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Fig. 3. Concentration of RCR by PEI-beads. (A) RCR solution (10"5 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: PEI-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-LEGFPI1 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 PEI-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. dunri 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 S5,
respectively, though the level of amplification varied

Table 1
Quantitative analysis of RCR concentration using PEI-beads

widely between the dishes (Table 2). RCR could not be
amplified when the cells were infected with 0.01 iu 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 iu of RCR induced focus formation in only 1/2 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 S + 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 PEI-beads

RCR dilution RCR quantity (iu/samplie)

RCR 0.1 ml RCR 1 ml RCR 16 ml
Untreated Adsorbed fr. Unadsorbed fr. (0.1 ml) Adsorbed fr. Unadsorbed fr. (0.1 mi)

107} 2.0 X 10° 4.0 % 10° 49 X 10! 6.3 X 10° 6.3 X 10

1072 9.6 X 10* 1.4 % 108 - 3.8 X 10° 44%10°

1073 37X 10° 3.4 % 10 - 7.2 X 10° 1.5 % 10°

1074 4.8 X 10° 3.3 X 10° - 6.6 X 10* -

1073 2.4 % 10! 1.2 X 10° - 2.6 X 10° -

10-¢ 2.1 X 10° 6.9 X 10° - 1.2 % 10? -

1077 - 3.8% 107} - 1.0 X 10 -

108 _ _ - 5.0 107! -

10~* - - - - -

Serial log dilutions of RCR solution (RCR Reference Material; original concentration: 6.9 X 107 iu/mil) 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 curve 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
PEl-beads and the amount of RCR was determined by real-time
quantitative RT-PCR. Data are the mean 1 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 iu on day 3 and 3iuon day 5. We
could not detect any env DNA from the culture
supernatant of M. dunni cells after infection and
cultivation of retrovirus vector supernatant (data not
shown). When the same RCR samples were evaluated by
direct S + L— assay, we could not detect any focuses on
day 3, and focuses could be detected at 1iu 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 S + L—
assay.

4. Discussion
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
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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-LEGFP1 retrovirus vector
supernatant. Cell culture supernatants of infected cells were harvested
on day 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 real-time quantitative RT-PCR.
Data are the mean + S.D. (n = 5).

quantitative RT-PCR is a suitable alternative to con-
ventional RCR detection by infectivity assays because it
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 PEl-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 PEI-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 S + L— assay and infectivity RT-PCR

RCR infection Direct S + L— assay

Infectivity RT-PCR

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

100 - (0/6) + (6/6) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3)
10 - (0/6) + (3/6) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3) + (3/3)
i = (0/6) x (1/6) + (173 + (1/3) +(173) + (1/3) + (3/3) 1 (273)
0.1 ~ (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 dilutions 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 S + L— assay and infectivity RT-PCR on RCR detection spiked in retrovirus vector supernatant

RCR infection
(iu/dish)

Direct S + L— assay

Infectivity RT-PCR

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/ x (4/5) + (5/5) + (5/5) + (5/5) + (5/9)
3 — (0/5) + (2/5) 1 (1/5) + (5/5) + (3/5) + (5/5)
1 - (0/5) + (/5 + @5 T @2/5) + (4/5) + (3/5)
03 - {0/5) - (0/5) - (0/5) - (0/5) - (0/5) + (1/5)
0.1 - (0/5) - (0/5) - (0/5) - (0/5) - ©/5) - (0/5)
0.01 - {0/5) = (0/5) - (0/5) - (0/5) = ©/5) - (0/5)

Serial dilutions of RCR in 106 ¢fu/ml of WCRIP-LEGFPI retrovirus vector supernatant 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 is 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 PEIl-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 S + 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 AMLV 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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into Recombinant Adenovirus Vector Products
by Infectivity PCR

Akiko Ishii-Watabe," " Eriko Uchida,? Akiko Iwata,?* Ryuji Nagata,? Kouei Satoh,?
Kejun Fan,* Mitsuhiro Murata,* Hiroyuki Mizuguchi,2 Nana Kawasaki,'
Toru Kawanishi,’ Teruhide Yamaguchi,? and Takao Hayakawa®

!Division of Biological Chemistrv and Biologicals and ?Cettular and Gene Therapy Products, dnd SNetional Institule of Health Sciences,
1-18-1 Kaniivoga, Setagaya-ku, Tokyo 158-8501, Jupon
Hnstitmie of Saitanw Red Cross, 1370-12 Takaogi, Hidaka, Saitamna 350-1213, Japan
*ISR Corporation, 25 Miyukigaoka, Tsukuba 305-0841, Japan

FTo whom correspondence and reprint requests shonld be addressed. Fax: +81-3-3700-9084. E-mail: watabe@nihs.go.jp.

The presence of replication-competent adenovirus (RCA) in clinical lots of adenovirus vectors
raises a variety of safety concerns. To detect RCA in adenovirus vector products, the cell cuiture/
cytopathic effect (CPE) method has generally been preferred. However, it is difficult to evaluate
the amount of RCA clearly and quantitatively by this method. In addition, the cell culture/CPE
method requires large-scale cell culturing and a substantial amount of time. For the purpose of
establishing a method to detect RCA more sensitively and rapidly, we developed the infectivity
PCR, a hybrid method that combines the infectivity assay and quantitative PCR. This method
allows RCA to be quantified by real-time quantitative PCR using primers and a probe designed for
E1 DNA. By infectivity PCR, 1 pfu of RCA spiked into 10° particles of adenovirus vectors could be
detected. In contrast, CPE was observed in the cells infected with 10* pfu of RCA spiked into 10°
particles of adenovirus vectors. The glass-beads method was suitable for extracting DNA rapidly
from the RCA-infected cells. These results showed that infectivity PCR combined with the glass-
beads-based DNA extraction method was useful for the detection of RCA in adenovirus vector
products.

Key Words: replication-competent adenovirus, adenovirus vector, infectivity PCR

El-deleted adenovirus vectors relies on the complemen-
tation functions present in HEK293 cells into whose ge-
nome E1 DNA has been inserted. However, HEK293 cells
are prone to the generation of replication-competent ad-
enovirus (RCA) as a result of recombination events be-
tween the vector DNA and the integrated adenovirus se-
quences present in the cells [11]. The presence of RCA in
adenovirus vector products raises the possibilities of ade-
novirus infection, unintended vector replication due to
the presence of wild-type helper function, and exacerba-

INTRODUCTION

Recombinant adenovirus vector is one of the most prom-
ising vectors available for human gene therapy. In fact,
adenovirus vector-based gene therapies now account for
26.9% of all clinical gene-therapy protocols [1]. Consid-
crable efforts have been made to improve the potency of
adenovirus vectors to make them more useful for gene
therapy, e.g., regulation of target-cell specificity by mod-
ifying fiber protein [2-7], application of cassettes that
enable the regulation of gene expression |8,9], and reduc-

tion of immunogenicity by deleting all viral genome se-
quences [10]. However, there have been few studies inves-
tigating the establishment of a system to ensure the safety
of these vectors.

The vast majority of adenovirus vectors are constructed
by inserting the therapeutic genes in place of the essential
viral E1 sequence in the adenovirus. The generation of

tion of host inflammation response [12]. Because it is
extremely difficult to avoid completely the emergence of
RCA in adenovirus vector products by means of the cur-
rent production technique, examining the level of RCA in
each lot of adenovirus vector products is important [12].
In addition, examining for the presence of RCA in the
patients who have been administrated adenovirus vectors
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is important to test for viral shedding during the clinical
study.

As a method to detect RCA in adenovirus vector prod-
ucts, the cell culture/cytopathic effect (CPE) assay has
generally been used {13,14]. In the cell culture/CPE assay,
the vector products are infected into cells, the RCA are
amplified, and the CPE induced by the RCA is observed.
By this method, the presence of RCA is judged by micro-
scopic observation, and thus the results may not always
be accurate and quantitative. In addition, this method
requires large-scale cell culturing and a substantial
amount of time. As a sensitive method to detect viral
DNA, PCR is thought to be useful [11,15]). However, be-
cause the infectivity of the viral DNA cannot be measured
by PCR, the cell culture/CPE assay is still recommended
by the FDA [12]. For all of the above reasons, there is need

for a more sensitive, quantitative, and rapid method for

the detection of RCA.

In the present study, we established an infectivity PCR
method for detecting RCA. Infectivity PCR is a hybrid
method that combines the best features of the infectivity
assay and PCR. By this method, the virus is allowed to
replicate in the cell culture, as in the traditional cell cul-
ture/CPE assay, and the amount of virus replicated in the
cells is determined by quantitative PCR rather than by
observing CPE. For efficient extraction of the DNA from
RCA-infected cells, a novel glass-bead method was devel-
oped. Our results demonstrated that the infectivity PCR
method combined with glass-beads-based DNA extraction
was superior to the classical cell culture/CPE method for
detecting RCA.

REesuLTS

Quantification of RCA by Real-Time Quantitative
PCR

As a first step in establishing an infectivity PCR method,
we developed a real-time quantitative PCR that can quan-
tify the copy number of the RCA genome. We designed
four pairs of primers and probes for the detection of El
DNA, which is included in the RCA genome but not in the
adenovirus vectors. Among them, the AdSdE1-1035F and
AdSdET-1105R primers and the AdSdEI-1058TM probe
worked well for quantifying the RCA genome. Fig. 1A
shows the standard curve with the starting quantity of
RCA on the x axis and the threshold cycle (Ct denotes the
PCR cycle at which the threshold line intercepts the am-
plification cutve) on the y axis. The threshold cycle and
the log-transtormed concentration showed a high, in-
verse correlation in a linear fusion from 10% to 10* parti-
cles.

Detection of RCA by Nested PCR

Since the nested PCR method is known to be suitable for
detecting low concentrations of DNA, we applied it here
to detect the DNA extracted from 10*, 10%°, or 10" parti-
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FIG. 1. Detection of RCA by PCR. Viral genome DNA was extracted from serial
log difutions of RCA and ampilification of each sample was performed by (A}
real-time quantitative PCR or (B) nested PCR. (A) Standard curve for the
determination of RCA quantity generated from the ampilification plot of real-
time quantitative PCR. Data are the means + SD of triplicate ampilifications. (B)
Detection of a low copy number of RCA by nested PCR (n = 10). The particle
numbers in the samples were 10', 10™° and 10°. M, molecular weight
marker.

cle(s)/tube of RCA. When nested PCR was performed in 10"
tubes, the amplification succeeded in the ratios of 9/10 for
10" particles, 5/10 for 10”5 particles, and 1/10 for 10°
particles (Fig. 1B). Although DNA concentration cannot
be quantitatively determined by nested PCR, it can be
estimated from the hit rate of the amplification. This
estimation assumes that, when low concentrations of
samples are transferred from a stock tube to PCR tubes,
viral particles will not necessarily be present in all the
reaction tubes. If the PCR is optimized, then as little as
one copy of DNA can be amplified, and the relationship
between the hit rate in the PCR and the average copy
number in the PCR tubes can be calculated as follows:
1/10 for 0.105, 2/10 for 0.233, 3/10 for 0.357, 4/10 for
0.511, §/10 for 0.693, 6/10 for 0.916, 7/10 for 1.20, 8/10
for 1.61, and 9/10 for 2.30 {16,17]. In our experiments,
half of the extracted DNA was subjected to the nested
PCR; therefore, the hit rate of the PCR and the RCA copy
number were 1/10 for 0.5, 5/10 for 1.58, and 9/10 for 5.
Although the hit rate in this experiment seemed to be
stightly lower than the theoretical values, this does not
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FiG, 2. Detection of RCA spiked into adenavirus vectors by real-time quanti-
tative PCR. 10", 10%, 10°, or 107 particies of RCA were spiked into 0, 10%, 107,
or 10'¢ particles of adenavirus vectors (AdHM4LacZ). Viral DNA was extracted
from each sample, and £1 DNA was detected by real-time quantitative PCR.
Data are the means * SO of triplicate amplifications. The background Ct (Ad
without any RCA) was 39.1 for 10* particles of adenovirus vectors, 39.2 = 1.6
for 107 particles, and 35.2 + 0.04 for 10" particles.

necessarily invalidate the results, since DNA may have
been lost during the DNA extraction, and the detection
limit may have been higher than one copy. These results
demonstrated that the nested PCR could be used for the
detection of lower concentrations of RCA and that the
detection limit might be fewer than 10" particles.

Measurement of RCA in Adenovirus Vector Products

Because, in practice, it is often necessary to detect very '

slight amounts of RCA in high concentrations of adeno-

virus vectors, we next tried to quantitate the amount of

RCA spiked into adenovirus vectors. We extracted viral
genome DNA from 107, 10%, 105, or 107 particles of RCA
spiked into 10, 107, or 10'? particles of adenovirus vec-
tors and then measured the amount of RCA by real-time
quantitative PCR. As shown in Fig. 2, when the RCA
concentration was higher than 10% particles/sample, the
amount of RCA could be measured without major inter-
ference by coexisting adenovirus vectors. However, when
the spiked RCA concentration was 10" particles, the Ct
value seemed to be lowered by the presence of adenovirus
vectors. From these results, although RCA was thought to
be detectable even in the presence of adenovirus vectors,
the adenovirus vectors used in this experiment might
have contained a certain amount of E1 DNA. We there-
fore examined several lots of adenovirus vectors for the
presence of E1 DNA by nested PCR. When 10'? particles
of adenovirus vectors were subjected to the nested PCR,
E1 DNA was detected in all seven lots tested. When 10°
particles of adenovirus vectors were tested, E1 DNA was
detected in four of the seven lots tested (data not shown).

Because we could not distinguish whether the E1 DNA
detected in adenovirus vectors was derived from RCA or
HEK293 cells, we tested for the presence of HEK293 cell-
derived 1DNA in the vector products by PCR. For this

purpose, we used primers designed for the sequence of the
pregnancy-specific glycoprotein (PSG) gene, in which the
adenovirus E1 gene is inserted into the HEK293 cell ge-
nome [18]. In all iots examined, PSG DNA was detected in
10"9 particles of adenovirus vectors, meaning that the
adenovirus vector products contained HEK293 cell-de-
rived DNA as impurities (Fig. 3A). E1 DNA was barely
detected in 10'? particles of adenovirus vectors (Fig. 3B).

‘These results showed that adenovirus vectors can be sub-

jected to the direct measurement of RCA by PCR, al-
though the results are complicated by the presence of
residual HEK293 cell DNA. To separate RCA from HEK293
cell-derived DNA, we attempted to establish an infectivity
PCR method for the measurement of RCA in adenovirus
vectors. In the infectivity PCR assay, RCAs are expected to
be selectively amplified in the cells that support their
growth.

Comparison of the Amount of RCA in Cells and
Cultured Medium from RCA-Infected Cell Culture

To determine a suitable source for the PCR template in
infectivity PCR, we compared the amounts of E1 DNA in
the cells and cultured medium from the RCA-infected cell
culture. We infected Hel.a cells with serially diluted RCA
and cultured them. We extracted DNA from the cells and
cultured media and then subjected it to real-time quanti-
tative PCR. In this experiment, we used one-third of the
cells or one-hundredth of the supernatant from each dish
for DNA extraction. A 100-fold higher amount of RCA was
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FIG. 3. Detection of pregnancy-specific glycoprotein (PSG) or ET DNA in
adenovirus vectors by PCR. Viral DNA was extracted from 10'® particles of
adenovirus vectors and then (A) 293 cell-derived pregnancy-specific glycop-
rotein DNA or (B) E1 DNA was detected by PCR. DNA from HEK293 cells was
used as a positive control. Lane A, AdHMA4lacZ (Lot 0516); lane B,
AdHM10LacZ-3 (Lot 0529); lane C, AdHM10LacZ-4 (Lot 0529); lane D,
AdHM10LacZ-5 (Lot 0529), lane RCA, replication-competent adenoviruses;
lane 293, genomic DNA extracted from HEK293 cells; lane M, molecular
weight marker. (C) E1 DNA inserted into the chromosome of HEK293 cells and
the positions of the PCR primers used are shown.
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FIG. 4. DNA extraction using glass beads. (A) Procedure of DNA extraction
from cell pellets using glass beads. (B) Comparison of the efficiency of DNA
extraction. DNA was extracted from RCA-infected Hela cell lysate by the
EX-R&D reagent or glass-beads method. The copy number of E1 DNA in each
sample was determined by real-time quantitative PCR.

detected in the DNA extracted from the cells compared
with that from the cultured medium (data not shown).
Therefore, we considered the cells to be a suitable source
for further examination of the propagation of RCA.

In the preparation of DNA from RCA-infected cells,
cellular genomic DNA caused high viscosity and disturbed
the subsequent PCR. However, cellular genomic DNA
could Dbe digested by nuclease after freezing and thawing
without damaging the viral DNA, because the viral DNA is
protected by capsid proteins. By this procedure, we could
extract viral DNA from more than 1 x 10° cells and use it
as a template for the PCR, although this procedure was
laborious. We considered that glass beads, which were
initially developed for extracting cellular DNA, might be
used to simplify this step, and therefore we examined a
glass-beads-based DNA extraction method (Fig. 4A). The
protocol for the glass-beads method is simple and less
time-consuming than extracting DNA after freczing and
thawing followed by nuclease treatment. [or comparing
the efficiency of DNA extraction using glass beads to that
using the SMI TEST EX-R&D, we extracted DNA from cells
that contain the same amount of RCA. We used the SMI
TEST EX-R&D as an example of a method that can extract
DNA with high efficiency {19]. As shown in Fig. 4B, we
detected equal amounts of RCA in DNA extracted by these
two methods, meaning that glass beads are usefui for
extracting DNA rapidly, with an efficiency similar to that
of the previous method.

Infectivity PCR for the Detection of RCA
For examining the infectivity PCR, we used RCA in the
absence of adenovirus vectors as a preliminary experi-

ment. Hel.a cells were infected with serial log-diluted RCA
0, 0.1, 1, 10, 100, 1000, 10,000 pfu) in triplicate and
cultured. After culturing them for 1, 3, 6, or 9 days, we
harvested the cells and extracted the DNA using glass
beads. We then measured the amount of RCA in each
sample by real-time quantitative PCR. As shown in Figs.
5A and 5B, we detected RCA in all of the triplicate samples
that had been infected with more than 1 pfu of RCA. RCA
was not detected in the samples that had been infected
with 0.1 pfu of RCA. Therefore, we concluded that at least
1 pfu of RCA was detectable by this assay. In parallel with
this infectivity PCR assay, we observed the cells by mi-
croscopy and tested for CPE (Fig. 5C). On day 6, we
observed weak signs of CPE in the cells that had been
infected with 1000 pfu of RCA, and we clearly observed
CPE in the cells that had been infected with 10,000 pfu of
RCA. On day 9, we observed slight CPE in the cells that
had been infected with 100 pfu of RCA, and we clearly
observed CPE in the cells that had been infected with
1000 or 10,000 pfu of RCA. These results showed that the
sensitivity of infectivity PCR was 100 or 1000 times higher
than that of the CPE assay. In addition, by the infectivity
PCR method, RCA could be detected at an earlier time
point than by the CPE assay. Since AS549 cells are often
used for CPE assay, we also examined infectivity PCR
using A549 cells. The viability of the cells decreased later
than day 6, and it was difficult to test the CPE. The
amount of RCA amplified in A549 cells tended to be lower
than that in Hel.a cells(data not shown). Therefore, we
used Hela cells for further examination.
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FIG. 5. Comparison of RCA detection by CPE assay and infectivity PCR. Hela
cells were infected with serial dilutions of RCA in medium. CPE was observed
and cells were harvested on days 1, 3, 6, and 9. The viral DNA was extracted
by glass beads and then the amount of RCA was determined by real-time
quantitative PCR. (A) RCA growth curve in Hela cells. Data are the means = SD
(n = 3). (B) The ratio of E1 DNA-positive samples is indicated (n = 3). (C) The
number of CPE-positive samples is indicated (n = 3).
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FIG. 6. Comparison of the detection of RCA spiked into adenovirus vectors by -

CPE assay and infectivity PCR. Hela cells were infected with serial dilutions of
RCA spiked into 107 particles of adenovirus vectors. CPE was observed and cells
were harvested on days 1, 3, 6, and 9. The viral DNA was extracted by glass
beads, and then the amount of RCA was determined by real-time quantitative
PCR or nested PCR. (A) RCA growth cuive in Hela cells. Data are the means *
SD (n = 3). (B and C) The ratio of E1 DNA-positive samples is indicated (n =
3). (D) The number of CPE-positive samples is indicated (n = 3).

Infectivity PCR for the Detection of RCA Spiked into
Adenovirus Vector Products

Finally, we applied the infectivity PCR method for detect-
ing RCA spiked into adenovirus vectors (Fig. 6). We in-
fected 1.5 x 10% Hel.a cellswith 0, 0.1, 1, 10, 100, 1000, or
10,000 pfu of RCA spiked into 10” particles of adenovirus
vectors (AdHM10LacZ-3). Because 107 particles of the ad-
enovirus vector were equivalent to 5 % 107 infectious
units, the multiplicity of infection (m.o.i.) was about 33
in this assay. We harvested the cellson days 1, 3, 6, and 9,
and then we extracted the DNA using glass beads. By
real-time quantitative PCR, we detected RCA in the sam-
ples that had been infected with more than 1 pfu of RCA
(Figs. 6A and 6B). We detected no RCA in the samples
infected with 0.1 pfu of RCA. Therefore we concluded the
detection limit of this assay to be 1 pfu. This result was the
same as that in the assay performed in the absence of
adenovirus vectors. The absolute value of the amplified
RCA was lower than in the assay without adenovirus
vectors. When we also examined the presence of RCA by
nested PCR (Fig. 6C), we detected ET DNA in the samples
infected with 1 pfu of RCA, but we did not detect it in
those infected with 0.1 pfu of RCA, meaning that the
detection limit was still 1 pfu. We observed a slight sign of
CPE on day 9 in only one of the three dishes that had
been infected with 10,000 pfu of RCA (Fig. 6D). CPE
appeared to be suppressed by the presence of adenovirus

vectors. From these results, when we measured RCA
spiked into adenovirus vectors, the sensitivity of the assay
was almost 10,000 times higher by infectivity PCR than
by CPE assay. Thus the RCA contamination in adenovirus
vectors could be detected with high sensitivity and short-
term cell culture by the infectivity PCR method reported
here.

DiscussioN

The infectivity PCR assay was developed for detecting
RCA in adenovirus vectors (Fig. 7). The cell culture/CPE
method in commeon use involves an infection of HelLa or
A549 cells, harvesting, blind passage on fresh cells, and
the search for CPE (I'ig. 7A). It usually takes more than 4
weeks, In the method we reported here, Hel.a cells are
infected with adenovirus vector products and cultured for
3 or more days. The cells are harvested and viral DNA is
extracted using glass beads, and then the amount of El
DNA is measured by real-time quantitative PCR. At [east 1
pfu of RCA spiked into adenovirus vectors can be detected
by this method. The infectivity PCR method thus pro-
vides a more sensitive, rapid, and simple means of testing
the quality of adenovirus vectors than the traditional CPE
assay.

As a sensitive method for the detection of viral ge-
nome, PCR has been widely used. Real-time quantitative
PCR is sensitive and highly reproducible over a wide dy-
namic range in addition to having high-throughput ca-
pacity. in our study, 10* to 10* particles of RCA could be
detected quantitatively by real-time quantitative PCR.
Nested PCR is known to be suitable for the detection of
smaller amounts of DNA. By nested PCR, fewer than 10!
particles of RCA could be detected. While the PCR
method has advantages in terms of sensitivity, it has a
disadvantage in that not only infectious virus but also
uninfectious viral particles or DNA fragments are de-
tected. In our experiments, we used primers and a probe
for the EI sequence that is present in RCA but not in
adenovirus vectors. However, in addition to RCA, HEK293
cells in which the adenovirus vectors had been propa-
gated had the E1 sequence in their genome. Although the
adenovirus vectors had been purified by CsCl ultracentrif-
ugation after treating the HEK293 cell lysate with nucle-
ase, HEK293 cell-derived E1 DNA was detected in adeno-
virus vector products, and thus if the E1 DNA was
detected in adenovirus vector products by PCR, it is not
clear whether the origin is RCA or HEK293 cells. The
presence of cellular E1 DNA in adenovirus vector products
might not be limited to our sample, because purification
by CsCl ultracentrifugation is the method used for the
adenovirus vectors for clinical studies {20], and cellular
DNA has been detected in adenovirus reference materials
[21]. On the other hand, the fact that the ratio of infec-
tious titer to particle concentration was 1:8.6 (see Materi-
als and Mcthods) means that not all of the RCA particles
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FIG. 7. (A) The cell culture/CPE method in common use
involves an infection of Hela or A549 cells, harvesting,
blind passage on fresh cells, and the search for CPE. it
usually takes more than four weeks. (B) In infectivity PCR
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were infectious. Therefore, infection of the adenovirus
vectors into cells was thought to be indispensabie for the
sclective amplification of the infectious RCA particies.

In the infectivity PCR assay, RCA could be detected
with a detection limit of 1 pfu irrespective of the presence
of adenovirus vectors. On the other hand, CPE was ob-
served in the cells that had been infected with 10 to 10*
pfu of RCA without adenovirus vectors or 107 pfu of RCA
spiked into adenovirus vectors. Therefore, for the detec-
tion of RCA spiked into adenovirus vectors, the infectivity
PCR was shown to be almost 10,000 times more sensitive
than the CPE assay.

Since nested PCR was able to detect smaller amounts of
DNA than real-time quantitative PCR, nested PCR was
expected to contribute to an increase in the sensitivity of
the infectivity PCR assay. However, the detection limit of
the assay was still 1 pfu even when nested PCR was used.
This might have been because, at lower concentrations of
RCA, there was a threshold in the steps of infection or
amplification in the cells, and thus the RCA was not
linearly amplified.

The infectivity PCR was also shown to have the advan-

tage of requiring fewer cells than the CPE assay. It is’

known that too high an input m.o.i. may lead to suppres-
sion of RCA outgrowth by the vector [12,22]. Because
adenovirus vectors are prepared as high-titer stocks, a
large-scale cell culturing, e.g., roller-bottle culture, is re-
quired to test the presence of RCA at a low m.o.i. Al-
though the presence of adenovirus vectors seemed (o
interfere with the CPE, RCA could be detected by real-
time quantitative PCR with the same detection limit of 1

Twig

Ty

Oytopathic effect (CPE)

pfu even in the presence of adenovirus vectors. This
means that infectivity PCR can be performed at a higher
m.o.i. than the CPE assay and therefore may contribute to
a decrease in the number of the cells required for the
assay.

The FDA currently recommends that adenovirus vector
preparations contain <1 RCA in 3 x 10" particles. Since,
in our method, 10° particles of adenovirus vectors can be
tested using one 10-cm-diameter plate, 3 X 10'” particles
of adenovirus vectors can be tested using 30 plates. If 3 X
10" particles are tested in the standard culture method
with blind passage and come out positive, the only pos-
sible conclusion would be that there was >1 pfu in 3 X
10" particles. Our method has the potential to be much
more effective and quantitative than the standard culture
method, because each plate can be tested separately, and
then the actual level of RCA contamination can be esti-
mated using the Poisson distribution.

With a goal of ensuring the safety of gene therapy,
official guidelines have been published for the testing of
replication-competent retroviruses (RCR) [23}. These
guidelines, entitled Supplemental Guidance on Testing for
Replication-Competent Retrovirus in Retroviral Vector-Based
Gene Therapy Products and During Follow-Up of Patients in
Clinical Trials Using Retroviral Vectors, provide information
on RCR testing during manufacture (including timing),
amount of material to be tested, and general testing meth-
ods. However, with respect to RCA in adenovirus vectors,
the only available guidelines are the descriptions included
within the Gueidance for Human Somatic Cell Therapy and
Gene Therapy [12]. In these guidcelines, the cell culture/
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CPE method is recommended for testing the presence of
RCA. Although it is recommended that the assay sensitiv-
ity should be validated by spiking the test inocula with
increasingly smaller numbers of wild-type adenovirus par-
ticles, there are currently no detailed guidelines for the
RCA test. With regard to the safety concerns of adenovirus
vector-based gene therapy, most research has focused on
the immune response against capsid proteins [24]. In ad-
dition, preclinical safety studies are inherently limited in
their assessment of RCA-related risks, since there are no
animal models that support extensive replication of hu-
man wild-type adenovirus. This fact may have limited the
attention paid to establishing an RCA detection method.
Our method reported here could be used to test the RCA
contamination in clinical lots of adenovirus vectors or to
detect RCA in patients undergoing adenovirus vector-
based gene therapy. Together with the recent efforts to
develop cell lines that can propagate adenovirus vectors
without emergence of RCA [25-27], this method might
improve the safety of adenovirus vector-based gene ther-

apy.

MaTeriaLs AND METHODS

Cells. Hela cells were obtained from the Japanese Cancer Research Re-
source Bank (Tokyo, Japan) and maintained in minimum essential me-
dium (MEM) supplemented with 10% fetal calf serum (FCS). HEK293 ceils
were obtained from Clontech (Palo Alto, CA) and maintained in Dulbec-
co’s madified Eagle’s medium supplemented with 10% FCS.

Replication-competent adenovirus. The seed RCA (adenovirus type 5) was
purchased from ATCC (Manassas, VA). For the amplification of the RCA,
HeLa cells were infected with the RCA and harvested when CPE was
abserved. The cell lysate was prepared Dy four cycles of freezing and
thawing and then was added to another dish of Hela cells. After the
amplification was repeated, the cell lysate from five 150-mm-diameter
dishes was subjected to RCA purification by CsCl ultracentrifugation. The
particle concentration and infectious titer of RCA were measured accord-
ing to the standard operating procedure for adenovirus reference material
(ATCC VR1516). For determining the particle concentration, RCA was
diluted with the excipient solution (20 mM Tris, 25 mM NaCl, 2.5%
glycerol (w/v), pH 8.0). After incubation for 15 min at room temperature,
the absorbance value at 260 nm was measured. The particle concentration
was determined as 5.826 X 10" particles/mi. For determining the infec-
tious titer, HEK293 cells were sceded in 96-well plates at 4 X 10" cells/well.
After culturing for 1 day, medium was replaced with 200 pi of medium
containing 5 X 107 to 1.28 x 10" times diluted RCA stock. The plates were
incubated for 60 min, and then the medium was replaced with 200 pl of
fresh medium. On day 10, each well was examined for signs of CPE using
a light microscope. The infectious titer was calculated as the normalized
adjusted standard titer |28} and determined to be 6.767 x 10" NIU/ml.
The ratio of infectious titer to particle concentration was 1:8.6.

After we had prepared our in-house RCA standard, the Adenovirus
Reference Material (ATCC VR-1516) developed under the guidance of the
Adenovirus Reference Material Working Group and the U.S. Food and
Drug Administration was distributed [21]. The ratio of infectious titer to
particle concentration of the reference material is 1:8.3. The ratio of our
in-house RCA was 1:8.9 (5.8 x 10! particles/ml vs 6.5 x 10" 1U/ml) when
these values were measured using the Adenovirus Reference Material as a
reference. Since the ratios for our in-house standard and the reference
material were similar, our in-house RCA standard was considered to have
qualities similar to those of the reference material.

Adenovirus vector. Adenovirus vectors were prepared as described previ-
ously |29). In brief, the plasmid harboring B-galactosidase in the El-
deleted region of the adenovirus, pAdHM10LacZ, was digested with Pacl.
The lincarized plasmid was transfected into subconfluent HEK293 cells
plated in a 60-mm dish using Superfect (Qiagen, Valencia, CA) according
to the manufacturer's protocol. Ten days later, cells were harvested and
adenovirus vectors were released by four cycles of freezing and thawing.
The vectars were amplified by further infecting into HER293 cells and then
purified by CsCl step gradient ultracentrifugation followed by CsCl linear
gradient ultracentrifugation.

Real-time quantitative PCR. The ABI Prism 7000 sequence detection
system (Applied Biosystems, Foster City, CA) was used for detecting real-
time quantitative PCR products. The DNA extracted from RCA standard or
RCA-infected cells was dissolved in 20 pl of distilled H,0. Ten microliters
of the DNA sample was used as template in a subsequent real-time quan-
titative PCR with 0.5 uM each primer, 0.16 pM TagMan probe, and 25 pl
of TagMan universal PCR master mix (Applied Biosystems). The PCR was
initially denatured at 95°C for 10 min and then subjected to cycles of 95°C
for 15 s and 60°C for 1 min. The reaction was carried out for 50 cycles, A
calibration curve was generated for the DNA extracted from puritied RCA
and validated using linear regression analysis. The sequences of the prime-
ers and probe used were as follows: AdSAEI-1035F, TCCGGTCCTTCTAA-
CACACCTC; AdSAEI-1105R, ACGGCAACTGGTITAATGGG; and AdSdET-
1058TM probe, FAM-TGAGATACACCCGGTGGTCCCGC-TAMRA, These
sequences were designed using Primer Express software version 1.0 (Ap-
plied Biosystems), and it was confirmed that they amplified the products
of desired molecular weight. ’

Nested PCR for E1 DNA. The primers used for the first PCR were Jzps-
Ad3473F, CGCTGAGTTTGGCTCTAGCGAT, and jzp6-Ad3698R, CATCA-
CATTCTGACGCACCC. The primers for the second PCR were Jzp5-2-
Ad3483F, GGCTCTAGCGATGAAGATACAG, and jzp6-2-Ad3668R, GG-
GCATGCGCGTTGTCAAAT. The amplification conditions for the PCR
consisted of 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C
for 30 5, and extension at 72°C for 1 min, followed by a final incubation at
72°C for 7 min. Two microliters of the 50-pl reaction mixture from the first
PCR was subjected to a second PCR. For the second PCR, the number of
amplifications was set to 25,

PCR for pregnancy-specific glycoprotein gene, To detect the DNA derived
from HEK293 cells, a pregnancy-specific glycoprotein gene adjacent to the
EY gene in HER293 cells was selected as a target. The primers used for the
PCR were PSG3-293-5281F, CTCATGCCTGCCTCTTTCACT, and PSG4-
293-5567R, AGAGCCATCCA CACAATGTGC.

Nucleic acid extraction using SMI1 TEST EX-R&D. Cells were harvested
and centrifuged at 2000 rpm for S min and then suspended in PBS(~).
After four cycles of freezing and thawing, the nucleic acids derived from
the cells were digested by incubating with DNase | (0.2 mg/ml), RNase A
(0.2 mg/ml), and MgCl, (10 mM) at 37°C for 30 min. Then DNA was
extracted using SMI TEST EX-R&D (Genome Science Laboratories, Fuku-
shima, Japan) according to the manufacturer’s instructions. When DNA
was extracted from purified RCA or adenovirus vectors, the samples were
subjected directly to DNA extraction using SMI TEST EX-R&D reagents,

Nucleic acid extraction using glass beads. Glass beads (GSB 07) approxi-
mately 7 nun in diameter were obtained from Nippon Rikagaku Kikai Co.
(Tokyo, Japan). The glass beads were treated with 30% hydrogen fluoride
(HF) solution for 1 b and then extensively washed with distilled water. The
HE-treated glass beads were used for the extraction of viral genome,

For nucleic acid extraction, cells were harvested in 10-mil tubes and
centrifuged at 2000 rpm for 5 min. After the medium was removed, one
glass head and 250 pl of extraction solution (200 mM Tris-HCI (pH 8.0),
200 mM NaCl, 1% N-lauroylsarcosinate, 1% SDS, 2% 2-mercaptocthanol,
and 1 mg/ml proteinase K} were added to cach tube, and then the samples
were stirred for 10 s. After incubation at 65°C for 20 min, 2 ml of 70%
isopropyl alcohol was added. The samples were incubated at room tem-
perature for T min with gentle stirring. The solution was removed, and the
heads were washed with 2 mi of 75% ethanol twice. "Then the beads were
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dried at room temperature. DNA was eluted from each bead by adding 50
wl of distilled H,0O and incubating at 65°C for 5 min. Twenty microliters of
the sample was assayed for E1 DNA.

Infectivity PCR using Hela cells. Hela cells (1.5 X 10°) were sceded in
100-mm-diameter dishes. One day later (day 0), the cells were infected
with 1to 10* ptu of RCA spiked into 107 particles of adenaovirus vectors by
incubating at 37°C for 2 h in [ ml of MEM containing 1% FCS. After
infection, the medium was replaced with MEM containing 10% FCS. On
days 1, 3, 6, and 9, the cells and supernatant were harvested. DNA was
extracted, and the amount of £1 DNA was measured by real-time quanti-
tative PCR. The experiments were done in triplicate.
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by Yukio Hiyama

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 Regulations will
have impact on:

1) Market Approval Holder’§ 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 legal 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: hiyama@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 is 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
matters, partial changes of applications must be
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

INPUSTRIAL PHARMACY - fune 2004 « Issue 2




CHANGES IN JAPANESE PHARMACEUTICAL AFFAIR LAWY AND QUALITY REGULATIONS (cont.)

document for approval matiers. in 2002-
2003, the GMP guidance study group
focused on quality systems, regulatory

Little description
- on formulation or
‘manufacturing

Ola Application CTD based application
Approval matters
Approval matters
Module 2 Changes after
Gaiyo summary review
Attached data _
Module 3 Changes by
notification

system issues, technology transfer and
laboratory control. The quality system
subgroup for example, recommended
that Market Authorization holders
should have a declaration statement of
responsibilities/authorities, organization,
and resources in their quality 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 ap_proval matters Is expanded to inc_h_;del core inforlmation N Draft GMP-related guidance documents
the manufacturing process. To change non-critical approval matiers, 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
a challenge 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.

World Congress of Pharmacy and
Pharmaceutical Sciences 2004

64th Congress of FIP
4-9 September 2004
New Orleans, USA

Main theme: The patient and the pharmacist —

The heart of the new healthcare team
Contact: congress@fip.org Tel: +31 70 302 1982
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