °C, then heat-inactivated
for 10 min at 95 °C; PCR was then performed for 50
cycles of 15s at 95 °C and 1 min at 60 °C, Standard
curves were generated from RCR RNA extracted from
RCR Reference Material in each RT-PCR assay and
validated using linear regression analysis. The RCR
genomes were quantified in infectious units (iu). One
infectious unit of RCR measured by quantitative RT-
PCR means that the sample contains virus genome
RNA equivalent to 1iu of RCR Reference Material.

The sequences of the primer pair and the probe used
were as follows: forward primer (AMLVenv-1018F): 5°-
GCG GTC GTG GGC ACT TAT A-3’; reverse primer
(AMLVenv-1082R}. 5'-TGT TGG GAA GTG GCC
GTA C-3'; TagMan probe (AMLVenv-10640TM): 5°-
(FAM)-ATC ATT CCA CCG CTC CGG CCA-
(TAMRA)-3’. These sequences were designed to detect
the env gene of 4070A AMLYV using Primer Express Ver
1.0 Software (Applied Biosystems). The amplified
product is predicted to be 64 base pairs (bp) in length.

2.5. Amplification of RCR by culture cells

M. dunni cells were plated in 60-mm dishes at
2 X 10° cells/dish and cultured overnight. Culture me-
dium was replaced with 1ml of polybrene solution
(16 pg/ml) as well as Iml of virus solution and
incubated for 4h at 37 °C. Cells were washed with
1 ml of medium 3 times and incubated with 5 ml of fresh
culture medium. Culture supernatants were collected at
the indicated days for RCR concentration using PEI-
beads and detected by quantitative RT-PCR.

2.6. 8 + L~ focus-forming assay

The PG-4 cells were plated in 6-well plates at
a concentration of 2 X 10° cells/well and incubated at
37 °Cin 5% COQ, overnight. On the day of infection, the
medium was discarded, 1 ml of DEAE-Dextran (20 pg/
ml in medium) was added to each well, and the cells
were incubated for 30 min at 37 °C. Then 1 ml of test
sample was added to each well and the cells were
incubated for 2h at 37 °C. Finally, the samples were
replaced with 2 m! of fresh culture medium and cultured
at 37 °C in 5% CO,. Foci of transformed cells were
examined microscopically on day 3 and day 7.

3. Results

3.1, Detection of RCR RNA by real-time
quantitative RT-PCR

We first established the detection method of RCR
RNA by real-time quantitative RT-PCR. Serial log
dilutions of RCR solution were prepared, and viral
genome RNA extracted from 100 pl of each RCR
solution was analyzed by TagMan quantitative RT-
PCR. Forward and reverse primers as well as the TagMan
probe used for the detection of RCR were designed to
detect the AMLYV env sequence that exists in the RCR
genome but not in the retroviral vector sequence (Fig. 1).
Fig. 2 shows the standard curve generated from an
amplification plot of the quantitative RT-PCR assay for
RCR. A linear relationship was observed between the
threshold cycle (Cy, the PCR cycle at which the
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fluorescence of amplification first exceeds baseline) and
the log-transformed input retroviral RNA genomes. The
linearity of the standard curve was obtained at a range of
107'-10%iu of RCR in 1004l of the sample with
a correlation coefficient of 0.998. The standard curve
was reproducible for repeated assay (data not shown).
Since Ct could not be calculated from virus solutions
having concentrations below 0.1 i, the detection limit of
the quantitative RT-PCR for RCR was 0.1 iu.

3.2, Concentration of RCR by PEILbeads

In order to detect very low titers of RCR in the
culture supernatants of infected cells, we tried to
concentrate retrovirus particles using PEI-beads. One
and 10 mi of RCR solution (10~ dilution of RCR in
DMEM) were incubated with 100 pl of PEI-beads, and
fractionated into the PEI-beads adsorbed fraction and
the unadsorbed supernatant fraction. Viral genome
RNA extracted from each fraction was applied to RT-
PCR and analyzed by agarose gel electrophoresis. As
shown in Fig. 3A, RCR env RNA was detected by RT-
PCR from the PEI-beads adsorbed fraction but not
from the unadsorbed supernatant, indicating that RCR
was efficiently adsorbed in the PEI-beads. When the
starting volume of virus solution used for concentration
was increased from I to 10 ml, the amounts of RCR
RNA obtained in the PEI-beads adsorbed fraction were
increased without any change in the unadsorbed
fraction. To analyze the concentration of virus with
PEI-beads quantitatively, serial log dilutions of RCR
solution were fractionated with PEI-beads, and the
amounts of RCR RNA in the adsorbed fraction and the
unadsorbed fraction were quantified by real-time RT.
PCR (Table 1, Fig. 3B). When solutions containing low
concentrations of RCR were applied to PEI-beads, all of
the retrovirus particles in the viral solutions were
efficiently collected in the PEI-beads fraction. On the
other hand, when a solution containing high concentra-
tion of RCR was applied to the PEI-beads, unadsorbed
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Fig. 2, Standard curve for the determination of RCR quantity
generated from an amplification plot of real-time quantitative RT-
PCR. Serial dilutions of RCR solution were analyzed by quantitative
RT-PCR. A standard cttrve was generated from the amplification plot
of RCR using real-time quantitative RT-PCR. The correlation
coefficient is 0.998. Data are the mean + S.D. ( = 3).

viruses were detected in the supernatant (Table 1). As
a result, RCR treated with PEI-beads were maximally
concentrated about 10-fold from 1 ml of virus solution
and 100-fold from 10 mi of virus solution compared to
direct extraction from 100 pl of original virus solutions,
and at the same time, the assay sensitivity was increased
about 10- and 100-fold, respectively (Table 1, Fig. 3B).
These results clearly demonstrated that PEI-beads
efficiently adsorbed RCR, and that this novel virus
concentration method is useful for improving the
sensitivity and lowering the limits of RCR detection.

3.3. Amplification of RCR in cell culture
Jor infectivity RT-PCR

For the screening of RCR in retrovirus vector
products, it is necessary to detect very less amounts of
RCR among large amounts of retrovirus vectors. In our
preliminary study, however, viral env DNA sequences
derived from a packaging cell line were used to

Reftrovirus Vector
(TCRIP-LEGFP1)

SLTR ()

EGFP —1 3LTR

Moloney MLV

AMLV t
4070A env holoney MLV,

RCR SLTR (0  gag

JFLTR

Primers: env1018F env1082R

Probe: env1040TM

Fig. 1. Structure of RCR and retrovirus vector used in this study. The open bars represent Moloney MLV genome, the gray bar represents the
expression cassette for the EGFP gene, and the striped bar represents the AMLV 4070A env gene. Black arrows and a small black square underneath
the RCR genome indicate the location of the primers and a probe for RCR detection, respectively.
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B) qRT-PCR

—&— RCR 0.1ml, untreated
-4 RCR 1ml, PEl-beads fr.
~®—RCR 10mIL_PEI-b¢adI fr.

Detection Limit

0.001 0.-01 0'.1 1 10
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Fig. 3. Concentration of RCR by PEI-beads. (A) RCR solution (10~ dilution) was fractionated with PEL-beads. Viral genome RNA extracted from the
PEI-beads adsorbed fraction and unadsorbed supernatant were amplified with RT-PCR and analyzed by 5% agarose gel. M: 20 bp DNA ladder; —:
untreated RCR solution; A: PEI-beads adsorbed fraction; UA: PEl-beads unadsorbed supernatant fraction. (B) One or 10 ml of serial dilutions of
RCR solution was incubated with PEI-beads. Viral genome RNA extracted from the PEI-beads adsorbed fraction and untreated RCR solution was

analyzed by real-time quantitative RT-PCR.

contaminate WCRIP-LEGFPI retrovirus vector super-
natants and detected using the same conditions used for
the detection of RCR RNA (data not shown). Then, in
order to detect only infectious RCR in retrovirus vector
products by quantitative RT-PCR, we developed an
infectivity RT-PCR. We first infected M. dunni cells with
solutions containing various titers of RCR and cultured
for several days. The replicated RCR in culture super-
natants was then concentrated by PEIl-beads and
quantified by real-time RT-PCR.

Fig. 4 demonstrates the time course of the detection
of RCR by infectivity RT-PCR. When M. dunni cells
were infected with 10 or 100 iu of RCR, the viruses were
linearly amplified from day 3 to day 7 (Fig. 4), and all 3
dishes had detectable amounts of virus even on day 2
(Table 2). When the cells were infected with 1 or 0.1 iu
of RCR, amplification of RCR could be detected in
more than one of the dishes after day 2 and day 35,
respectively, though the level of amplification varied

widely between the dishes (Table 2). RCR could not be
amplified when the cells were infected with 0.01iu of
RCR. The same RCR solutions were also examined by
direct S + L~ assay using PG-4 cells (Table 2). We could
not detect any focuses after 3 days of infection. On day 7,
only when cells were infected with 100 iu of RCR, focuses
were observed in 100% of wells. However, infection with
10 or 1 ju of RCR induced focus formation in only 12 or
1/6 of infected wells, respectively. These results demon-
strated that infectivity RT-PCR was able to detect RCR
more rapidly and 10- to 100-fold more sensitively than
conventional § + L— assay.

3.4. Detection of RCR in retrovirus vector
supernatant by infectivity RT-PCR

Finally, various amounts of RCR spiked in 10® cfu of
retrovirus vector supernatant were examined by in-
fectivity RT-PCR with RCR concentration by PEl-beads

Table 1
Quantitative analysis of RCR concentration using PEI-beads
RCR dilution RCR quantity {iu/sample)

RCR 0.1 ml RCR ! ml RCR 10ml

Untreated Adsorbed fr. Unadsorbed fr, (0.1 ml) Adsorbed fr. Unadsorbed fr. (0.1 ml}
167! 2.0 % 10° 4.0 % 10° 4.9 % 10! 6.3 % 10° 6.3 % 10
102 96 X 10° 1.4 ¥ 10° - 3.8 X 10° 4.4 x10°
1072 37 % 10° 3.4 % 10t - 7.2 % 10° L5 % 10°
107* 48 % 10 33 x10° - 6.6 X 10* -
1075 24 %10 1.2 % 10* - 2.6 X 1¢° -
107¢ 2.1% 10° 6.9 % 10° - 12%10? -
107 - 3.8 107! - 1.0x 10! -
107¢ - - - 56x 107! -
10-? - - - - -

Serial log ditutions of RCR solution {RCR Reference Material; original concentration: 6.9 X 107 iu/mi} were fractionated with PEI-beads. The
amounts of RCR RNA extracted from the PEI-beads adsorbed fraction and unadsorbed fraction were quantified by real-time RT-PCR. —: Under

detection limit.
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Fig. 4. RCR growth cutve in M. dunni cells. M. dunni cells were
infected with serial log dilutions of RCR solution. Culture super-
natants were harvested at the indicated time, and RCR was
concentrated by PEI-beads. Viral genome RNA was extracted from
PEI-beads and the amount of RCR was determined by real-time
quantitative RT-PCR. Data are the mean  S.D. (n = 3).

(Fig. 5, Table 3). The amount of RCR was evaluated on
3, 5,7, and 10 days after infection. Infectivity RT-PCR
was able to detect 1iu of RCR on day 3, and 0.3iu of
RCR on day 10 (Fig. 5). The detection ratio of 100%
could be achieved for 10 ju onday 3 and 3iuon day 5. We
could not detect any env DNA from the culture
supernatant of M. dumni cells after infection and
cultivation of retrovirus vector supernatant (data not
shown). When the same RCR samples were evaluated by
direct § + L— assay, we could not detect any focuses on
day 3, and focuses could be detected at liu on day 7,
although 100 iu was required for 100% detection (Table
3). Therefore, it is demonstrated that infectivity RT-PCR
improved the level of sensitivity for the detection of RCR
in retrovirus vector products 3- to 10-fold and shortened
the assay period compared with the conventional § + L—
assay.

4. Discuossion
In the present study, we have developed a novel RCR

detection method based on an infectivity RT-PCR and a
virus concentration method using PEI-beads. Real-time

Table 2

1w*
=107 [—#-Days
10. . | =A—Day5
105 } ——Day7
10t | —&—Day 10

RCR Detected (iu/dish

10 | .

101 N /

10' |

100 - e g AR e e 1

10! Detection limit

102, : . . . .
00t 01 03 1 3 0 100

RCR Infection {iu/dish)

Fig. 5. Detection of RCR spiked in retrovirus vector supernatant by
infectivity RT-PCR. M. dunni cells were infected with serial dilutions
of RCR solution in 10% cfu/ml of WCRIP-LEGFP] retrovirus vector
supernatant, Cell culture supernatants of infected cells were harvesied
onday 3, 5, 7 and 10, and then RCR was concentrated by PEI-beads.
The amount of RCR genome RNA extracted from the PEI-beads
adsorbed fraction was determined by realk-time quantitative RT-PCR.
Data are the mean 1 8.D. (n = 5).

quantitative RT-PCR is a suitable alternative to con-
ventional RCR detection by infectivity assays because jt
is not only a quantitative but also a more sensitive
method. However, viral env DNA derived from pack-
aging cells was also detected in retrovirus vector
supernatants used in this study under the same con-
ditions used to detect RCR RNA (data not shown).
Although RCR spiked in retrovirus vector supernatants
was concentrated with PEI-beads, env DNA was also
detected in the PEI-beads adsorbed fraction (data not
shown). The mechanism of virus-adsorption by PEI-
beads remains unclear, but it is hypothesized that the
positive charge field of the PEI molecule might tightly
interact with the negative charge of surface lipids or
negatively charged proteins on viruses [14]. It is possible
that PEl-beads adsorbed RCR particles as well as
negatively charged DNA fragments. Therefore, to detect
only infectious RCR by quantitative RT-PCR, infection
and replication of virus in permissive cells is inevitable.
The method of amplifying a virus in a permissive cell
line, as used in infectivity RT-PCR, is also a common
method to increase the assay sensitivity for virus detec-
tion, and is often used before conventional indicator cell

Comparison of sensitivity of RCR detection by direct 8 + L— assay and infectivity RT-PCR

RCR infection Direct § + L~ assay

Infectivity RT-PCR

(iu/dish) Day 3 Day 7 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

100 - (0/6) + (6/6) + G/ + () +03) + G + 63 + (/%)
10 - {¥/6) + (3/6) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3)
I - (O/f) t (1/8) + (1/3) + (1/3) + 0/ + (/%) + /) + 253)
01 - (0/6) - (0/6) - {0/3) - {0/3) -~ (0/3) + (3/3) T 2/3) + (3/3)
0.01 ~ {0/6) - (0/6) - (0/3) - (0/3) - (0/3) - {0/3) - {0/3) -~ (0/3)

Serial log ditutions of RCR solution were evaluated by direct PG-4 (S + L-) assay or infectivity RT-PCR conducted in conjunction with virus
concentration using PEI-beads. Data are presented as positive assays {dishes or wells) over the total number of assays performed. +: All the dishes or
wells were positive for RCR; +: at least one dish or well was positive; —: none of the replicates were positive.
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Table 3 ‘
Comparison of direct § + L— assay and infectivity RT-PCR on RCR detection spiked in retrovirus vector supernatant

RCR' infection Direct S + L— assay Infectivity RT-PCR

(iu/dish) Day 3 Day 7 Day 3 Day 5 Day 7 Day 10
100 = (0/5) + (5/5) + (5/5) + (5/5) + (5/5) + (5/5)
10 - (0/9) + (4/5) + (5/5) + (5/3) + (5/5) + (5/5)
3 - {0/5) X 2/5) + (1/5) + (5/5) + (3/5) + (5/5)
1 - {0/5) {1/ * @2/9 1 2/9) t /9 + (3/5)
0.3 - (0/5) - (0/5) = (0/3) - (0/5) - {0/%) 1 (/5
0.1 ~ (0/5) - (0/5) = (0/5) - (©0/5) - (0/5) - {(0/5)
0.01 = (0/5) = {0/5) = {0/5) - (0/5) = (0/5) — (13)

Serial dilutions of RCR in 10° cfu/ml of WCRIP-LEGFP1 retrovirus vector supetatant were evaluated by direct PG-4 (S + L—) assay or infectivity
RT-PCR conducted in conjunction with viral concentration using PEI-beads. Data are presented as positive assays (dishes or wells) over the total
number of assays performed. +: All the dishes or wells were positive for RCR; +: at least one dish or well was positive; —: none of the replicates

were positive.

assays. In infectivity RT-PCR, the indicator cell assay
was replaced by quantitative RT-PCR subsequent to the
amplification of viruses,

Concentration of retrovirus particles is a simple
method to increase the sensitivity of RCR detection.
Several approaches to concentrate viruses have been
tried in an attempt to enhance the sensitivity of virus
genome detection [15—17). Ultra-centrifugation is widely
used for virus concentration, although it is associated
with loss of infectivity of MLV [18]. Centrifugation at
high-speeds for long duration has been used for
concentration of retrovirus vectors [19,20], but this
method is very time-consuming and not suitable for
virus screening. Polyethylene-glycol (PEG) precipitation
is a simple and easy method to concentrate several
viruses, but the excess amount of PEG hampers the PCR
reaction. In the present study, we have demonstrated
that PEI-beads efficiently concentrated RCR in pro-
portion to the volume of virus solution used for the
assays. Virus concentration with PEI-beads js a simple
and rapid method and is suitable for multiple sample
preparation for quantitative RT-PCR.

By the combination of infectivity RT-PCR and virus
concentration with PEl-beads, we have developed
a novel RCR detection method. We demonstrated that
liu of RCR spiked in 10%cfu/ml of vector products
could be detected within 3 days, and the sensitivity for
viral detection was increased 3- to 10-fold compared
with the direct S + L— assay. By this method, the
presence of retroviral vector interfered with RCR
detection [5] only slightly. As a result, this method can
detect infectious RCR more rapidly and more sensitively
and less labor intensive than conventional cell assays.
However, the detection sensitivity was not additively
improved as expected from the data of quantitative RT-
PCR and virus concentration by PEI-beads. We
consider that the limiting step of the detection of RCR
by infectivity RT-PCR is the initial infection of the
permissive cells with the virus, and thus it is difficult to
improve the sensitivity after the replication step. In this

case, improvement of the infection process may increase
the detection sensitivity. We used polybrene for enhanc-
ing viral infectivity, as is done in conventional infectivity
assays, but the effect was limited. It has been reported
that spinoculation, in which RCR samples are in-
oculated under centrifugation, increased the sensitivity
of RCR detection by the § + L— assay and marker
rescue assays [6]. Alternatively, co-precipitation of
retrovirus vector with calcium phosphate [21] or
complexation with polybrene and chondroitin sulfate
C [22] has been shown to increase the transduction
efficiency. Utilizing these methods may be useful for
increasing the infectivity sensitivity of RCR detection by
infectivity RT-PCR.

The RCR detection method described here was
designed to specifically detect infectious AMLV RCR
in retrovirus vector products. The same strategy should
be applied to RCRs other than AMLYV by using primers
and a probe designed to detect the specific RCR RNA.
Furthermore, the infectivity (RT-) PCR strategy may be
applicable to the detection of other replication-compe-
tent viruses. We have demonstrated that the infectivity
PCR method was superior to the conventional cell
culture/CPE method for detecting replication-competent
adenovirus and useful for the detection of RCA in
adenovirus vector products [23].

In conclusion, infectivity RT-PCR conducted in
conjunction with virus concentration using PEI-beads
can detect infectious RCR more sensitively and rapidly
than the conventional infectivity assay. This novel
method would be useful for detecting RCR in retrovirus
vector products.
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CHANGES I JAPANESE
PHARMACEUTICAL AFFAIR LAW AND
GUALITY REGULATIONS

by Yukio Hiyama

‘E’he revised Pharmaceutical Affair Law (rPAL) was
passed by the Diet in July 2002 and its
implementation is due in April 2005. The major
changes include revision of the approval system
and enhancement of post-marketing safety
measures, especially for medical devices and
biologics.

Under the changes, revisions of Quality Regufations will
have impact on:

1) Market Approval Holder's responsibility for the

quality management;

2) Drug Master File system to support Common
Technical Document (CTD) based applications (*CTD
based application became effective in July 2003);

3) Consolidation of the lega! positioning of GMP;
4) Revision of GMP standards.

Under the old pharmaceutical product approval system,
approval {(Manufacturing or Importation) was granted to
manufacturers if the product was made domestically or
to importers if made overseas. That meant that
Japanese pharmaceutical companies had to
manufacture their own products while foreign
pharmaceutical companies did not have to do so. This
was seen as a huge discrimination against the domestic
industry. For importers, there was a quality assurance
system called Good Import Practices (GMPI), which
required foreign pharmaceutical companies to comply
with GMP. However, under GMPI, Japanese inspectors
did not normally inspect foreign manufacturing
facilities.

Under the new law, the two-tier system will disappear
and become one system, Market Authorization. The new
law allows all parties to subcontract manufacturing
activities and requires market approval holders to
ensure product quality no matter where products are
made.

In order for market authorization holders to ensure
product quality, the new law requires applicants to

YUKIO HIYAMA PhD, is chief, Third Section, Division of
Drugs, National Institute of Health Sciences, MHLW, Japan.
email; hivama@nihs.go.jp

provide full details of product design and
manufacturing processes which could be developed and
manufactured by others. The Common Technical
Document (CTD) based application, which became
mandatory in July 2003, gives guidance to applicants on
what should be described in pharmaceutical
development and in manufacturing processes. Those
areas were poorly described in old non-CTD based
applications. The reason why they were not described
well s that most manufacturing processes were not
subject to assessment/review in the old system and so
this is not part of the new approval system. In order to
promote CTD based applications, a Master File system
will be created. Manufacturers will probably register
master files for active pharmaceutical ingredients, new
kinds of additives and specialized processes.

Approval matters are provided in the approval
document, which is generally 10 to 20 pages long.
Specifications and test methods occupy the majority of
the document whilst manufacturing processes are
described in less than one page. To change the approval
matiers, partial changes of applications must he
submitted and reviewed. Partial change review
currently takes one year.

However, much more detailed description about the

‘manufacturing process is desperately needed under the

new law, with the help of a CTD based application. In
order to make the new review/regulatory system
effective, a notification system for non-critical approval
matters has been established. To change those non-
critical approval matters, the Market Authorization
holder notifies the government with the required
information within a month or so. Although no
assessment will be done at the time of notification,
rationale and data for the changes will be subject to
GMP inspection at a later date. Active discussion is taking
place to determine what portion of the manufacturing
processes should be approval matters and what should
be notification items. Probably principles and end
points of the critical manufacturing steps with key
operational parameters will become approval matters.
Only principal and quality end points for each
manufacturing step would be subject to pre-approval
review. (see Figure).

GMP compliance becomes a core requirement for the
Market Authorization system. GMP compliance checks
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document for approval matters. In 2002-
2003, the GMP guidance study group
focused on quality systems, regulatory
system issues, technology transfer and
laboratory control. The guality system
subgroup for example, recommended
that Market Authorization holders
should have a declaration statement of
responsibilities/authorities, organization,
and resources in their guality system.

The technology transfer subgroup made
the following recommendations: a
development report should be written
and transferred to the manufacturer;
product specifications should be set by
reflecting critical functional attributes,
which should be clearly defined at the
Product Quality Design stage; the

Figure. Structure of CMC portion of drug application. In the old system, ~specifications with rationale should be in
specifications and test methods occupy the majority of the portion. Changing  the development report, which should be
approval matters currently takes one year. In the new CTD based application, ~available for review.

the portion of agproval matters is eipanded to inc_!qde core information on Draft GMP-related guidance documents
the manufacturing process. To change non-critical approval matters, with an inspection policy will be

companies need only submit a notification.

for each new application will be conducted prior to
approval. This requires Industry to finalize technology
transfer before approval and gives the regulatory
authority an opportunity to check on the qualification of
the final manufacturing process against the description
in the application document.

The rPAL and its regulations are major undertakings
both to Authorities and Industry. In order to streamline
the review and inspection systems, the Pharmaceuticals
and Medical Devices Agency has been established in
April 2004 by combining the review function under NIHS
and the inspection function of the Kiko. Several Health
Science Grant-sponsored study groups have been
formed to establish comprehensive GMP guidance
documents, GMP inspection policies and a scope

published and a framework of approval
matters set by Summer 2004.

The regulation changes give opportunities for a
complete description of the Quality System in the
applications and for better knowledge transfer/
management both in the Regulatory Authority and in
Industry. Training of reviewers and inspectors would be

_achallenge for the Authority while most companies will

need to change undesirable mindsets, which were
presumably created by the old system.

Because expectations created by rPAL have a strong link
with the new ICH quality topics, i.e. Pharmaceutical
Development and Quality Risk Management, we hope
that international collaboration and learning such as
discussion at the ICH will be helpful in implementing
the new Pharmaceutical Affair Law.
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