
Clonetics Conditionally Immortalised Cells
for Drug Discovery



薬の開発にあたって、薬効の確認には安定した評価系が不可欠です。

本日ご紹介させていただく細胞株

・ヒト正常骨格筋細胞株

温度感受性 SV40 LargeT抗原 導入株
－ 【XM13A1】
温度感受性 SV40 LargeT抗原 + 米Geron社 テロメラーゼ 導入株
－ 【XM15B1】

・ヒト正常脂肪細胞株

温度感受性 SV40 LargeT抗原 導入株
－ 【XA15A1】

新薬の開発に、これらの安定した細胞株をご評価いただければ幸いです。
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Lonza Group Ltd.
Annual turnover of over $2500m
7100 employees worldwide
Leading supplier of reagents for drug discovery:

Clonetics primary cells and media systems
Cell-based assays 

ViaLight, ToxiLight
Assays for HTS

PKLight, PDELight
Biotherapeutics
Manufacture of APIs.



Advantages
Biological relevance
Commercial availability
Disadvantages
Low cell numbers due to limits on proliferative capacity 
Donor variability
Cell characteristics change rapidly in culture. 

Primary Human Cell Culture Systems

Mb     Mt    Mb     Mt

Passage7        Passage14

Glycogen 
Synthase

Myogenin

In primary muscle cell cultures from humans the markers such as glycogen synthase and 
myogenin which normally express after differentiation from myoblast (Mb) to Myotube (Mt)  are lost 
at reasonably low passages



Why Do Cells Lose Characteristics 
And Proliferative Capacity ?

Hayflick limit
First described by Leonard 
Hayflick and Paul Moorhead in 
1961

Predisposition to karyotypic
instability

Sherwood et al 1988

Loss of telomeric DNA from 
chromosomes leads to ‘Crisis’

Harley et al 1990.



Overcoming Senescence

R
Senescence

Proliferation
S Phase

G1

At the Restriction point, R, cells either go into 
senescence or start DNA synthesis and 
continue into the S Phase of mitosis



How do we overcome senescence?
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Overcoming Senescence

E2F

P
P

P

pRb

pRb E2F

Cell Division

pRb E2F

Senescence

Cell division blocked

Proliferation
S Phase

Can we induce sequestration of pRb
and maintain cell division ?



Cell division blocked

T Antigen

pRb E2F



T Antigen

E2F

pRb

pRb E2F

T Antigen

Large T antigen will: 
Bind pRb
Release E2f
Drive further cell 
division
Stop senescence

Proliferation
S Phase But how do we now 

stop proliferation ?

Cell division blocked



Temperature Sensitive T Antigen

E2F

pRb

pRb E2F

33 C

Ts T Antigen Proliferation
S Phase

37 C

E2F

pRb

pRb E2F

Ts T Antigen Proliferation
S Phase

Cell division blocked

Using temperature sensitive T antigen, we can ‘switch off’ the 
proliferation by a simple change in temperature.



Chromosome Telomere Repeats

Each time cell divides the 
telomeres become shorter

When telomeres shorten 
chromosomes unstable and cell 
division blocked

Telomerase

Telomerase

Telomerase

Telomerase can extend 
telomeres and allow 
continuation of cell division

Telomerase



Conditional Immortalisation
37 oC Normal Phenotype

Cells isolated from human tissues 
then transfected with ts Large-T and 

hTERT

Large number of cells that revert  to a 
normal phenotype for use in experiments

ImmortalisationImmortalisation
switched offswitched off

33 oC Large T-Antigen Active 
Immortalised Phenotype
(Gene Expression Altered)

ImmortalisationImmortalisation
switched onswitched on



Cells Immortalised With tsT And 
hTERT

Human cells immortalised with tsT and 
hTERT have been shown to:

Proliferate without a senescent or crisis 
phase
Stop proliferating at the non-permissive 
temperature
Differentiate and demonstrate functional 
phenotype at the non-permissive 
temperature.
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Conditionally Immortalised Skeletal 
Muscle Cells

XM13A1



Description

A mixed population of skeletal muscle cells 
conditionally immortalised using temperature 
sensitive T-antigen
Taken from a non-diabetic female, aged 
between 30-40 years
Cells currently grown as far as passage 21
Differentiation data available showing 
morphology, insulin stimulated glycogen 
synthesis, creatine kinase activity and 
temperature dependant growth at passage 5, 
10, 15 and 20



Cell Morphology and Differentiation

Cells differentiated for 7 days
Cells form fused, multinucleated myotubes

P15P10P5



Temperature Sensitive Cell Proliferation

Cells grown in 6 well plates
Early passage cells 
proliferate at faster rate at 
37 º C and show reduced 
temperature dependence. 
This is because the natural 
proliferative processes are 
intact
At later passages, 
proliferation becomes T 
antigen dependent so cells 
that would naturally senesce 
proliferate at 33 º C but not 
at 37 ºC .
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Creatine Kinase

Cells at passage 5, 10 and 16 
differentiated in 6 well plates 
and grown to confluent 
monolayer at 33 °C
Plates transferred to 37 °C and 
medium replaced with 
differentiation medium
Extracts periodically prepared 
and total creatine kinase activity 
measured enzymatically. 0
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Insulin Stimulated Glycogen Synthesis

Myoblasts serum-
starved for 18h in 
Ham’s F10 medium at 
37 °C. 
Cells will then be 
exposed to insulin for 2 
hr in serum free 
medium containing 
radio-labelled glucose.
Glycogen synthesised 
was quantified using 
radiometric assay.

Bas 10-8 10-7 10-6
0

100

200

300

[Insulin] (M)

G
ly

co
ge

n 
sy

nt
he

si
s

(%
 o

ve
r 

ba
sa

l)

Bas 10-8 10-7 10-6
0

100

200

300

[Insulin] (M)

G
ly

co
ge

n 
sy

nt
he

si
s

(%
 o

ve
r 

ba
sa

l)

Bas 10-8 10-7 10-6
0

100

200

300

[Insulin] (M)

G
ly

co
ge

n 
sy

nt
he

si
s

(%
 o

ve
r 

ba
sa

l)

Bas 10-8 10-7 10-6
0

100

200

300

[Insulin] (M)

G
ly

co
ge

n 
sy

nt
he

si
s

(%
 o

ve
r 

ba
sa

l)

P5 P10

P16 P21



Glycogen Synthesis in Primary and 
Conditionally Immortalised Human 
Skeletal Muscle Cells
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XM15B1

Conditionally Immortalised Skeletal 
Muscle Cells



Description

A mixed population of human skeletal muscle 
cells conditionally immortalised using 
temperature sensitive T antigen and human 
Telomerase
Taken from a non-diabetic male, aged 31-40 
years
Cells currently grown as far as passage 27
Differentiation data available showing 
morphology, insulin stimulated glycogen 
synthesis and temperature dependant growth at 
up to 23 passages 
Additional data in preparation



Cell Morphology and Differentiation
Cells differentiated 
for 7 days and 
stained for desmin

P15P10P5

Cells form fused, 
multinucleated 

myotubes



Temperature Sensitive Cell Proliferation

Cells grown in 6 well plates
Cells do not grow at 37°C due to senescence
This is overcome at 33°C as a result of the expression of the 
temperature-sensitive large T antigen
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Creatine Kinase
Cells at passage 5, 10, 15 and 
23 were grown to confluence 
at 33°C in 6 well plates
Plates transferred to 37°C 
and medium replaced with 
differentiation medium
Extracts prepared at different 
time points and total creatine 
kinase activity measured 
enzymatically
Creatine kinase activity 
increases during differentiation 
at all passages tested
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Insulin Stimulated Glycogen Synthesis
Myoblasts serum-starved for 
18h in Ham’s F10 medium at 
37°C
Cells exposed to insulin for 2 hr 
in serum free medium 
containing radio-labelled 
glucose
Glycogen synthesised was 
quantified using a filter-based 
radiometric assay
Cells show a dose-dependent 
increase in glycogen synthesis 
in response to insulin at early 
and late passages
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Detection of Myogenin
Extracts of differentiated or 
undifferentiated XM15B1 cells 
at passage 11 and 15 were 
prepared
Myogenin was detected via 
Western blotting
Myogenin is detectable as cells 
differentiate
Other markers of differentiation 
found in Clonetics conditionally 
immortalised human skeletal 
muscle cell lines include 
GLUT4, UCP 3 and glycogen 
synthase

P11 P15

U = Undifferentiated
D = Differentiated

for 7 days

U       D       U        D



Comparison of mRNA expression 
between myoblasts and myotubes

Changed expression in many relevant genes 
including:

myosin, alpha 1/2 actin, creatine kinase, myogenin

36846Total

57315
Expression is 
changed above 8 
times

194456
Expression is 
changed from 4 
to 8 times.

Expression is 
decreased at 
myotubes

Expression is 
increased at 
myotubes



Comparison of mRNA expression 
between XM15B1 and XM15B1+P39

36846Total

34
Expression is 
changed above 8 
times

19147
Expression is 
changed from 4 
to 8 times.

Expression is 
decreased at 
XM1581+P39

Expression is 
increased at 
XM1581+P39



Comparison of mRNA expression 
between Human Skeletal Muscle and XM15B1

36846Total

08
Expression is 
changed above 8 
times

1365
Expression is 
changed from 4 
to 8 times.

Expression is 
decreased at 
XM15B1

Expression is 
increased at 
XM15B1



Characteristics of human skeletal muscle cell model 

Appropriate insulin induced 
glycogen synthesis

Good Cell Morphology Temperature dependant growth

Creatine kinase activity demonstrating 
appropriate differentiation markers

Conditional immortality increases useful lifespan of cells 
without cellular transformation.  
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Conditionally Immortalised Cells 
Derived from Human Fat Tissue

XA15A1

Return to cell types available



Basic properties of XA15A1 cells

A mixed population of conditionally 
immortalized cells derived from 
subcutaneous adipose tissue.
Immortalized by expression of 
temperature sensitive T- antigen.
Cells are able to differentiate into 
functional adipocytes after more than 40 
Population Doublings (PD) in culture. 



Cell maintenance and differentiation 

Proliferation
Usually, cells are grown in SKGM-2 
(Cambrex) medium at 33ºC. Average 
proliferation rate is 42 hours/PD.
Transition (optional)
To increase percentage of 
differentiated cells (especially during 
later passages) cells are incubated at 
37ºC in PGM (Cambrex) medium for 
24- 72 hours.
Differentiation
Cells are incubated at 37ºC for 12 
days in PDM (Cambrex) medium.
No Glitazones are necessary for 
efficient differentiation (they can 
interfere with PPAR-gamma 
activation assays).

.



XA15A1 differentiation: Adipo-Red assay 

XA15A1 PD12 XA15A1 PD18

Primary PD5
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QBT assay: insulin stimulates fatty acid 
uptake by XA15A1 in dose dependent manner
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Leptin and Adiponectin Production



Insulin stimulated glycogen synthesis 
and the effects of differentiation



Glycerol-3-phosphate dehydrogenase activity



Conclusion

Conditional immortalisation can be 
used effectively to produce highly 

relevant, human, cell-based models 
to address the needs of drug 

discovery
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細胞をお使いいただくには 【契約】

各種契約条件について（抜粋）

① 契約開始と同時に106個以上が含まれる細胞バイアルを、

2バイアルお届けします。
② ライセンス費用は別途ご使用されるサイト数、

期間によって異なりますので、別途御見積いたします。

③ 研究用途のみにお使いいただけます。

④ サブライセンス不可

細胞の評価について

XM13A1、XM15B1および XA15A1 細胞株は、
個別のご契約となります。





<お問い合わせ先>

ジーンフロンティア株式会社 事業開発部

〒111-0034  東京都台東区雷門2-19-7雷一ビル
ハローオフィス内416号室

電話：03-5806-7801  Fax：03-3844-6020
E-mail：info@genefrontier.com
HP：www.genefrontier.com




