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Cell Proliferation

Utilizing the Premixed WST-1 Cell Proliferation Reagent 

to Avoid Off-Target Effects of RNAi

그림 1. Chemical structure and cleavage of the tetrazolium salt WST-1 to for-

mazan. Once in the interior of active cells, WST-1 is reduced by mitochondrial succi-

nate-tetrazolium reductase to produce the colorimetrically differentiated formazan prod-

uct. EC = electron coupling reagent. RS = mitochondrial succinate-tetrazolium reductase 

system

간염(Hepatitis C) 치료를 위한 RNAi 치료제 개발

미국 질병관리본부 통계에 따르면 400만명 이상의 미국인이 간염 바이

러스(hepatitis C virus(HCV))에 감염되었다. 또한 세계보건기구에 따

르면 전세계적으로 1억 4천명 이상 감염되었고 몇몇 국가에서는 감염율

이 20%로 높게 나타났다. HCV는 single RNA로 세포질에서 감염주기

가 진행되기 때문에 RNAi 기반의 치료제 연구에 적합하다.

RNAi의 off-target 현상 

RNAi의 off-target을 방지하는 것은 세포내 독성을 방지하고 RNAi 

실험 결과를 정확하게 해석하기 위해 매우 중요하다. RNAi 제작시 

off-target 발생을 최소화 하기 위해 BLAST와 Smith-Waterman 

분석과 같은 다양한 알고리즘이 도입되었지만, 실험 결과를 통해 

bioinformatics방법은 off-target 방지책이 아니라는 것이 확인되었

다(1). 반면 3’의 UTR에 있는 short seed sequences의 확인으로 off-

target 될 가능성을 실제보다 높게 평가했다는 주장이 있다. 직접적인 

RNAi 특이성 정보를 얻기 위해 genome-wide expression 변화를 확

인하는 microarray 분석을 진행하였다. 그러나 이 분석법은 복잡하

고 많은 시간이 소요되며, 많은 후보 RNAi를 스크리닝 하기에 가격적

인 부담이 있다. 이를 해결하고자, Clontech은 off-target 현상을 저

렴한 가격으로 빠르게 스크리닝 할 수 있는 방법을 개발하였다. Off 

-target 현상은 세포 증식 억제나 독성과 같은 세포 활성의 변화가 나

타나기 때문에, 세포 활성 모니터링을 통해 RNAi 영향력을 Premixed 

WST-1 Cell Proliferation Reagent (Code 630118)로 확인할 수 있다. 

이러한 비색 분석은 tetrazolium salt WST-1(밝은 빨강색)이 분해되

어 formazan(어두운 빨강색)이 되는 특징을 이용한 것이다(그림 1)(4). 

이 반응은 살아있는 세포의 미토콘드리아 환원효소에 의해 일어나며, 

multiplate reader를 이용하여 흡광도 420-480nm(Amax=450 nm)로 

측정할 수 있다. Formazan 생산량은 대사작용이 활성화되어 있는 세포

와 비례한다.

간염(Hepatitis C) 치료제 개발을 위한 후보 RNAi 서열 확인

대다수의 RNA 바이러스가 복제과정에서 돌연변이가 잘 발생하기 때

문에, 서열 특이적인 RNAi를 기반으로 한 항바이러스제의 개발이 어

렵다. 수백개의 viral isolate의 보존서열로부터 모든 HCV 유전자형

에서 특이적으로 적용되는 30개의 RNAi 후보를 선발하였다. 각 후보 

RNAi의 발현 억제 기능을 확인하기 위해 siRNA duplexer를 합성하

였다. 최근까지 조직을 이용한 HCV 증식이 어려웠기 때문에 siRNA는 

HCV replicon 모델이나 reporter assay와 같은 다른 시스템을 이용하

여 연구되었다. Reporter assay는 세포에 luciferase reporter plasmid

를 co-trasfection하여 siRNA 활성을 확인하는 방법으로, HCV의 약 

100bp 서열이 luciferase open reading frame의 하위부분과 poly A 

tail 상류부분에 삽입된다(그림 2). 이후, 삽입된 서열에서 luciferase 

reporter mRNA가 절단되므로 luminescence가 감소된다. 감소한 

luminescence를 측정하여 RNAi 저해 효과를 확인할 수 있다.

Clonetech은 firefly luciferase와 Ready-To-Glow Secreted 

Metridia Luciferase를 도입하였다. Luciferase-based reporter와 

replicon system assay를 이용하였을 때, 30개 siRNA 중 20개 siRNA

가 활성을 억제하는 것을 확인하였다. 그 후, 후보 siRNA는 기능항진 

으로 알려진 농도에 따른 RNAi 억제 능력을 바탕으로 순위를 정했다. 

후보 유전자를 줄이기 위해, Premixed WST-1 Cell Pro-liferation 

Reagent를 이용하여 저렴하고 빠르게 off-target된 siRNA를 제거하

였다.

그림 2. Luciferase reporter system for assaying RNAi activity. The reporter was 

constructed by fusing HCV sequences (~100 nucleotides of contiguous viral sequence) 

downstream of the luciferase reading frame but upstream of the poly A sequence.
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RNA interference(RNAi)의 발견은 포유류 유전자 발현을 억제할수 있게 되었고 유전자 발현을 억제하여 유전자 기능을 연구하는 방법으로 연구자들에게 선호 되

었다. 또한 RNAi 기술은 다양한 치료제 개발에서 엄청난 가능성을 보여줬으나 RNAi 염기서열이 특정 타겟을 억제하지 않고 다른 유전자도 억제한 경우(off-target 

effect)도 종종 보고되었다. Clontech은 빠르고 저렴하게 off-target을 방지하면서도 virus를 타겟으로 하는 RNAi 치료제 개발 분야에서 이용할 수 있는 방법을 찾

았다.

Clontech Laboratories, Inc. • www.clontech.com Reprinted from Clontechniques January 2008
CR812569 IN

1

Utilizing the Premixed WST-1 Cell Proliferation Reagent to Avoid 
Off-Target Effects of RNAi

Peter W. Roelvink* and David A. Suhy*

* Currently with Clontech Laboratories, Inc.

Work performed while at Benitec Ltd., 
Hawthorne East, Australia

The discovery that the RNA interference (RNAi) 
mechanism can be applied to gene silencing 
in mammalian systems has been a boon to the 
scientific community. In a short period of time, 
RNAi has become the preferred method for tar-
geted knockdown of individual genes, providing 
researchers with an invaluable tool to study gene 
function. RNAi technology also shows tremendous 
potential as a new modality for the development 
of therapeutics to treat a wide variety of diseases. 
Despite the ability to knock down specific targets 
by controlling the sequence of the RNAi species, it 
has been well documented that unintended targets 
may also be silenced. We sought to utilize a rapid 
and inexpensive assay to avoid off-target effects 
in the development of RNAi-based therapeutics 
against viral targets.

RNAi-Based Therapeutics 
Hold Promise for the Treatment 
of Hepatitis C
Based on statistics compiled from the 
Centers for Disease Control and Prevention, 
more than 4 million Americans are currently 
infected with the hepatitis C virus (HCV). 
On a global level, the World Health 
Organization estimates that there are 
more than 140 million affected individuals, 
with infection rates as high as 20% of 
the general population in some countries. 
Because the HCV genome is comprised 
of a single RNA molecule of positive 
polarity, and the intracellular portion of 
the HCV infectious cycle occurs strictly 
within the cytoplasm, HCV is an ideal 
candidate for RNAi-based therapeutics.

Potential Off-Target Effects 
of RNAi
Limiting the unintended silencing or 
“off-target” effects of RNAi is critical 
in order to avoid inadvertent cellular 
toxicities, and to correctly interpret the 
results of experiments that employ RNAi. 
Although various algorithms, including 
BLAST and Smith-Waterman analysis, 
have routinely been employed in attempts 
to minimize off-target effects during the 
design phase of RNAi projects, experimental 
data suggest that neither bioinformatics tool 
is particularly accurate in this capacity (1). 
Conversely, the identification of short seed 
sequences found in the 3’ untranslated 
region (UTR) can vastly overestimate the 
number of potential off-target interac-
tions. Microarray analysis has been widely 
utilized to directly interrogate RNAi 
specificity, by examining the changes 
that occur in genome-wide expression 
(2–3). However, these analyses are too 
complex, time-consuming, and expensive 
for routine screening of large numbers of 
candidate RNAi species. Thus we sought 
to develop an inexpensive assay to rapidly 
screen for potential off-target activities 
of RNAi sequences, in order to eliminate 
such sequences as we develop our anti-
viral therapeutics.

Because unintended silencing events often 
lead to changes in cellular proliferation 
via cytostatic or cytotoxic phenotypes, 
we utilized the Premixed WST-1 Cell 
Proliferation Reagent (Cat. No. 630118) 
to monitor for decreased cell viability, as 
an indicator of undesirable RNAi activity. 
This colorimetric assay is based on the 
cleavage of the membrane-permeable 
tetrazolium salt WST-1 (light red) to 
produce a formazan-class dye (dark red) 
(4; Figure 1). The reaction is catalyzed by 
a mitochondrial reductase in active cells, 
and the amount of formazan dye can be 
quantified by measuring the absorbance 
at 420–480 nm (Amax = 450 nm) in a 
multiwell plate reader. The quantity of 
formazan dye product is directly related 
to the number of metabolically active cells 
in the culture.
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Figure 1. Chemical structure and cleavage of the tetrazolium salt WST-1 to formazan. 
Once in the interior of active cells, WST-1 is reduced by mitochondrial succinate-tetrazolium 
reductase to produce the colorimetrically differentiated formazan product. EC = electron 
coupling reagent. RS = mitochondrial succinate-tetrazolium reductase system.
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been untenable; therefore, the potency 
of each siRNA was assayed using surro-
gate model systems, including the HCV 
replicon model or a simple reporter assay 
system. For the latter, siRNA activity 
was tested by cotransfecting the species 
into cells along with a luciferase reporter 
plasmid. Typically, about 100 base pairs of 
HCV target sequence were fused down-
stream of the luciferase open reading 
frame and upstream of the poly A tail 
(Figure 2). Because the luciferase reporter 
mRNA is cleaved at the inserted sequence, 
a decrease in luminescence can be used 
as a surrogate measurement of RNAi 
inhibitory activity. We have successfully 
tested this type of reporter system with 
both firefly luciferase and Ready-To-Glow™ 
Secreted Metridia Luciferase.

Of the 30 sequences tested, 20 demon-
strated acceptable inhibitory activity in 
the luciferase-based reporter and repli-
con system assays (data not shown). The 
candidate species were then ranked based 
upon the level of RNAi inhibitory activity 
as a function of concentration, also known 
as hyperfunctionality (data not shown). In 
order to further narrow the candidate list, 
we used the Premixed WST-1 Cell Pro-
liferation Reagent to perform a low-cost, 
rapid assay to eliminate siRNA sequences 
with undesired properties.

Specifically, we sought to identify siRNAs 
that silence endogenous cellular targets, 
which may manifest as cytotoxic or 
cytostatic events. Indeed, in employing 
an RNAi-based screen to identify genes 
essential for cell division, Kittler et al. 
utilized the WST-1 assay to identify RNAi 
species that inhibited cellular proliferation 
when screening a genome-scale library of 
endoribonuclease-prepared short interfer-
ing (esi) RNAs that was generated from 
a cDNA library of 15,497 human genes (5). 
We reasoned that since viral genome sequences 
are not present in the native cellular back-
ground, any decrease in cellular proliferation 
from our panel of “viral-specific” siRNA 
species in uninfected cells was likely to be 
a consequence of unintended silencing 
effects on endogenous cellular targets.

To test the sensitivity and dynamic range 
of the WST-1 assay, untransfected Huh-7 
cells were plated at differential densities 
on day 0. The cells were allowed to grow 
for 72 hours, and then the WST-1 assay 
was performed. The results clearly demon-
strate that different cell densities, as one 
might observe upon cytostatic/cytotoxic 
events, can be easily distinguished using 
the WST-1 assay (Figure 3).

Utilizing the Premixed WST-1 Cell Proliferation Reagent to Avoid 
Off-Target Effects of RNAi…continued

Identifying Candidate RNAi 
Sequences for the Development 
of Hepatitis C Therapies
Considering that the replication processes 
of many RNA viruses are prone to high 
mutation rates, the sequence specificity 
of RNAi-based antivirals becomes a 
challenging issue in the development of 
therapeutic candidates. Thirty candidate 
RNAi sequences with broad specificity 
across all HCV genotypes were identified 
from regions of strong sequence conserva-
tion between hundreds of partial- and 
full-length viral isolates. Each candidate 
was synthesized in order to generate siRNA 
duplexes for verification of inhibitory 
activity. Until recently, the propagation 
of HCV in tissue culture systems has 
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Figure 2. Luciferase reporter system for assaying RNAi activity. The reporter was constructed 
by fusing HCV sequences (~100 nucleotides of contiguous viral sequence) downstream 
of the luciferase reading frame but upstream of the poly A sequence.

Figure 3. Ability of WST-1 reagent to detect differences in proliferating cells. Huh-7 cells 
were plated at differential densities and allowed to grow for an additional 72 hr prior 
to performing the WST-1 assay. Measurements are the averages of n = 4 independent 
samples ± standard deviation.
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특히 세포내 타겟 유전자를 억제시키면 세포 독성과 활성 억제를 나타내

는 siRNA를 중점으로 진행하였다. 실제로 세포 분화에 필수적인 유전자 

확인을 위해 진행한 RNAi based screening에서(Kittler et al.) WST-

1 assay를 이용하였다. 이 연구는 15,497 인간 유전자 cDNA library를 

이용하여 제작된 endoribonuclease-prepared short interfering(esi) 

RNA genome-scale library를 스크리닝하여, 세포 활성을 억제 시키는 

RNAi를 확인하였다(5). 실제 세포 내에는 바이러스 염기서열이 존재하지 

않기 때문에, 감염되지 않은 세포에서 바이러스 특이적 siRNA로 인한 

세포활성 감소는 세포 내 유전자의 억제로 인한 결과와 같다고 판단하였

다.

WST-1 assay의 감도와 측정범위를 테스트하기 위해 감염시키지 않은 

Huh-7 세포를 다양한 농도로 준비한 후, 72 시간 동안 세포 배양하여 

WST-1 assay를 진행하였다. 그 결과, 농도 차이에 따라 세포 활성 정도

가 확연하게 나타나 간편하게 구별 가능했다(그림 3).

그림 3. Ability of WST-1 reagent to detect differences in proliferating cells. Huh-

7 cells were plated at differential densities and allowed to grow for an additional 72 hr pri-

or to performing the WST-1 assay. Measurements are the averages of n = 4 independent 

samples ± standard deviation.

RNAi 후보군을 스크리닝할 때 전반적인 target-specific 저해 효과를 

확인하기 위해 각각의 siRNA와 적절한 luciferase fusion reporter를  

보유한 plasmid를 co-transfection 하였다. Co-transfection을 하는 

이유는 transfection의 효율을 측정하기 위해 활성을 normalize 시키기 

위함이다. Reporter 기능이나 세포 활성을 억제하지 않던 non-specific 

siRNA를 negative control로 이용하였다. 네 개의 siRNA는 대표적인 

데이터로 그림 4에 나타냈다. 모든 siRNA가 luciferase reporter 감소가 

나타나지만, 4개중 2개(siRNA-23, siRNA-24)의 siRNA에서 WST-

1 활성이 눈에 띄게 감소되었고 이는 세포 활성 억제로 인한 것을 의미한

다. 이러한 결과를 바탕으로 HCV 치료제를 개발하는 과정에서 이 2개의 

RNAi를 미리 제거할 수 있었다.

Clontech은 빠르고 저렴한 스크리닝 방법인 WST-1 Premixed Cell 

Proliferation Reagent를 이용하여, 세포 증식 억제나 독성로 인한 세

포 활성 감소를 이용하여 RNAi의 off-target 효과를 확인하였다. 이 방

법을 이용하면, 시간과 비용이 많이 필요한 치료제 개발과정에서 손쉽게 

불필요한 후보 siRNA를 제거할 수 있다.

그림 4. Assessment of nonspecific siRNA toxicity using WST-1. Panel A. Inhibition 

of specific luciferase-HCV reporter plasmid activity in Huh-7 cells 72 hr after cotransfec-

tion with the cognate siRNA (n = 4 independent transfections). The data were normalized 

for transfection efficiency by inclusion of a second expression plasmid encoding Renilla 

luciferase in the transfection mixture. Inhibitory activity was calculated based on com-

parisons of parallel transfections that utilized a nonspecific control siRNA. The data are 

represented as the mean inhibition of luciferase activity relative to the nonspecific siRNA 

control ± standard deviation. Panel B. Assessment of the effects of the siRNA on cellular 

proliferation by the WST-1 assay. Absorbance readings were normalized to cells that had 

been transfected with the nonspecific control siRNA (n = 4 independent transfections).

제품 리스트

Code	                          제품명	 용량

630118	 Premixed WST-1 Cell Proliferation Reagent	 2,500 rxns

631726	 Ready-To-Glow Secreted Luciferase Reporter Assay	 100 회

631727	 Ready-To-Glow Secreted Luciferase Reporter Assay	 500 회

631728	 Ready-To-Glow Secreted Luciferase Reporter Assay	 1,000 회

631729	 Ready-To-Glow Secreted Luciferase pMetLuc Vector Kit  	 1 kit
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been untenable; therefore, the potency 
of each siRNA was assayed using surro-
gate model systems, including the HCV 
replicon model or a simple reporter assay 
system. For the latter, siRNA activity 
was tested by cotransfecting the species 
into cells along with a luciferase reporter 
plasmid. Typically, about 100 base pairs of 
HCV target sequence were fused down-
stream of the luciferase open reading 
frame and upstream of the poly A tail 
(Figure 2). Because the luciferase reporter 
mRNA is cleaved at the inserted sequence, 
a decrease in luminescence can be used 
as a surrogate measurement of RNAi 
inhibitory activity. We have successfully 
tested this type of reporter system with 
both firefly luciferase and Ready-To-Glow™ 
Secreted Metridia Luciferase.

Of the 30 sequences tested, 20 demon-
strated acceptable inhibitory activity in 
the luciferase-based reporter and repli-
con system assays (data not shown). The 
candidate species were then ranked based 
upon the level of RNAi inhibitory activity 
as a function of concentration, also known 
as hyperfunctionality (data not shown). In 
order to further narrow the candidate list, 
we used the Premixed WST-1 Cell Pro-
liferation Reagent to perform a low-cost, 
rapid assay to eliminate siRNA sequences 
with undesired properties.

Specifically, we sought to identify siRNAs 
that silence endogenous cellular targets, 
which may manifest as cytotoxic or 
cytostatic events. Indeed, in employing 
an RNAi-based screen to identify genes 
essential for cell division, Kittler et al. 
utilized the WST-1 assay to identify RNAi 
species that inhibited cellular proliferation 
when screening a genome-scale library of 
endoribonuclease-prepared short interfer-
ing (esi) RNAs that was generated from 
a cDNA library of 15,497 human genes (5). 
We reasoned that since viral genome sequences 
are not present in the native cellular back-
ground, any decrease in cellular proliferation 
from our panel of “viral-specific” siRNA 
species in uninfected cells was likely to be 
a consequence of unintended silencing 
effects on endogenous cellular targets.

To test the sensitivity and dynamic range 
of the WST-1 assay, untransfected Huh-7 
cells were plated at differential densities 
on day 0. The cells were allowed to grow 
for 72 hours, and then the WST-1 assay 
was performed. The results clearly demon-
strate that different cell densities, as one 
might observe upon cytostatic/cytotoxic 
events, can be easily distinguished using 
the WST-1 assay (Figure 3).

Utilizing the Premixed WST-1 Cell Proliferation Reagent to Avoid 
Off-Target Effects of RNAi…continued

Identifying Candidate RNAi 
Sequences for the Development 
of Hepatitis C Therapies
Considering that the replication processes 
of many RNA viruses are prone to high 
mutation rates, the sequence specificity 
of RNAi-based antivirals becomes a 
challenging issue in the development of 
therapeutic candidates. Thirty candidate 
RNAi sequences with broad specificity 
across all HCV genotypes were identified 
from regions of strong sequence conserva-
tion between hundreds of partial- and 
full-length viral isolates. Each candidate 
was synthesized in order to generate siRNA 
duplexes for verification of inhibitory 
activity. Until recently, the propagation 
of HCV in tissue culture systems has 

AAAAAACMV Luciferase coding sequence HCV Target
sequences

0.75

A
b

so
rb

an
ce

 (
A

45
0n

m
–A

69
0n

m
) 0.60

0.45

0.30

0.15

0
0.0625 X 0.125 X 0.25 X 0.5 X 0.75 X 1 X

Cell concentration

Figure 2. Luciferase reporter system for assaying RNAi activity. The reporter was constructed 
by fusing HCV sequences (~100 nucleotides of contiguous viral sequence) downstream 
of the luciferase reading frame but upstream of the poly A sequence.

Figure 3. Ability of WST-1 reagent to detect differences in proliferating cells. Huh-7 cells 
were plated at differential densities and allowed to grow for an additional 72 hr prior 
to performing the WST-1 assay. Measurements are the averages of n = 4 independent 
samples ± standard deviation.
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When screening the candidate RNAi 
species, each siRNA was cotransfected 
with a plasmid to normalize activities 
for calculation of transfection efficiency, 
as well as with the appropriate luciferase 
fusion reporter, in order to monitor the 
overall level of target-specific inhibition. 
A nonspecific siRNA sequence which had 
previously shown no inhibitory activity on 
either reporter activity or cellular prolifera-
tion was used in parallel transfections as a 
negative control. Representative data are 
shown for four siRNA species (Figure 4). 
While all siRNAs demonstrated comparable 
inhibition of the luciferase reporter, two 
of the four (siRNA-23 and siRNA-24) 
exhibited a marked decrease in overall 
WST-1 activity, a clear indication that 
cell growth was suppressed. To this end, 
the latter two were excluded from future 
development in our efforts to generate an 
RNAi-based therapeutic against HCV.

We have used the WST-1 Premixed Cell 
Proliferation Reagent as a fast, low-cost 
screen for cytostatic and cytotoxic pheno-
types, as indicated by decreased cellular 
proliferation. This screen enabled us to 
determine which candidate siRNAs to 
exclude, prior to performing more time-
consuming and costly steps in therapeutic 
development.
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Product Size Cat. No.

Premixed WST-1 Cell Proliferation Reagent 
 2,500 rxns 630118

Ready-To-Glow Secreted Luciferase Reporter Assay 
 100 rxns 631726

Ready-To-Glow Secreted Luciferase Reporter Assay 
 500 rxns 631727

Ready-To-Glow Secreted Luciferase Reporter Assay 
 1,000 rxns 631728

Ready-To-Glow Secreted Luciferase pMetLuc Vector Kit 
 20 µg 631729
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Figure 4. Assessment of nonspecific siRNA toxicity using WST-1. Panel A. Inhibition of specific luciferase-HCV reporter plasmid activity 
in Huh-7 cells 72 hr after cotransfection with the cognate siRNA (n = 4 independent transfections). The data were normalized for transfection 
efficiency by inclusion of a second expression plasmid encoding Renilla luciferase in the transfection mixture. Inhibitory activity was calculated 
based on comparisons of parallel transfections that utilized a nonspecific control siRNA. The data are represented as the mean inhibition 
of luciferase activity relative to the nonspecific siRNA control ± standard deviation. Panel B. Assessment of the effects of the siRNA on cellular 
proliferation by the WST-1 assay. Absorbance readings were normalized to cells that had been transfected with the nonspecific control 
siRNA (n = 4 independent transfections).
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