THE UNIVERSITY OF WESTERN ONTARIO
BIOLOGICAL AGENTS REGISTRY FORM
Approved Biohazards Subcommittee: July 9, 2010
Biosafety Website: www.uwo.ca/humanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontario (UWO) or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biological agents is
described in the laboratory or animal work proposed. The form must also be completed if any work is proposed
involving animals carrying zoonotic agents infectious to humans or involving plants, fungi, or insects that require
Public Health Agency of Canada (PHAC) or Canadian Food Inspection Agency (CFIA) permits.

This form must be updated at least every 3 years or when there are changes to the biological agents being used.

Containment Levels will be established in accordance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Veterinary Facilities, 1% edition 1996,
Canadian Food Inspection Agency (CFIA).

Completed forms are to be returned to Occupational Health and Safety, (OHS), (Support Services Building,
Room 4190) for distribution to the Biohazards Subcommittee. For questions regarding this form, please contact
the Biosafety Officer at extension 81135 or biosafety@uwo.ca. If there are changes to the information on this
form (excluding grant title and funding agencies), contact Occupational Health and Safety for a modification form.
See website: www.uwo.ca/humanresources/biosafety

PRINCIPAL INVESTIGATOR Andy Videsh Babwah

DEPARTMENT Obstetrics & Gynaecology

ADDRESS Victoria Research Laboratories, A4-140
PHONE NUMBER 519-685-8500 extension 55485
EMERGENCY PHONE NUMBER(S) 519-679-3135

EMAIL ababwah@uwo.ca

Location of experimental work to be carried out: Building(s) Victoria Research Laboratories
Room(s) all 4" floor rooms P‘L*._\ ax ( 5 @Mt (u&wft
(‘D\.:-"f\
*For work being performed at Institutions affiliated with the University of Western Ontario, the Safety Officer for
the Institution where experiments will take place must sign the form prior to its being sent to the University of
Western Ontario Biosafety Officer (See Section 16.0, Approvals).

FUNDING AGENCY/AGENCIES: NSERC, ERA
GRANT TITLE(S):
Molecular and functional analysis of nuclear membrane localized GnRH-R| (NSERC Discovery)

GPR54 signaling in human placentation (ERA)

List all personnel working under Principal Investigators supervision in this location:

Name UWO E-mail Address Date of Biosafety Training
Maryse Ahow mahow@uwo.ca Jul 16 2009
Cynthia Pape cynthia.pape@schulich.uwo.ca Oct 11 2006

Macarena Pampillo mpampill@uwo.ca Sep 27 2002




Please explain the biological agents and/or biohazardous substances used and how they will be
stored, used and disposed of. Projects without this description will not be reviewed.

Dr Andy Babwah’s laboratory focuses on elucidating the roles of two G protein coupled receptors, GnRH-RI
and GPR54, in human placentation. A wide variety of techniques are used, including biochemical techniques
such as immunoprecipitation and assays to measure inositol phosphate turnover, and imaging techniques such
as confocal microscopy. A number of experiments are performed using cell lines, all of which are containment
level 1 or 2. The cells are handled in a biological safety cabinet and grown in a tissue culture incubator housed
in a level 2 laboratory. All contaminated liquid materials are aspirated into a flask containing 10% bleach and
contaminated solid plastic materials are sent to be autoclaved and incinerated. Some experiments require the
overexpression of a particular protein in a mammalian cell. To that effect, bacteria cells are transformed with a
DNA plasmid containing the gene of interest, then the plasmid DNA is harvested and transfected into the
mammalian cells. The bacterial strains used in this lab are containment level 2 and under, and contaminated
solid and liquid materials are treated as mentioned before. The overexpression of the protein of interest in
bacterial or mammalian cells does not increase the containment level required for these cells. For some of the
experiments performed in this laboratory, it is necessary to use cholera toxin; however, the amount handled at
one time is equivalent to 20% of the LD 50 in mice, and the maximum amount stored is equivalent to 2x this
value. Finally, animal experiments are performed (AUS protocol # 2008-017) according to the regulations of
the regulations of the Animal Care and Use Subcommittee. The contaminated materials from these
experiments are treated as mentioned before and animal remains are incinerated. All staff members of this
laboratory have attended the required training courses given by OHS.
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Please include a one page research summary or teaching protocol.

Early Researcher Award Program:
Title: GPR54 signaling in human placentation (ERA)

Abnormal placentation causes significant maternal and fetal morbidity and mortality. Placentation is in part
regulated by a receptor called GPR54. When activated, GPR54 couples to two signaling pathways in the cell,
each leading to specific cellular responses. Our studies suggest that under some disease conditions of the
placenta, selective engagement of one pathway over the other can potentially reduce disease severity. Our
studies are aimed at identifying cellular response that lie downstream of each pathway and to develop drugs
that can selectively activate a given pathway under disease conditions. This in turn can greatly benefit
maternal/fetal health-care in Ontario.
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NSERC Discovery 2006-2011
Title: Molecular and Functional Analysis of Nuclear Membrane Localized GnRH-RI

The goal of my research program is to better understand G protein-coupled receptor (GPCR) signaling and the
mechanisms that regulate this signaling. GPCRs are transmembrane receptors that constitute a large and
diverse family of proteins whose primary function is to transduce extracellular stimuli into intracellular
signals. Upon binding of their cognate ligands, which include light, odorants, neurotransmitters, hormones and
chemokines, GPCRs couple to specific G o subunits (of which there are at least 18 that include Gg/11 and Gs)
and activate intracellular signaling pathways. Our current understanding of GPCR signaling and the
mechanisms that regulate it are perhaps best understood for the 2-adrenergic receptor and accordingly this
has served as the prototypical receptor for subsequent studies. However, it is now abundantly clear that there is
significant variation in GPCR signaling and the mechanisms that regulate signaling. Consequently, while the
B2-adrenergic receptor has been an extremely useful model for studying GPCR biology, it is still not as
representative as it was once perceived as being. Therefore, to complement the f2-adrenergic receptor as a
GPCR model system, I have chosen to study the biology of the gonadotropin releasing hormone receptor
(GnRH-R). This is primarily based on emerging ideas which suggest that the mammalian GnRH-RIT represents
one of the most evolutionary advanced members within the GPCR superfamily and its biology may be
representative of numerous other GPCRs.
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1.0 Microorganisms

1.1 Does your work involve the use of biclogical agents? X YES O NO
(non-pathogenic and pathogenic biclogical agents including but not limited to bacteria and other microorganisms,
viruses, prions, parasites or pathogens of plant or animal origin)? If no, please proceed to Section 2.0

Do you use microorganisms that require a permit from the CFIA? O YES X NO
If YES, please give the name of the species.
What is the origin of the microorganism(s)?
Please describe the risk (if any) of escape and how this will be mitigated:
Please attach the CFIA permit.
Please describe any CFIA permit conditions:
1.2 Please complete the table below:
Name of Is it known | Is it known Is it known | Maximum Source/ PHAC or
Biological tobe a to be an tobea quantity to Supplier CFIA
agent(s) human animal zoonotic be cultured Containment
pathogen? | pathogen? | agent? at one time? Level
YES/NO YES/NO YES/NO (in Litres)
E coli (DH5 O Yes O Yes O Yes 1 Invitrogen X1 02
alpha) X No X No X No 02+03
E coli (Top O Yes O Yes O Yes 1 Invitrogen X1 02
10) X No X No X No 02+03
XL1 Blue O Yes O Yes O Yes 1 Stratagene |01 X2
supercompet | X No X No X No 02+03
ent cells
OYes O Yes O Yes 01 02
O No O No O No 02+03
*Please attach a Material Safety Data Sheet or equivalent from the supplier.
2.0 Cell Culture
2.1 Does your work involve the use of cell cultures? XYES O NO

If no, please proceed to Section 3.0

2.2 Please indicate the type of primary cells {i.e. derived from fresh tissue) that will be grown

in culture:

Cell Type ls this cell type used Source of Primary Cell AUS Protocol Number
in your work? Culture Tissue

Human XYes O No Human placenta Not applicable

Rodent O Yes X No

Non-human primate O Yes X No

Other (specify) O Yes X No
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2.3 Please indicate the type of established cells that will be grown in culture in:

2.4
Cell Type Is this cell type Specific cell line(s) Supplier / Source
used in your work?

Human XYes O No HEK 293 ATCC (original supplier)

Human XYes O No HTR-8/Svneo Dr Lala, UWO (Anatomy and Ce
Biol)

Human X Yes O No MDA-MB-231 ATCC (original supplier)

Human X Yes O No MDA-MB-435S ATCC (original supplier)

Human X Yes O No MCF-10A ATCC (original supplier)

Human X Yes O No PC-3 ATCC (original supplier)

Human X Yes O No PZ-HPV-7 ATCC (original supplier)

Human XYes ONo JEG-3 Dr Yang, UWO (Ob&Gyn)

Human XYes ONo GripTite 293 MSR Invitrogen

Rodent XYes ONo ARIP Dr Pin, UWO (Phys & Pharm)

Rodent X Yes O No AR42J Dr Pin, UWO {Phys & Pharm}

Rodent X Yes O No MEF wild type Dr Lefkowitz, Duke Univ, USA

Rodent X Yes O No MEF, Barr 1 deficient Dr Lefkowitz, Duke Univ, USA

Rodent X Yes O No MEF, Barr 2 deficient Dr Lefkowitz, Duke Univ, USA

Rodent XYes O No MEF, Barr 1 and 2 deficient Dr Lefkowitz, Duke Univ, USA

Rodent XYes O No MEF wild type Dr Offermanns, Max-Planck
Institute, Germany

Rodent XYes O No MEF Galpha g/Galpha11 deficient | Dr Offermanns, Max-Planck
Institute, Germany

Rodent XYes ONo MEF Galpha 12/Galpha13 deficient | Dr Offermanns, Max-Planck
Institute, Germany

Rodent X Yes O No GT1-7 Dr Mellon, Univ California, USA

Non-human | X Yes O No COS-7 ATCC (original supplier)

primate

Other (specifl O Yes X No

*Please attach a Material Safety Data Sheet or equivalent from the supplier. (For more information, see
www.atcc.org)

2.5 For above named celi types(s) indicate PHAC or CFIA containment tevel required O1 X2 02+ O3

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? XYES O NO

(human corionic gonadotropin — purified — tested for human pathogens (eg: HIV))

If no, please proceed to Section 4.0

3.2 Indicate in the table below the Human Source Material to be used.

Human Source Source/Supplier | Is Human Source Name of PHAC or CFIA

Material {Company Name | Material Infected Infectious Containment
With An Infectious Agent (If Level (Select
Agent? applicable} | one)
YES/NO

Human Bilood (whole) or O Yes 01 02

other Body Fluid O Unknown 02+ 03

Human Blood (fraction) O Yes 01 02

or other Body Fluid O Unknown 02+03




Human QOrgans or O Yes 01 02
Tissues (unpreserved) O Unknown 02+03

Human Organs or

Tissues (preserved) Not Applicable Not Applicable

4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modifications be made to the microorganisms, biological agents, or cells described in Sections

1.0 and 2.07? XYES O NO If no, please proceed to Section 5.0

4.2 Will genetic modification(s) involving plasmids be done? X YES, complete table below  ONO
Bacteria Used for | Plasmid(s) ** Source of Plasmid | Gene Transfected | Describe the change
Cloning * that results from

transformation or
tranfection

E coli DH5alpha pEGFP-C3 Clontech GPR54 Cells overexpress a
fusion protein
(GPR54-GFP) thatis a
green fluorescent
protein

E coli DHb5alpha pECFP-C1 Clontech GPR54 Cells overexpress a
fusion protein
(GPR54-CFP) thatis a
cyan fluorescent
protein

E coli DH5alpha pEYFP-C1 Clontech GPR54 Cells overexpress a
fusion protein
(GPR54-YFP) thatis a
yellow fluorescent

protein
E coli DH5alpha pcONA3.1/Hygro | Invitrogen GPR54 Cells overexpress
(+} GPR54 and are

resistant to the
antibiotic hygromycin

* Please attach a Material Data Sheet or equivalent if available.
** Please attach a plasmid map.



4.3 Will genetic modification(s) involving viral vectors be made? O YES, complete table below X NO

Virus Used for Vector(s) * Source of Vector | Gene(s) Describe the change
Vector Transduced that results from
Construction transduction

* Please attach a Material Safety Data Sheet or equivalent.

4.4 Will genetic sequences from the following be involved?

¢ HIV O YES, please specify XNO

¢ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens O YES, specify X NO

¢ SV 40 Large T antigen X YES (COS-7 and HTR-8/Svneo cells) ONO
¢ E1A oncogene X YES (HEK 293 cells) O NO
¢ Known oncogenes O YES, please specify O NO /€
¢ Other human or animal pathogen and or their toxins O YES, please specify XNOP
4.5 Will virus be replication defective? OYES O NO N/A
4.6 Will virus be infectious to humans or animals? OYES ONO N/A
4.7 Will this be expected to increase the containment level required? O YES ONO N/A

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted involving a biological agent? O YES X NO
(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
If no, please proceed to Section 6.0

5.2 If YES, please specify which biological agent will be used:
Please attach a full description of the biological agent.

5.2 Will the biological agent be able to replicate in the host? O YES O NO

5.3 How will the biological agent be administered?

5.4 Please give the Health Care Facility where the clinical trial will be conducted:

5.5 Has human ethics approval been obtained? O YES, number: O NO O PENDING
6.0 Animal Experiments

6.1 Will live animals be used? X YES O NO If no, please proceed to section 7.0

6.2 Name of animal species to be used: Mus musculus

6.3 AUS protocol # 2008-017

6.4 Will any of the agents listed in section 4.0 be used in live animals O YES, specify: X NO

6.5 Will the agent(s) be shed by the animal: O YES O NO, please justify:




7.0 Use of Animal species with Zoonotic Hazards

7.1 Will any animals with zoonotic hazards or their organs, tissues, lavages or other body fluids including blood
be used (see list below)? O YES X No If no, please proceed to section 8.0

7.2 Please specify the animal(s) used:

¢ Pound source dogs O YES ONO
¢ Pound source cats O YES ONO
¢ Cattle, sheep orgoats O YES, please specify species O NO
¢ Non-human primates O YES, please specify species O NO
¢ Wild caught animals O YES, please specify species & colony # ONO
¢ Birds O YES, please specify species O NO
¢ Others (wild or domestic) O YES, please specify O NO

8.0 Biological Toxins
8.1 Will toxins of biological origin be used? X YES O NO If no, please proceed to Section 9.0

8.2 If YES, please name the toxin(s): Cholera toxin
Please attach information, such as a Material Safety Data Sheet, for the toxin(s) used.

8.3 What is the LDs (specify species) of the toxin: 250 ug/kg in mice
8.4 How much of the toxin is handled at one time*? 50 ug
8.5 How much of the toxin is stored*? 0.5 mg

8.6 Will any biological toxins be used in live animals? O YES, Please provide details: X NO

*For information on biosecurity requirements, please see
http://www.uwo.ca/humanresources/docandform/docs/he

9.0 Insects
9.1 Do you use insects? O YES X NO If no, please proceed to Section 10.0

9.2 If YES, please give the name of the species.

9.3 What is the origin of the insect?

9.4 What is the life stage of the insect?

9.5 What is your intention? O Initiate and maintain colony, give location:
O “One-time" use, give location:

9.6 Please describe the risk (if any) of escape and how this will be mitigated:

9.7 Do you use insects that require a permit from the CFIA permit? O YES ONO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:

[ P S A



10.0 Plants
10.1 Do vyou use plants? O YES XNO If no, please proceed to Section 11.0

10.2 If YES, please give the name of the species.

10.3  What is the origin of the plant?

10.4  What is the form of the plant (seed, seedling, plant, tree...)?

10.5 Whatis your intention? O Grow and maintain a crop O "One-time” use

10.6 Do you do any modifications to the plant? O YES ONO
If yes, please describe:

10.7 Please describe the risk (if any) of loss of the material from the lab and how this will be mitigated:

10.8 s the CFIA permit attached? O YES ONO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:

11.0 Import Requirements

11.1 Will any of the above agents be imported? O YES, please give country of origin X NO
If no, please proceed to Section 12.0

11.2 Has an Import Permit been obtained from HC for human pathogens? OYES O NO
11.3 Has an import permit been obtained from CFIA for animal or plant pathogens? O YES O NO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # O NO

12.0 Training Requirements for Personnel Named on Form

All personnel named on the above form who will be using any of the above named agents are required to attend
the following training courses given by OHS:

+ Biosafety

¢ Laboratory and Environmental/Waste Management Safety

+ WHMIS (Western or equivalent)

+ Employee Health and Safety Orientation

As the Principal Investiga

, | have engur d that all of the personnel named on the form who wili be using any of
the biological agents in §

tons 1.0 t6 9.0 have been trained.

SIGNATURE
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13.0 Containment Levels

13.1 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. 01 ®2 02+ O3

13.2 Has the facility been certified by OHS for this level of containment? =

W YES, permit # if on-campus__ B\Q = LHRI -
O NO, please certify L&ﬁ’\ i § (—(J(-,-\'—‘gc_o\gl‘\bﬁ

O NOT REQUIRED for Level 1 containment
14.0 Procedures to be Followed Qlt&m %pw}
DO
14.1 As the Principal Investigator, | will ensure that this project will follow the Western Biosafety Guidelines and ZepR
Procedures Manual for Containment Level 1 & 2 Laboratories (and the Level 3 Facilities Manual for Level 3 EFR)
projects). | will ensure that UWO faculty, staff and students working in my laboratory have an up-to-date Hazard

Communication Form, found at http://www.wph.uwo.ca/
(9’ Date: &"b AUS gl( (D

14.2 Please descripeé additional risk reduction measures will be taken beyond containment level 1, 2, 2+ or 3
measures, that are unique to this agent.

SIGNATURE

14.3  Please outline what will be done if there is an exposure to the biological agents listed,
such as a needlestick injury:

T diafely won -l-harmsb.&, wite soa.p aud waftr, re.h/‘-l-o NsDS
sb.u.:t ok oH &s.

15.0 Approvals

1) UWO Biohazards Subcommittee: SIGNATURE:
Date:

2) Safety Officer for the University of Western Ontario
SIGNATURE:

Date:

3) Safety Officer for Institution where experiments will take place (if not UWO): Qrﬂ/\
SIGNATURE: /Ao

Date:  Stevemeer 1S g DLO

Approval Number: Expiry Date (3 years from Approval):

Special Conditions of Approval:
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TOXIN USE RISK ASSESSMENT

TOXIN: Clrolef o

PROPOSED USE (DOSE): SO wpo (use) DO _Ja (shnasg)
—J 7 = 7
LDso (species): 20 pqg [ \ij (pai'ce)
CALCULATION:
SO uglkg X 70 kg/person = A5 ug per person
(use)
Divide by safety factor(s) of 10 (as applicable): a5 ug per person

(ona so-Cety Factor ustd)

COMMENTS/RECOMMENDATION:

/ [ethed st

use A ose (SD’US) colanlated (%QUF\L]J

Wwse
storage annon oA B
“ 0‘03 Qalu/ua\’ﬂld
(500 uy ) (250 M)



Re: Biological Agents Registry Form: Babwah

Subject: Re: Biological Agents Registry Form: Babwah
From: Gail Ryder <Gail.Ryder@LawsonResearch.Com>
Date: Fri, 01 Oct 2010 14:05:03 -0400

To: Jennifer Stanley <jstanle2@uwo.ca>

Hi Jennifer,

Sorry, it meant to say November 2008. It was initially certified on May 20, 2008
but then he added more pathogens so I did a reinspection on November 26, 2008. I
can FAX you over the main signature sheet if you want. He is one of the labs on
my list to be recertified this fall as I know his date of expiration is
approaching.

Cheers,
Gail

Gail Ryder, CRSP
Research Safety Officer

Lawson Health Research Institute

South Street Hospital

375 South Street, Room A210, NR
London, Ontario, Canada NG6A 4G5

Tel: (519) 685-8500 x75109

Fax: (519) 432-7367

Pager: x18059

E-mail: Gail.Ryder@LawsonResearch.com
Website: www.lawsonresearch.com

||| Jennifer Stanley <jstanleZ@uwo.ca> 2010/09/30 04:25 PM >>> III
Hi Gail
Thank you for this recent submission.

I noticed that the PHAC inspection was done in May 2008, over 2 years
ago. Since PHAC inspections are normally only valid for 2 years, do you
have plans to re-inspect the facility soon?

Regards
Jennifer

This information is directed in confidence solely to the person named above and
may contain confidential and/or privileged material. This information may not
otherwise be distributed, copied or disclosed. If you have received this e-mail in
error, please notify the sender immediately via a return e-mail and destroy
original message. Thank you for your cooperation.

1 afil 10/4/2010 9:49 AM



Biological Agents Registry Form: Babwah

Subject: Biological Agents Registry Form: Babwah
From: Jennifer Stanley <jstanle2@uwo.ca>

Date: Thu, 30 Sep 2010 16:25:48 -0400

To: Gail Ryder <Gail.Ryder@LawsonResearch.Com>

H: Gail

Thank you for this recent submission.

I noticed that the PHAC inspection was done in May 2008, over 2 years ago. Since
PHAC inspections are normally only valid for 2 years, do you have plans to

re-inspect the facility soon?

Regards
Jennifer

opy 9/30/2010 425 PM



& invitrggeﬁ" Material Safety Data Sheet Revision Date: 19-Mar-2010

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE

COMPANY/UNDERTAKING
Product code 18265017
Product name Subcloning Efficiency ™ DH5alpha™ Competent Cells
Company/Undertaking Identification
INVITROGEN CORPORATON
5791 VAN ALLEN WAY mSD S

PO BOX 6482
CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.0O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

24 hour Emergency Response 866-536-0631
(Transport): 301-431-8585
Outside of the U.S. ++1-301-431-85856

For research use only

2. COMPOSITION/INFORMATION ON INGREDIENTS

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We

recommend handling all chemicals with caution.

3. HAZARDS IDENTIFICATION

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health
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3. HAZARDS IDENTIFICATION

Form
Liquid

Principle Routes of Exposure/

Potential Health effects
Eyes
Skin
Inhalation
Ingestion

Specific effects
Carcinogenic effects

Mutagenic effects
Reproductive toxicity
Sensitization

Target Organ Effects

No information available
No information available
No information available
May be harmful if swallowed.

No information available
No information available
No information available
No information available

No information available

HMIS
Health | 0
Frammability | 0
Reactivity | 0
4. FIRST AID MEASURES =~ |

Skin contact
Eye contact

Ingestion

Inhalation
Notes to physician

Wash off immediately with plenty of water. If symptoms persist, call a physician.
Rinse thoroughly with plenty of water, also under the eyelids. If symptoms persist,
call a physician.

Never give anything by mouth to an unconscious person. If symptoms persist, call a
physician.

Move to fresh air. if symptoms persist, call a physician.

Treat symptomatically.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media

Dry chemical

Special protective equipment for Wear self-contained breathing apparatus and protective suit

firefighters

6. ACCIDENTAL RELEASE MEASURES ]

Personal precautions
Methods for cleaning up

Use perscnal protective equipment
Soak up with inert absorbent material.

L

7. HANDLING AND STORAGE | B

Handling
Storage

No special handling advice reguired
Keep in properiy labelled containers
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"~ 8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory Protection In case of insufficient ventilation wear suitable respiratory eguipment
Hand protection Protective gloves

Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.

Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure  Prevent product from entering drains.

controls

9. PHYSICAL AND CHEMICAL PROPERTIES

General Information

Form Liquid

important Health Safety and Environmental Information
Boiling peoint/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

. 10. STABILITY AND REACTIVITY_

Stability Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

" 41. TOXICOLOGICAL INFORMATION

Acute toxicity

Princinle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information availahle
Inhalation No information available
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ingestion

Specific effects
Carcinogenic effects
Mutagenic effects
Reproductive toxicity
Sensitization

rgan Effects

Target ¢

May be harmful if swallowed.

{Long Term Effects)

No information available
No information available
No information available
No information available

No information available

12. ECOLOGICAL INFORMATION

Ecotoxicity effects
Mohility
Biodegradation
Bicaccumulation

No information available.
No information available.
Inherently biodegradable.
Does not bioaccumulate.

' 13. DISPOSAL CONSIDERATIONS

Dispose of in accordance with local regulations

' 414. TRANSPORT INFORMATION

IATA

Proper shipping name
Hazard Class
Subsidiary Class
Packing group

UN-No

Not classified as dangerous in the meaning of transport regulations
No information available
No information available
No information available
No information available

45. REGULATORY INFORMATION

International Inventories

U.5. Federal Regulations

SARA 313

This preduct is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)

This product does not contains HAPs.

U.S. State Regulations

California Proposition 65

This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled
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This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

16..0THER INFORMATION

For research use only

The above infarmation was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may present unknown hazards and should be used with caution. Since the
Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be held liable for any
damages or losses resulting from the handling or from contact with the product as described herein. THE INFORMATION
IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

End of Safety Data Sheet
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Material Safety Data Sheet

Product code 500257
Product name TOP 10 - ONE SHOT

Company/Undertaking ldentification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 22008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7 BA4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND [SLAND, NY 14072
716-774-6700

HazardousiNon-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Suspension
Principle Routes of Exposure/
Potential Health effects
Eyes Ne information available
Skin No information available
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. HAZARDS IDEN'

Inhalation No information available

ingestion No information avaitable
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization MNo information available
Target Organ Effects No information available
HMIS
Heailth 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by moufh to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear seif-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equiprent
Methods for cleaning up Soak up with inert abscrbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

. PROTECTION.

Occupational exposure centrols

Exposure limits
Engineering measures Ensure adeguate ventilation, especially in confined areas

Personal protective egquipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective ciothing.

Page 2/4



Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure  Prevent product from entering drains.
controls

L PROPERTIES

General Information

Form Suspension

important Health Safety and Environmental Information
Boiling pointirange “C No data available  °F No data available
Melting point/range °C No data available  °F No data avaiiable
Flash point °C No data available  °F No data available
Autoignition temperature *C No data available  °F No data available
Oxidizing properties Ne information available
Water solubility No data available

Stability Stable.

Materials to aveid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposuref/
Potential Health effects

Eyes Ne information available
Skin Ne information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information avaitable

Ecotoxicity effects No information available.
Mobility No information available.
Bicdegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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‘RANSPORT INFORMATION

|

[ATA
Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information avaitable
Subsidiary Class No information available
Packing group No information available

UN-No No information available

International inventories

U.8. Federal Regulations

SARA 313
This product is not regulated by SARA.

Ciean Air Act, Section 112 Hazardous Air Pollutants (HAPs) {see 40 CFR 61)
This product dees not contains HAPs.

.5, Stafte Regulations

California Proposition 65 ]
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. 1t is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
fNFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Satety Data Shes
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MATERIAL SAFETY DATA SHEET

rvvsrerrenerres AIDENTIFIGATION  reermeseressssmerstsssesssesssssssssssessssssoes

Stratagene Date of tast update: 6/07/2007
11011 N. Torrey Pines Rd. Phone #: 800-894-1304

La Jolla, CA 92037 Fax #  858-373-5300

Part #:1071-13 Product Name: DMSO (Comp Cells)
CAS #:867-68-5

HAZARDOUS COMPONENTS  oererveeessmseeessssoessesssesessssessesstssoss e
Chemical Name & Synonyms: Dimethyl Sulfoxide* A 10846* Deltan* Demeso* Demasorb, Demavet*
Demsodrox, Dermasorb* Dimethy] Sulfoxide® Dimethyl Sulphoxide* Dimexide* Dipirartril-Tropico®
DMS-70* DMS-90* DMSO* Dolicur* Domoso* Dromisol* Durasorb* Gamasol 90* Hyadur* Infiltrina*
M 176* Methane, Sulfinylbis-* Methylsukfiny linethane* NSC-763* RIMSO-50* Somipront* SQ 9453%
Sulfinyibis (Methane)* Syntexan* Topsym*

OSHA PEL Limits: N/A
ACGIH TLV: N/A
Other Limits Recommended: N/A

KIT DMS0-containing component %
200124 TKX! Competeat Cells 20012441 TKX1 Competent Cells <10%
200129 X1L1-Red Competent Cells 200129-4] XL 1-Red Competent Cells <10%
200236-41 XL I-Blue Competent Cells
200130 XL1-Blue Subcloning-Grade Competent 200130-11 XL [-Biue Subcloning Competent <10%
Cells Cells
200131 BL2F(DE3) Competent Cells 200131-41 BL-21 (DE3) Cells <10%
200132 BL2I{DLE3)pLysS Competent Cells 200132-41 BL-21 (DE3) pLysS Cells <10%
200133 BL21 Competent Cells 200133-4f BL-21 Competent Cells <10%
200134 TKB1 Competent Cells 20013441 TKBt Competent Cells <1(t%
200138 XL1-Blue MRF’ Kan Library Pack 200138-41 XL.1-Blue MRF” Kan Competent Cells | <10%
Competent Cells
200150 XL2-Blue Ultracompetent Cells 200150-41 X1L2-Blue Ultracompetent Celis <1 0%
200151 XL2-Blue MRF Ultracompetent Cells 200151-41 XL2-Biue MRF’ Ultracompetent Cells | <10%
200152 SURE®2 Supercompetent Cells 200152-41 SURE®2 Ultracompetent Cells <]0%
200170 ABLE® Competent Cells 200171-41 ABLE® C Cempetent Cells <10%
200172-41 ABLE® K Competent Cells
200171 ABLE® C Competent Cells 200171-41 ABLE® C Competent Cells <10%
200172 ABLE® C Competent Cells 200171-4] ABLE® K Compeient Cells <i0%
200180 BacterioMatch® Two-Hybrid System 200180-41 BacterioMaich® Reporier Competent | <10%
Reporter Sirain Competent Cells Cells
200190 BacterioMatch® 11 Sereening Reporter 200190-41 BacterioMatch® 11 Reporter <10%
Competent Cells Competent Cells
200192 BacterioMatch® 1I Validation Reporter 200192-41 BacterioMateh® 1 Reporter <1{%
Competent Cells Competent Cells
200229 X1.1-Blue MR Competent Celis 20022941 XL1-Blue MR Competent Cells <10%
200230 XL1-Blue MRF’ Super Competent Cells 200230-41 XL1-Blue MRF' Competent Cells <10%
200231 SCS | Supercompetent Cells 200230-41 SC51 Competent Cells <10%
200232 AGI1 Competent Cells 200232-41 AG] Competent Cells <10%
200233 NM322 Competent Cells 200233-41 NM522 Competent Cells <10%
200234 IM101 Competeat Cells 200234-41 IM101 Competent Cells <10%
2 > JIM1069 Competent Cells 200235-41 JMI09 Competent Cells <10%
z 200236%1.1-}31% Supercompetent Cells 200236-41 XL1-Blue Competent Cells <10%
SURE® Competent Cells 200238-41 SURE® Competent Cells <10%
200239 IMI10 Competent Cells 200239-41 IM110 Competent Cells <10%
200247 SCS110 Competent Cells 200247-41 SC5110 Competent Cells <10%
200248 XL1-Blue MRF’ Kan Supercompetent Cells | 200248-41 XL1-Blue MRF" Kun Competent Cells | <10%

1




200249 XL1-Blue Competent Cells

200236-41 X11-Blue Competent Cells

<] 0%

200314 XL10-Gold® Ultracompetent Cells 200315-41 X110-Gold® Competent Cells <10%
200315 XL10-Gold® Ultracompetent Cells 20031541 XL10-Gold® Competent Cells <10%
200317 XLI0-Gold® KANr Utracompetent Cells 200317-41 XL10-Gold® KANr Ultracompetent <10%
Cells
200324 86Pack® Gold Competent Cells 200324-41 96Puck® Gold Competent Cells <10%
230130 BI.21-Gold Competent Cells 230130-41 BL21-Gold Competent Cells <10%
230132 BL21-Gold(DE3) Competent Cells 230132-41 BL21-Gold(DE3) Competent Cells <§{%
230134 BL21-Gold(DE3) PLy3S competent Cells 230134-41 BL21-Gold(DE3) PLysS Competent <[0%
Cells
230135 BL21-Gold(DE3) LacZ Competent Cells 230135-41 BL21-Gold(DE3) LacZ Competent <10%
Cells
230191 ArcticExpress™ Competent Cells 230191-41 ArcticExpress™ Competent Cells <] 0%
230192 ArcticExpress™ (DE3) Competent Cells 230192-41 ArcticExpress™ (DE3) Competeni <{1(%
Cells
230193 ArcticExpress™ (DE3) RIL Competent 230£93-41 AreticExpress™ (DE3) RIL <10%
Cells Competent Cells
230194 ArcticExpress™ (DE3) RP Competent Cells | 230194-41 ArcticExpress™ (DE3) RP Competent | <10%
Cells
230195 ArcticExpross™ RIL Competent Celts 230193-41 ArcticExpress™ RIL Competent Cells | <10%
230196 ArcticExpress™ RP Competent Cetls 230196-41 ArcticExpress™ RP Competent Cells <f0%
230240 BL21-CodonPlus®-RIL Competent Cells 230240-41 BL21- CodonPlus@-RIL Compeient <10%
Cells
230245 BL2I- CodonPlus® (DE3)-RIL Competent | 230245-41 BL21- CodonPlus® (DE3) RIL <10%
Cells Competent Cells
230246 Protein Expression Competent Cell Pack 200131-41 BL-21 {DE3) Cells <10%
230132-41 BL21-Gold(DE3) Cells
230280-41 BL21-CodonPlus® (DE3}-RIPL Cells
230134-4] BL2I-Gold{DE3) PLys5 Cells
230247 Dutticuit Cloning Competent Cell Pack 200317-41 X1.10-Gold® KANT Cells <10%%
200132-41 Ultra Comp SURE® Cells
200172-41 ABLE® K Cells
230248 Routine Cloning Competent Cell Pack 200150-41 Ulira Comp XL2-Blue Cells <10%
200151-4§ Ultra Comp X1.2-Blue MRF Cells
230325-41 SoloPack® Gold Cells
230250 BL21- CodonPius®-RP Competent Cells 230250-41 Codon® Plus RP Competent Cells <10%
230255-41 Codon Pius® NDE3 RP Competent
Cells
230255 BL21-CodonPlus® (DE3)-RP Competent 230255-41 Codon Plus® DE3 RP Competent <10%
Cells Cells
230265 BL21-CodonPlus® (DE3)-RIL-X 230265-41 Codon Plus® RIL (DE3) MET Cells <10%
Competent Cells
230275 BL2I-CodonPlus® (DE3)-RP-X Competent | 230275-41 Codon Plus® RFP (DI33) MET-Cells <10%
Cells
230280 BL2I-CodonPlus® (DE3)}-RIPL Competent | 230280-4]1 BL21-CodonPlus@ (DE3)-RIPL <10%
Cells Competent Cells
230315 XL10-Gold® Ultracompetent Cells 200315-41 XL10-Gold® Competent Cells <10%
230325 SoloPack® Gold Competent Cells 230325-41 SoloPack® Gold Cells <10%
230350 SoloPack® Gold Competent Cells 230350-41 SofoPack® Gold SuperCompetent <10%
Cells
920236-41 XL1-Blue Competent Ceils <10%

929236 XL 1-Bive Supercompetent Cells




o TOXICTITY DIATA  cooceereomsmsesessessasssessoss st s asssssssessessesssssonss s oes

Trritation Data:
SKN-RBT 10 mg/24H open Mld. AIHAAP 23,9562
SKN-RBT 500 mg/24H Mld. BSICAE -,1044 86
EYE-RBT 100 mg TXAPAY 39,129.77
EYE-RBT 500 mg/24H Mld. 85JCAE -,1044 86

Toxicity Data:
ORL-RAT  LDs 14,500 mghks TXAPA9 15,74,69
SKN-RAT LDsy: 40 gm/kg ) ANYAA9 1419667
[PR-RAT LDsy: 8200 mg/kg FCTOD7 22,665,84
SCU-RAT LDg: 12 gm/kg ARZNAD  14,1050,64
IVN-RAT LDs;: 5360 mg/kg TXAPA9 7,104,65
UNR-RAT  LDgy: 1300 mg/kg NTIS** AD-A159-418
SKN-MUS LDsy 30 gm/kg ANYAA9 141,96,67
ORL-MUS  LDsy 7920 mg/kg CHTPBA  3,10,68
IPR-MUS LDy 2500 mg/kg RPTOAN  35300,72
SCU-MUS LDy 14 gm/kg ANYAAD  141,96,67
TVN-MUS LDsy: 3100 mp/kg TXAPA9 15,74,69
ORL-DOG  LDs:  >10 gm/ke ANYAAS  141,96,67
IVN-DOG EDsy: 2500 mg/kg CNCRAG 31,763
ORL-CKN LDsy: 12 gm/kg JPPMAB 15,688,63
ORL-MAM  LDsy 21,400 mg/kg GISAAA 39(4),86,74
ORL-BWD LD« 100 mg/kg TXAPAD 21,315,72

Reviews, Standards, and Regulations:

OEL=MAK

OEL-RUSSIA: STEL 20 mg/m’ JAN 93

OEL-SWITZERLAND: TWA 50 ppm (160 mg/m™), SKIN JAN 93

NOHS 197:4: HZD 805G4; NIS 11; TNF 476; NOS 25; TNE 22461

NOES 1983: 121D B0564; NIS 29, TNF 3507, NOS 40, TNE 44947, TFE 16837

EPA GENETOX program 1988, Positive: Aspergillus-Ancuploidy; S. Cerevisiae gene conversion.

LEPA GENETOX program 1988, Negative: SHE-clonal assay; Cell transtorm. - mouse embryo.

EPA GENETOX program 1988, Negative: Cell transtform. - RLV F344 Rat embryo.

EPA GENETOX program 1988, Negative: D. melanogaster - Whole sex chivom. Loss; Host -mediated
assay.

EPA GENETOX program 1988, Negative: N, crassa - aneuploidy; E. coli PolA with S9.

EPA GENETOX program 1988, Negative: Histidine seversion - Ames test, in vitro SCE-nonhuman.

EPA GENETOX program 1988, Negative: D. melanogaster sex-linked lethal.

EPA GENETOX program 1988, Inconclusive: Aspergillus - Recombination; Carcinogenicity -
Mouse/Rat

EPA GENETOX program 1988, Inconclusive: D. melanogaster - reciprocal translocation.

EPA GENETOX program 1988, Inconclusive: Rodent dominant lethal; B. subtilis REC assay,

EPA GENETOGX program 1988, Inconclusive: E. coli PolA without 89,

[EPA TSCA Section 8(B) Chemical Inventory

EPA TSCA Section 8(D) Unpublished health/sately studies

EPA TSCA Test Submission {TSCATS) Data Base, JTanuary 1997



Target Organ Data:
Behavioral (altered sleep time)
Gastroimntestinal (nausea or vomiting)
Liver (jaundice, other or unclassified)
Effects on fertility (pre-implantation mortality)
Effects on embryvo or fetus (Fetotoxicity)
Specitic developmental abnormalities {musculoskeletal sy stem)

Only selected Registry of Toxic Effects of Chemical Substances (RTECS) data is presented here. See
actual entry in RTECS for complete information,

RTECS #: PV6210000, Methy1 Sultoxide

Acute Effects:
May be harmful if swallowed, inhaled or absorbed through skin.
Vapor or mist is pritating to the eyes, mucous membranes sid upper respiratory tract.
Causes skin irrifation.
Avoid contact with DMSO solutions containing toxic materials or materials with unknown
toxicological properties. Dimethy | Sulfoxide is readily absorbed through skin and may carry suech
materials into the body.

Chwonic Effects:
Target Organs: Eyes, Skin

To the best of our knowledge, the chemieal, physical, and toxicological properties have not been
thoroughly investigated.

First Aid:
Eyes : In case of contact, immediately tlush with copious amounts of water for at least 15 minutes.
Skin : In case of contact, immediately Hush with copious amounts of water for ai least 15 minutes white
removing contaminated clothing and shoes.
Inhalatipn: Remove to fresh air. If not breathing give artificial respirvation, If breathing is difficult, give
OXy gen.
Ingestion: Wash out mouth with water previded person 15 conscious.

Wash contaminated ¢lothing before reuse.

In all cases, call a physician,

ME: C,H 08

Botling point..........c.coo..o.s 189°C

Melting point...........c........: 18.4°C

Specific Gravity (H,0 = 1) 1,101

Vapor Density.............0 27

Vapor Pressure................... 0.42 mm @ 20°C
Flashpoint........... ceveeennnnn.s VB3P (BS°C)

Autoignition Temperature..: 573°F (300°C)
Explosion Limits in Air:
Lower .........0 3.5%

+4



R Fire and EXp]OSiOll Hazard Data BT T T YT T T T S TP PP PISPRI PP
Extinguishing Media;

Water Spray.

Carbon Dioxide, Dry chemical powder, or appropriate Foam

Special Firetighting Procedures:
Wear self-contained breathing apparatus and protective clothing to prevent contact with skin and eyes.
Combustible liquid.

Unusual Fire and Explosion Hazards:
Emits toxic fumes under fire conditions.

Incompatibilities:
Acid chlorides
Phosphorus halides
Strong acids
Streng oxidizing agents
Strong reducing agents
Sensitive to moisture

Hazardous Cembustion or Decomposition Products:
Toxic {umes of :
Carbon inonoxide and carbon dioxide
Sulfur oxides

Stability: Stable
Hazardous polymerization: Will not occur.

Additional Information: Methyl Sulfoxide (DMSO) undergoes a vielent exethermic reaction on mixing
with copper wool and trichloroacetic acid. On mixing with potassium permanganate, it will tlash
instantaneously. It reacts violently with: acid halides, cyanuric chloride, silicon tetrachioride, phosphorus
trichloride and trioxide, thionyl chloride, magnesium perchlorate, silver fluoride, methyl bromide, iodine
pentafluoride, nitrogen periodate, diborane, sodium hydride, perchleric and periodic acids. When heated
above its boiling point, methy! sulfoxide degrades, giving off formaldehy de, metlyl mercaptan, and sulfur
dioxide.

Spill or Leak Procedures

Steps to be taken if Material is Released or Spiiled:
eEvacuate area.
«Wear self-contained breathing apparatus, rubber boots and heavy rubber gloves.
*Absorb on sand or vermiculite and place in closed containers until proper disposal is possible.
eVentilate the area and wash spill site after material pickap 15 complete.

Waste Disposal Method:
This combustible material may be burned in a chemical incinerator equipped with an afterburner
and scrubber.
Observe all federal, state and local environmental regulations.



Wear appropriate NIOSH/MSHA-approved respirator, chemical-resistant gloves, safety gopgles and other
protective clothing.

Ensure that a safely shower and eye bath are available.
Use only in a chemical fume hood.

Do not breathe vapor.

Avoid contact with eyes, skin and clothing.

Avoid prolonged or repeated exposure.

Readily absorbed through skin.

Wash thoroughly after andling.

Keep tightly closed.

Keep away from heat and open flame,

Store in a cool, dry place.

Label Precautionary Statements:
Trritant.
Irritating to eyes, respiratory systen, and skin.
Combustible.
Target Organs: eyes, skin
Readily absorbed through skin.
In case of contact with eyes, rinse immediately with plenty of water and seck medical advice.
Wear suttable protective clothing.
Do not breathe vapor.

The abeve miormation is believed to be correct but does not purport to be all-inclusive and shall be used
only 4s a guide. Stratagene shall not be held liable for any damage resulting from handking or from contact
with the above product.



Cell Biology

ATCC® Number:
Designations:
Biosafety Level:

Medium & Serum:

Organism:

Source:

Permits/Forms:

Restrictions:

Applications:

Receptors:
Tumorigenic:

DNA Profile (STR):

Cytogenetic
Analysis:

Age:

$256.00

CRL-1573™ Order this Item rice:

293 [HEK-293] Depositors: FL Graham

2 [CELLS CONTAIN ADENOVIRUS]  Shipped: frozen

See Propagation Growth Properties: adherent
Epithelial

i
o

Homo sapiens (human) Morphology:

i

Organ: kidney
Cell Type: transformed with adenovirus 5 DNA

may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material 1s ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

These cells are distributed for research purposes only. 293 cells, their products, or
their derivatives may not be distributed to third parties.

efficacy testing [92587]
Roche FuGENE® Transfectigi&égél—ljfs)
viruscide testing [92579]

vitronectin, expressed
Yes

Amelogenin: X

CSF1PO: 11,12

D13S317: 12,14

D16S539: 9,13

D5S818: 8,9

D78820: 11,12

THO1: 793

TPOX: 11

vWA: 16,19

This is a hypotriploid human cell line. The modal chromosome number was 64,
occurring in 30% of cells. The rate of cells with higher ploidies was 4.2 %. The
der(1)t(1;15) (q42;q13), der(19)t(3;19) (q12;q13), der(12)t(8;12) (q22;p13), and
four other marker chromosomes were common to most cells. Five other markers
occurred in some cells only. The marker der(1) and M8 (or Xq+) were often
paired. There were four copies of N17 and N22. Noticeably in addition to three
copies of X chromosomes, there were paired Xq+, and a single Xp+ in most cells.

fetus

Although an earlier report suggested that the cells contained Adenovirus 5 DNA
from both the right and left ends of the viral genome [RF32764], it is now clear

The line is excellent for titrating human adenoviruses.

hitp://www.atcc.org/ATCCAdvanced CatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



Comments:

Propagation:

Subculturing;

Preservation:

Related Products:

rage 2010

The cells express an unusual cell surface receptor for vitronectin composed of the
integrin beta-1 subunit and the vitronectin receptor alpha-v subunit. [234006]

The Ad5 insert was cloned and sequenced, and it was determined that a colinear
seqment from nts 1 to 4344 is integrated into chromosome 19 (19q13.2). [39768]

ATCC complete growth medium: The base medium for this cefl line is ATCC-
formulated Eagle's Minimum Essential Medium, Catalog No. 30-2003. To make
the complete growth medium, add the following components to the base medium:
fetal bovine serum to a final concentration of 10%.

Atmosphere: air, 95%, carbon dioxide (CO2), 5%

Temperature: 37.0°C

The cell line does not adhere to the substrate when left at room temperature for
any length of time, therefore, live cultures may be received with the cells
detached. The cells will re-attach to the flask over a period of several days in
culture at 37C.

Protocol:

I. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3. Add2.0to 3.0 ml of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope until cell fayer is dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
flask while waiting for the cells to detach. Cells that are difficult to detach
may be placed at 37°C to facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently

pipetting,

Add appropriate aliquots of the cell suspension to new culture vessels.

6. Incubate cultures at 37°C.

L

Subcultivation Ratio: A subcultivation ratio of 1:2 to 1:4 is recommended
Medium Renewal: Every 2 to 3 days

Freeze medinm: Complete growth medium supplemented with 5% (v/v) DMSO
Storage temperature; liquid nitrogen vapor phase

Recommended medium (without the additional supplements or serum described
derivative: ATCC CRL-10852

derivative: ATCC CRL-12006

denivative; ATCC CRL-12007

derivative; ATCC €RL-12013

derivative; ATCC CRL-12479

derivative: ATCC CRL-2029

derivative: ATCC CRL-2368

purified DNA:ATCC CRL-1373D

21624 Xie QW, et al. Complementation analysis of mutants of nitric oxide
synthase reveals that the active site requires two hemes. Proc. Natl. Acad. Sci.
USA 93: 4891-4896, 1996. PubMed: 8643499

21631: Da Costa LT, et al. Converting cancer genes into killer genes. Proc. Natl.

hitp://www atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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Acad. Sci. USA 93: 4192-4196, 1996. PubMed:; 8633039

22282: Graham FL, et al. Characteristics of a human cell line transformed by
DNA from human adenovirus type 5, J. Gen. Virol. 36: 59-72, 1977, PubMed:
886304

22319: Graham FL, et al. Defective transforming capacity of adenovirus type 5
host-range mutants. Virology 86: 10-21, 1978. PubMed: 664220

22699: Harrison T, et al. Host-range mutants of adenovirus type 5 defective for

234006: Bodary SC, McLean JW. The integrin beta 1 subunit associates with the
vitronectin receptor alpha v subunit to form a novel vitronectin receptor in a
human embryonic kidney cell line. J. Biol. Chem, 265; 5938-5941, 1990,
27819: Goodrum FI), Ornelles DA. The early region 1B 55-kilodalton
oncoprotein of adenovirus relieves growth restrictions imposed on viral

28301 Loffler S, et al. CD?9, a tetraspan transmembrane protein, renders cells
susceptible to canine distemper virus. J. Virol. 71: 42-49, [997. PubMed:
8985321
32283: Hu SX, et al. Development of an adenovirus vector with tetracycline-
regulatable human tumor necrosis factor alpha gene expression. Cancer Res. 57:
3339-3343, 1997. PubMed: 9269991
32396: Kolanus W, et al. alphal.beta2 integrin/L FA-1 binding to ICAM-[ induced
by cytohesin-1 a cytoplasmic regulatory molecule. Cel] 86: 233-242, 1996.
PubMed: 8705128
32490: Stauderman KA, et al. Characterization of human recombinant neuronal
References: nicotinic acetylcholine receptor subunit combinations alpha 2 beta 4, alpha 3 beta
4 and aipha 4 beta 4 stably expressed in HEK293 cells. J. Pharmacol. Exp. Ther.
284: 777-789, 1998. PubMed; 9454827
32514: Bartz SR, et al. Human immunodeficiency virus type 1 cell cycle control:
Vpr is cytostatic and mediates G2 accumulation by a mechanism which differs
from DNA damage checkpoint control. J. Virol. 70: 2324-2331, 1996. PubMed:
32726: Sandri-Goldin RM, Hibbard MK. The herpes simplex virus type |
regulatory protein JICP27 coimmunoprecipitates with anti-sm antiserum, and the C
terminus appears to be required for this interaction. J. Virol. 70: 108-118, 1996.
PubMed: 8523514
32829: Ansieau S, et al. Tumor necrosis factor receptor-associated factor (TRAF)-
I, TRAF-2, and TRAF-3 interact in vive with the CD30 cytoplasmic domain;
TRAF-2 mediates CD30-induced nuclear factor kappa B activation. Proc. Nat],
32893: Zhang J, et al. Dynamin and beta-arrestin reveal distinct mechanisms for
(3 protein-coupled receptor internalization. J. Biol. Chem. 271; 18302-18303,
1996. PubMed: 8702465
32914: Oppermann M, et al. Monoclonal antibodies reveal receptor specificity
among G-protein-coupled receptor kinases. Proc. Natl, Acad. Sci. USA 93: 7649-
7654, 1996. PubMed: 8755530
32921: Xia Y, et al. Nitric oxide synthase generates superoxide and nitric oxide in
arginine-depleted cells leading to peroxynitrite-mediated cellular injury. Proc.
Natl. Acad. Sci. USA 93: 6770-6774, 1996, PubMed: 8692893
32925 Zhu X, et al. Cell cycle-dependent modulation of telomerase activity in
tumor celis, Proc. Natl, Acad. Sci. USA 93: 6091-6095, 1996. PubMed: 8650224
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32971: Uebele VN, et al. Functional differences in Kv1.5 currents expressed in
mammalian cell lines are due to the presence of endogenous Kvbeta2. | subunits.
J. Biol. Chem. 271; 2406-2412, 1996. PubMed: 8576199

33003: Abell A, et al. Deletions of portions of the extracellular loops of the
lutropin/choriogonadotropin receptor decrease the binding affinity for ovine
luteinizing hormone, but not human choriogonadotropin, by preventing the
formation of mature cell surface receptor. J. Biol. Chem. 271: 4518-4527, 1996.
PubMed: 8626807

33010: Tiberi M, et al. Differential regulation of dopamine D1A receptor
responsiveness by various G protein-coupled receptor kinases. J. Biol. Chem. 271
3771-3778, 1996. PubMed: 8631993

33022; Shahrestanifar M, et al. Studies on inhibition of mu and delta opioid
receptor binding by dithiothreitol and N-ethylmaleimide. His223 is critical for mu
opioid receptor binding and inactivation by N-ethylmaleimide. J. Biol. Chem,
271: 5505-5512, 1996. PubMed: 8621408

33035: Boring L, et al. Molecular cloning and functional expression of murine JE
{monocyte chemoattractant protein 1) and murine macrophage inflammatory
protein lalpha receptors. J. Biol. Chem. 271: 7551-7558, 1996. PubMed: 8631787
33036: Noonberg SB, et al. Evidence of post-transcriptional regulation of U6
small nuclear RNA . J. Biol. Chem. 271: 10477-10481, 1996. PubMed: 8631843
33050: Fox JC, Shanley JR. Antisense inhibition of basic fibroblast growth factor
induces apoptosis in vascular smooth muscle cells. J. Biol. Chem. 271: 12578-
12584, 1996. PubMed: 8647868

33056: Lee MJ, et al. The inducible G protein-coupled receptor edg-1 signals via
the Gi/mitogen-activated protein kinase pathway. J. Biol. Chem. 271: 11272~
11279, 1996. PubMed: 8626678

33123: Marchand P, et al. Cysteine mutations in the MAM domain result in
monomeric meprin and alter stability and activity of the proteinase. J. Biol. Chem.
271: 24236-24241, 1996. PubMed: 8798668

33137: Arai H, Charo JF, Differential regulation of G-protein-mediated signaling
by chemokine receptors. J. Biol. Chem. 271: 21814-21819, 1996. PubMed:
8702980 ,

33138: Huang Q, et al. Substrate recognition by tissue factor-factor Vila. I. Biol.
Chem. 271; 21752-21757, 1996. PubMed: 8702971

33157: Monteclaro FS, Charo IF. The amino-terminal extracellular domain of the
MCP-1 receptor, but not the RANTES/MIP-1alpha receptor, confers chemokine
33158: Keith DE, et al. Morphine acttvates opioid receptors without causing their
rapid internalization. J. Biol. Chem. 271: 19021-19024, 1996. PubMed: 8702370
39768: Louis N, et al. Cloning and sequencing of the cellular-viral junctions from
the human adenovirus type 5 transformed 293 cell line. Virology 233: 423-429,
61259: Shaw G, et al, Preferential transformation of human neuronal cells by
hurman adenoviruses and the origin of HEK 293 cells, FASEB J. 16: 869-871,
2002. PubMed: 11967234

92579: Standard Test Method for Determining the Virus-Eliminating
Effectiveness of Liquid Hygienic Handwash and Handrub Agents Using the
Fingerpads of Adult Volunteers. West Conshohocken, PA:ASTM

International; ASTM Standard Test Method E 1838-02.

92587: Standard Quantitative Disk Carrier Test Method for Determining the
Bactericidal, Virucidal, Fungicidal, Mycobactericidal and Sporicidal Activities of

htip://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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Liquid Chemical Germicides. West Conshohocken, PA:ASTM
International; ASTM Standard Test Method E 2197-02.

Return to Top
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Cell Biology

ATCC® Number:
Designations:
Biosafety Level:
Medium & Serum:

Organism:

Source;

Permits/Forms:

Applications:

Receptors:

Tumorigenic:

DNA Profile (STR):

Cytogenetic
Analysis:

Isoenzymes:

Page | of 3

HTB-26T™ Order this ltem Price: $256.00

MDA-MB-231 Depositors: R Cailleau

I Shipped: frozen

See Propagation Growth Properties: adherent
epithelial

Homo sapiens (human) Morphology: V"_'.-‘_“ E

i

Organ: mammary gland; breast

Disease: adenocarcinoma

Derived from metastatic site: pleural effusion
Cell Type: epithelial

may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

Related Cell Culture Products

transfection host (technology from amaxa
Roche FuGENE® Transfection Reagents)

epidermal growth factor (EGF), expressed
transforming growth factor alpha (TGF alpha), expressed

YES

Amelogenin: X

CSF1PO: 12,13

D13S317: 13

D16S539: 12

D5S818: 12

D78820: 8,9

THOL; 7,9.3

TPOX: 8,9

vWA: 15,18

The cell line is aneuploid female (modal number = 64, range = 52 to 68), with
chromosome counts in the near-triploid range. Normal chromosomes N8 and N15
were absent. Eleven stable rearranged marker chromosomes are noted as well as
unassignable chromosomes in addition to the majority of autosomes that are
trisomic. Many of the marker chromosomes are identical to those shown in the
karyotype reported by K.L. Satya-Prakash, et al.

AK-1, 1

ES-D, |

G6PD, B

GLO-L, 2

Me-2, 1-2

PGMI, 1-2

PGM3, |

http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



Age:
Gender:
Ethnicity:
Comments:

Propagation:

Subculturing:

Preservation:

Related Products:

Page 2 0 3

51 years adult

female

Caucasian

The cells express the WNT7B oncogene [PubMed: 8168088].

ATCC complete growth medium: The base medium for this cell line is ATCC-
formulated Leibovitz's L-15 Medium, Catalog No. 30-2008. To make the
complete growth medium, add the following components to the base medium:
fetal bovine serum to a final concentration of 10%.

Atmosphere: air, 100%

Temperature: 37.0°C

Protocol:

I. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3, Add 2.0 to 3.0 m! of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope until cell layer is dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
flask while waiting for the cells to detach. Cells that are difficult to detach
may be placed at 37°C to facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently
pipetting.

5. Add appropriate aliquots of the cell suspension to new culture vessels.

6. Incubate cultures at 37°C without COZ.

Subcultivation Ratio: A subcultivation ratio of 1:2 to 1:4 i1s recommended
Medium Renewal: 2 to 3 times per week

Freeze medium: Complete growth medium supplemented with 5% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase

purified DNA:ATCC 45519

purified DNA:ATCC HTB-26D

purified DNA:ATCC 45518

Recommended medium (without the additional supplements or serum described
purified RNA:ATCC HTB-26R

recommended serum: ATCC 30-2020

1206; Brinkley BR, et al. Variations in cell form and cytoskeleton in human
breast carcinoma cells in vitro. Cancer Res. 40; 3118-3129, 1980. PubMed:
7000337

22182: Cruciger Q, et al. Morphological, biochemical and chromosomal
characterization of breast tumor lines from pleural effusions. In Vitro 12: 331,
19706,

22429: Siciliano MJ, et al. Mutually exclusive genetic signatures of human breast
tumor cell lines with a common chromosomal marker. Cancer Res. 39: 919-922,
1979, PubMed: 427779

22532: Catlleau R, et al. Breast fumor cell lines from pleural effusions. J. Natl,
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Cancer Inst. 53: 661-674, 1974, PubMed: 4412247
22656: Cailleau R, et al, Long-term human breast carcinoma cell lines of
metastatic origin: preliminary characterization. In Vitro 14: 911-915, 1978,
PubMed: 730202
22977: Bates SE, et al. Expression of the transforming growth factor-
alpha/epidermal growth factor receptor pathway in normal human breast epithelial
cells. Endocrinology 126: 596-607, 1990. PubMed: 22940006
23010; Dickstein B, et al. Increased epidermal growth factor receptor in an
estrogen-responsive, adriamycin-resistant MCF-7 cell line. J. Cell. Physiol. 157:
23113: Huguet EL, et al. Differential expression of human Wnt genes 2, 3, 4, and
7B in human breast cell lines and normal and disease states of human breast
tissue. Cancer Res. 54; 2615-2621, 1994. PubMed: 8168088
26321: Satya-Prakash KL, et al. Cytogenetic analysis on eight human breast
tumor cell lines: high frequencies of 1q, 11q and HeLa-like marker chromosomes.
References: Cancer Genet. Cytogenet, 3; 61-73, 1981, PubMed: 7272986
32272: Katayose Y, et al. Promoting apoptosis: a novel activity associated with
the Cyclin-dependent kinase inhibitor p27. Cancer Res. 57: 5441-5445, 1997.
PubMed: 2407946 '
32275 Littlewood-Evans AJ, et al. The osteoclast-associated protease cathepsin
K is expressed in human breast carcinoma. Cancer Res. 57: 5386-5390, 1997.
PubMed: 9393764
32341: Sheng S, et al. Maspin acts at the cell membrane to inhibit invasion and
motility of mammary and prostatic cancer cells. Proc. Natl. Acad. Sci. USA 93:
11669-11674, 1996. PubMed: 8876194
32489: De Vincenzo R, et al. Antiproliferative activity of colchicine analogues on
MDR-positive and MDR-negative human cancer cell lines. Anticancer Drug Des.
33021: Soker S, et al. Characterization of novel vascular endothelial growth factor
(VEGF) receptors on tumor cells that bind VEGF 165 via its exon 7-endoded

Return to Top
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Cell Biology
ATCC® Number: HTB-129™ ‘Order this Item Price: $264.00
Designations: MDA-MB-4358 Related Links
Biosafety Level: 1 .
Shipped: frozen
Medium & Serum: See Propagation NCBI Entrez Search
ies: dh
Growth Properties adherent Cell Micrograph
Organism: Homo sapiens (human)
Morphology: spindle shaped Make a Deposit
Frequently Asked Questions
Material Transfer Agreement
Technical Support
Related Cell Culture Products
Source: Organ: previously described as: mammary gland; breast
Disease: previously described as ductal carcinoma
Derived from metastatic site: pleural effusion
Cellular Products: tubulin; actin
Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific
requirements for shipment to your location.
Isolation: Isolation date: 1976
Tumorigenic: No
DNA Profile (STR): Amelogenin: X
CSF1PO: 11
D138317: 12
D16S539: 13
D5S818: 12
D78820: 8,10
THO1: 6,7
TPOX: 8,11
vWA: 16,18
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Cytogenetic Analysis: modal number = 56; range = 55 to 62

The cell line is aneupleid human female (XX), with most chromosome
counts in the 56 to 60 range. Normal chromosomes N6, N11, and N22
were absent, while chremosomes N7, N13, N18 and N21 were single.
Most of the remainder of normal chromosomes were usually paired, but
chromosome N2 was triple, Nineteen marker chromosomes were
identified, with most of them formed from structural alterations of the
missing copies of the normal chromosomes. Six of these markers
involve regions of chromesome N7, while three are recognized as
derivatives of chromosome NB&. Regions of a third copy of the normal
and paired chromosomes N3, N15, N17, N20 are noted in markers M1,
M2, M15, and M5, respectively.

Iscenzymes: AK-1, 1
ES-D, 1
G6PD, B
GLO-I, 2
PGM1, 2
PGM3, 1
Age: 31 years adulf
Gender: female
Ethnicity: Caucasian
Comments: This cell line was originally described as a spindle shaped variant of

the parental MDA-MB-435 strain isolated in 1976 by R. Cailleau, et al.
from the pleural effusion of a 31 year old female with metastatic,
ductal adenocarcinoma of the breast. However, recent studies have
generated  questions about the origin of the parent cell ling,
MDA-MB-435, and by extension HTB-129. Gene expression analysis of
the cells produced microarrays in which MDA-MB-435 clustered with
cell lines of melanoma origin instead of breast [PubMed ID: 10700174,
PubMed ID: 15150101, PubMed ID: 15679052]. Additional studies have
since corroborated a melanocyte origin of MDA-MB-435, to whigh
ATCChas respondad by pursuing its own investigation into the identity
of this cell line. The cell line to which MDA-MB-435 is reported to
have been cross-contaminated with is the M14 melanoma line [PubMed
ID: 12354931 and PubMed ID: 17004 106].

Derivatives of HTB-129 with identities in guestion:

M4A4, ATCC® CRL-2914

M4Ad4 GFP, ATCC® CRL-2915

M4Ad LM3-2 GFP, ATCC® CRL-2918

M4Ad4 LM3-4 CL 16 GFP, ATCC® CRL-2917

NM2C5, ATCCE® CRL-2918

NM2CS GFP, ATCC® CRL-291¢

Propagation: ATCC complete growth medium: The base medium for this cell line
is ATCC-formulated Leibovitz's L-15 Medium, Catalog No. 30-2008. To
make the complete growth medium, add the following components to
the base medium:

+ 0.01mg/ml bovine insulin
+ 0.01mg/ml glutathione
+ fefal boving serum to & final concentration of 10%

Atmosphere: air, 100%
Temperature: 37.0°C

Subculturing: Protocol: Remove medium, add fresh 0.25%trypsin - 0.53 mM EDTA,
ringe and remove. Place flask at rcom temperature (or incubated at
37C) for approximately 10 minutes or until the cells detach. Add fresh
medium, aspirate and dispense into new flasks.

Subcultivation Ratio: A subcultivation ratio of 1:3 toc 1:6 is
recommended
Medium Renewal: 2 to 3 times per week

Preservation: Freeze medium: Cullure medium, 95%,; DMSQ, 5%
Storage temperature: liquid nitrogen vapor phase

Related Products: Recommended medium {without the additional supplemenis or serum
described under ATCC Medium):ATCC 30-2008
recommended serumATCC 30-2020
purified DNAATCC HTB-1280
purified RNA'ATCC HTB-129R

20f3 8/31/2010 1:02 PM
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References:

Notices and Disclaimers

ATCC preducts are intended for |zboratory research purposes only, unless noled otherwise. They are not intended for use in humans.
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1206: Brinkley BR, et al. Variations in cell form and cytoskeleton in
human breast carcinoma c¢ells in vitro. Cancer Res. 40: 3118-3129,
1980. PubMed: 7000337

2242¢: Siciliano MJ, et al. Mutually exclusive genetic signatures of
human breast tumor cell lines with a common chromosomal marker.
Cancer Res. 39: 819-922, 1979. PubMed: 427779

22656 Cailieau R, et al. Long-term human breast carcinoma cell lines
of metastatic origin: preliminary characterization. In Vitro 14 911-915,
1978. PubMed: 730202

32341: Sheng S, et al. Maspin acils at the cell membrane to inhibit
invasion and motility of mammary and prostatic cancer cells. Proc.
Natl. Acad. Sci. USA 93: 11669-11674, 1896. PubMed: 8876184
32925. Zhu X et al. Cell cycle-dependent modulation of telomerase
activity in tumor cells. Proc. Natl. Acad. Scii USA 93: 6091-6095, 1996,
PubMed: 8650224

49803: Ross DT, et al Systematic variation in gene expression
patterns in human cancer cell lines. Nature Genetics 24: 227-235,
20090. PubMed: 10700174

88918 Ellison G, et al. Further evidence to support the melanocytic
origin of MDA-MB-435. Mol Pathol. 55: 294-209, 2002. PubMed:
12354931

90826: Sellappan s, et al. Lineage infidelity of MDA-MB-435 cells:
axpression of melanceyte proteins in a breast cancer cell line. Cancer
Res. 64: 3479-3485, 2004. PubMed; 15150101

90828: Rac JM, et al. Coemmen origing of MDA-MB-435 cells from
various sources with those shown to have melancma properties. Clin.
Exp. Metastasis 21: 543-552, 2004. PubMed: 15673052

18173093: Ras JM, et al., MDA-MB-435 cells are derived from M14
Melanoma cells - & loss for breast cancer, but a boon for melanoma
research. Breast Cancer Res. Treat 104:13-19, 2007. PubMed:
170041086,

18173545: Chambers AF. MDA-MB-435 and M14 cell lines: identical
but not M14 melanoma? Cancer Res. 69(13). 5292-5293, 2009.
PubMed: 49886.
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Cell Biology
ATCC® Number:

Designations:

Biosafety Level:
Medium & Serum:

Organism:

Source:

Permits/Forms:

Page 1 of 5

CRL-10317™

Order this Item Price: $264.00
MCEF 10A Depositors: é\giﬂg agtEil(I;[ ](,ancer
l Shipped: frozen
See Propagation Growth Properties: adherent
epithelial

Homo sapiens (human) Maorphology:

Organ: mammary gland; breast

Disease: fibrocystic disease

Cell Type: epithelial

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing

here for information regarding the specific requirements for shipment to your
location.

This material is cited in a U.S. and/or other Patent or Patent Application, and may not be used to
infringe on the patent claims. ATCC is required to inform the Patent Depositor of the party to which the
material was furnished.

Isolation:
Applications:
Tumorigenic:

DNA Profile (STR):

Isoenzymes:

Age:
Gender:
Ethnicity:

Related Cell Culture Products

Isolation date: August 22, 1984
transfection host (Roche FuGENE® Transfection Reagents)
No

Amelogenin: X
CSF1PO: 10,12
D13S317: 8,9
D168539: 11,12
D5S818: 10,13
D75820: 10,11
THO1: 8,9.3
TPOX: 9,11

vWA: 15,17

AK-1, [ [23084]
ES-D, 1[23084]
G6PD, B [23084]
GLO-I, 1-2 [23084]
PGMI, 1-2 [23084]

30 years
female
Caucasian

The MCF 10A cell line is a non-tumorigenic epithelial cell line. [21968]
The line was produced by long term culture in serum free medium with low Cat++

http://www.atcc.org/ATCC AdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



Comments:

Propagation:

Subculturing:

Preservation:

Related Products:

References:

Page 2 of 3

concentration, [21968]

MCF 10A was derived from adherent cells in the population. [21968]

Cells derived from a floating population are available (see MCF 10F, ATCC
CRL-10318). [21908]

The cells are positive for epithelial sialomucins, cytokeratins and milk fat globule
antigen. [21968]

They exhibit three dimensional growth in collagen, and form domes in confluent
Thus far, the cells have shown no signs of terminal differentiation or senescence.
The line is responsive to insulin, glucocorticoids, cholera endotoxin, and

By electron microscopy the cells display characteristics of luminal ductal cells but
not of myoepithelial cells. [23085]

They also express breast specific antigens as detected by positive reaction with
The calcium content of the medium exerts a strong effect on the morphology of
the cells. [22248]

ATCC complete growth medium: The base medium for this cell line is MEBM,
which 15 supplied as part of the MEGM Bullet Kit available from Clonetics
Corporation, Catalog No. CC-3150. To make the complete growth medium, add
the following components to the base medium: All MEGM SingleQuot additives
that are supplied with the kit except the GA-1000 (BPE 13 mg/ml, 2 ml,
hydrocortisone 0.5 mg/ml, 0.5 mi; hEGF 10 ug/ml, 0.5 ml; insulin 5 mg/ml, 0.5
ml); 100 ng/ml cholera toxin (sold separately).

Temperature: 37.0°C

Protocol: Remove medium and rinse monolayer with PBS (ATCC Cat# 30-
2200).Add 3.0 m! 0.05% trypsin, 0.53 mM EDTA and incubate at 37C for 15
minutes. To neutralize trypsin, add 3 ml solution of 0.1% soybean trypsin
inhibitor.Centrifuge cell suspension at 125 xg for 5 to 10 minutes.Resuspend cell
pellet in complete culture medium. Add appropriate aliquots of cell suspension to
new culture vessels.

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:4 is recommended
Medium Renewal: Every 2 to 3 days

Freeze medium: Complete growth medium supplemented with 7.5% (v/v)
bMSO

Storage temperature; liquid nitrogen vapor phase

derived from same individuall ATCC CRL-10318

denved from same individual ATCC CR1.-10780

derived from same individual: ATCC CRL-1078]

21968: Soule H, McGrath CM. Immortal human mammary epithelial cell lines.
US Patent 5,026,637 dated Jun 25 1991

22025: Pautey RJ, et al. Immortal human mammary epithelial cell sublines. US
Patent 5,206,165 dated Apr 27 1993

22248: Soule HD, McGrath CM. A simplified method for passage and long-term
growth of human mammary epithelial cells. In Vitro Cell, Dev, Biol. 22: 6-12,
1986. PubMed: 2418007

23084: Soule HD, et al. Isolation and characterization of a spontaneously
immortalized human breast epithelial cell line, MCF-10. Cancer Res. 50: 6075-
6086, 1990. PubMed: 1975513
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23085: Tait L, et al. Ultrastructural and immunocytochemical characterization of
an immortalized human breast epithelial cell line, MCF-10. Cancer Res. 50: 6087-
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hitp:/fwww.atce.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



Cell Biology

ATCC® Number:

Designations:
Biosafety Level:

Medium & Serum:

Organism:

Source:

Permits/Forms:

Applications:

Tumorigenic:
Antigen Expression:

DNA Profile (STR):

Cytogenetic
Analysis:

Age:

Gender:
Ethnicity:

Comments:

Fage 10l 2

CRL-1435™

Order this Item Price: $256.00
PC-3 Depositors: ME Kaighn
l Shipped: frozen
adherent (The cells form clusters
g I Growth : . i
See Propagation - in soft agar and can be adapted to
Properties: h .
suspension growth)
epithelial
Homo sapiens (human) Morphology: i, ]

Organ: prostate

Tumor Stage: grade IV

Disease: adenocarcinoma

Derived from metastatic site: bone

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location,

Related Cell Culture Products

transfection host (technology from amaxa
Roche FuGENE® Transfection Reagents)
YES

HLA Al, A9

Amelogenin: X

CSF1PO: 11

DI3S317: 11

D16S539: 11

D5S818: 13

D75820: 8,11

THO1: 6,7

TPOX: 8.9

VWA: 17

The line is near-triploid with a modal number of 62 chromosomes. There are
nearly 20 marker chromosomes commonly found in each cell; and normal N2,
N3, N4, N5, N12, and N5 are not found. No normal Y chromosomes could be
detected by Q-band analysis.

62 years adult

male

Caucasian

The PC-3 was initiated from a bone metastasis of a grade IV prostatic
adenocarcinoma from a 62-year-old male Caucasian. [22363]

The cells exhibit low acid phosphatase and testosterone-5-alpha reductase
activities,

http:/fwww.atce.org/ATCCAdvan cedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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ATCC complete growth medium: The base medium for this cell line is ATCC-
formutated F-12K Medium, Catalog No. 30-2004. To make the complete growth
medium, add the following components to the base medium: fetal bovine serum to
a final concentration of 10%,

Atmosphere: air, 95%,; carbon dioxide (CO2), 5%

Temperature: 37.0°C

Protocol:

Propagation:

1. Remove and discard culture medium. .

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serwn that contains trypsin inhibitor.

3. Add 2.0t0 3.0 ml of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope untif cell layer 15 dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
Subculturing: flask while waiting for the cells to detach. Cells that are difficult to detach
may be placed at 37°C to facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently
pipetting.

5. Add appropriate aliquots of the cell suspension to new culture vessels.

6. Incubate cultures at 37°C,

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:6 is recommended
Medium Renewal: 2 to 3 times per week
Freeze medium: Complete growth medium supplemented with 5% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase
Recommended medium (without the additional supplements or serum described
Related Products:  under ATCC Medium):ATCC 30-2004

recommended serum: ATCC 30-2020

Preservation:

22363: Kaighn ME, et al. Establishment and characterization of a human prostatic
carcinoma cell line (PC-3). Invest. Urol. 17: 16-23, 1979, PubMed: 447482
22470: Chen TR. Chromosome identity of human prostate cancer cell lines, PC-3
and PPC-1. Cytogenet. Cell Genet. 62: 183-184, 1993, PubMed.: 8428522
26302 Ohnuki Y, et al. Chromosomal analysis of human prostatic
adenocarcinoma cell lines. Cancer Res. 40; 524-534, 1980, PubMed: 7471073
32341: Sheng S, et al. Maspin acts at the cell membrane to inhibit invasion and
motility of mammary and prostatic cancer cells, Proc. Natl. Acad. Sci. USA 93;
References: 32344: Umekita Y, et al. Human prostate tumor growth in athymic mice:
inhibition by androgens and stimulation by finasteride. Proc. Natl. Acad. Sci.
32460: Carter RE, et al. Prostate-specific membrane antigen is a hydrolase with
substrate and pharmacologic characteristics of a neuropeptidase. Proc. Natl. Acad.
Sci. USA 93: 749-753, 1996. PubMed: 8570028
32486: Nupponen NN, et al. Genetic alterations in prostate cancer cell lines
detected by comparative genomic hybridization. Cancer Genet. Cytogenet. 101:
53-57, 1998. PubMed: 9460501
32488: Geiger T, et al. Antitumor activity of a PKC-alpha antisense

http://www . atce.org/ ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



oligonucleotide in combination with standard chemotherapeutic agents against
various human tumors transplanted into nude mice. Anticancer Drug Des. 13: 35-
45 1998. PubMed: 9474241

32916: Su ZZ, et al. Surface-epitope masking and expression cloning identifies
the human prostate carcinoma tumor antigen gene PCTA-1 a member of the
galectin gene family. Proc. Natl. Acad. Sct. USA 93: 7252-7257, 1996. PubMed:
8692978
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Cell Biology

ATCC® Number;
Designations:
Biosafety Level:
Medium & Serum:

Organism:

Source:

Permits/Forms:

Tumorigenic:

DNA Profile (STR):

Cytogenetic
Analysis:
Age:
Gender:
Ethnicity:

Comments:

Propagation:

Page 1 of 2

CRL-2221™ Order this Item Price: $338.00
PZ-HPV-7 Depositors: DM Peehl
2 [CELLS CONTAIN PAPOVAVIRUS | Shipped: frozen

See Propagation Growth Properties:  adherent
Homo sapiens (human) Morphology: Spithelial

Organ: prostate

Tissue: epithelium

Cell Type: human papillomavirus 18 (HPV-18) transformed

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

Related Cell Culture Products

NO

Amelogenin: X,Y

CSFIPO: 11,12

D13S317: 12,14

D16S539: 11,12

D5S818: 9,13

D7S820: 9

THO1: 7,9

TPOX: 8,11

vWA: 17

at low passages maintained the diploid karyotype of the normal parental cells but
by passage 99 the karyotype had changed to near-triploid.

70 years adult

male

Caucasian

PZ-HPV-7 was derived from epithelial cells cultured from normal tissue from the
peripheral zone of the prostate.

The cells were transformed by transfection with HPV18 DNA.

Incorporation of HPV 18 DNA was confirmed by polymerase chain reaction.
Specific amplification of a 160-base pair fragment of the HPV 18 E6 transforming
region was noted.

Immunocytochemical analysis showed expression of keratins 5 and 8 and also the
early region 6 (E6) oncoprotein of HPV.

The cells are negative for prostate specific antigen (PSA).

ATCC complete growth medium: The base medium for this cell line is provided
by Invitrogen (GIBCO) as part of a kit: Keratinocyte Serum Free Medium (K-
SEM), Kit Catalog Number 17005-042. This kit is supplied with each of the two
additives required to grow this cell line (bovine pituitary extract (BPE) and human
recombinant epidermal growth factor (EGF). To make the complete growth

http://iwww.atcc.org/ATCC Advanced CatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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medium, you will need to add the following components to the base medium:

¢ 0.05 mg/ml BPE - provided with the K-SFM kit

e 5ng/ml EGF - provided with the K-SFM kit. NOTE: Do not filter complete

medium.

Temperature: 37.0°C

Protocol: Remove spent medium, add fresh 0.25% trypsin, 0.53 mM EDTA

solution; let the culture set incubate at 37C for two minutes. Neutralize the trypsin

with 0.1% soybean trypsin inhibitor, and gently dislodge the cells by agitating or
Subculturing: tapping the flask. Centrifuge the cell suspension at 1000 rpm for 10 minutes,

resuspend the pellet in fresh medium, aspirate and dispense into new flasks.

Subcultivation Ratio: A subcultivation ratio of 1:3 is recommended

Medium Renewal: Every 2 to 3 days

Freeze medium: Complete growth medium, 85%; fetal bovine serum, 10%;
Preservation: DMSO, 5%

Storage temperature: liquid nitrogen vapor temperature
Related Products:  purtfied DNA:ATCC CRL-2221D

23116: Weijerman PC, et al. Lipofection-mediated immortalization of human
References: prostatic ep_ithelial cells of normal and malignant origin using human

' papillomavirus type 18 DNA. Cancer Res. 54: 5579-5583, 1994, PubMed:
7923200
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Cell Biology

ATCC® Number:
Designations:

Medium & Serum:

Organism:

Source:

Cellular Products:

Permits/Forms:

Applications:
Tumorigenic:

DNA Profile (STR):

Cytogenetic
Analysis:

Isoenzymes:

Comments;

rage 1 ol 2

HTRB-36™ Order this Item Price: $268.00
JEG-3 Depositors: G Kohler
1 Shipped: frozen
See Propagation Growth Properties: adherent

epithelial

Homo sapiens (human) Morphology:

Organ: placenta

Disease: choriocarcinoma

human chorionic gonadotropin (hCG), human chorionic

somatomammotropin (placental lactogen); progesterone

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

Related Cell Culture Products
transfection host (Roche FuGENE® Transfection Reagents)
YES

Amelogenin: X,Y

CSF1PO: 11,12

D13S317: 9,11

D16S539: 13,14

D5S818: 10,11

D75820: 10,12

THO!: 9,9.3

TPOX: 8

vWA: 16

This is a hypertriploid human cell line. The modal chromosome number is 71,
occurring at 34%, and polyploidy at 2.6%. The t(4;11)(p15;q13), i(13q), t
(10p15q), del(18)(q21), and 6 other markers are common to most cells, and two
other markers are found in some. Giant satellites are seen in one N14, and two
N22. N2, N5, and N9 have 4 copies, and N7, N13, N18, N21 and X a single copy.
A single Y chromosome is detected by Q-band examination.

AK-1, 1

ES-D, |

G6PD, B

GLO-I, 1-2

PGM], |

PGM3, 1-2

This is one of six clonally derived lines isolated from the Woods strain of the
Erwin-Turner tumor by Kohler and associates.

The cells are able to transform steroid precursors to estrone and estradiol

ATCC complete growth medium: The base medium for this cell line is ATCC-

http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabi.d/45 2/Default.asp... 07/01/2009



Propagation:

Subculturing:

Preservation:

Related Products:

References:

Page 2 of 2

formulated Eagle's Minimum Essential Medium, Catalog No. 30-2003. To make
the complete growth medium, add the following components to the base medium:
fetal bovine serum to a final concentration of 10%.

Temperature: 37.0°C

Subcultivation Ratio: A subcultivation ratio of 1:4 to 1:6 is recommended
Medium Renewal: 2 to 3 times per week

Remove medium, and rinse with 0.25% trypsin, 0.03% EDTA solution. Remove
the solution and add an additional 1 to 2 ml of trypsin-EDTA solution. Allow the
flask to sit at room temperature (or at 37C) until the cells detach.

Add fresh culture medium, aspirate and dispense into new culture flasks.

Freeze medium: Culture medium, 95%; DMSO, 5%

Storage temperature: liquid nitrogen vapor phase

Recommended medium (without the additional supplements or serum described
under ATCC Medium)}: ATCC 30-2003

recommended serum: ATCC 30-2020

22536: Fogh J, et al. Absence of HeLa cell contamination in 169 cell lines derived
from human tumors. J. Natl. Cancer Inst. 58; 209-214, 1977. PubMed: 833871
22539: Fogh J, et al. One hundred and twenty-seven cultured human tumor cell
fines producing tumors in nude mice. J. Natl. Cancer Inst. 59: 221-226, 1977.
PubMed: 327080

23377 .. Acta Endocrinol. Suppl. 153: 137-153, 1971.

32288 Landers JE, et al. Translational enhancement of mdm2 oncogene
expression in human tumor cells containing a stabilized wild-type p53 protein.
Cancer Res. 57: 3562-3568, 1997, PubMed:; 9270029 ,
32564: Roesler WJ, et al. The alpha-isoform of the CCAAT/enhancer-binding
protein is required for mediating cAMP responsiveness of the
phosphoenolpyruvate carboxykinase promoter in hepatoma cells. J. Biol. Chem.
271: 8068-8074, 1996, PubMed: 8026491

58051: Kohler PO, Bridson WE. Isolation of hormone-producing clonal lines of
human choriocarcinoma. J. Clin. Endocrinol. 32: 683-687, 1971,

Return to Top
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GripTite™ 293 MSR Cell Line

SKU# R795-07

Description: .
The GripTite™ 293 MSR Cell Line is a genetically engineered Human Embryoenic Kidney (HEK 293) cell line that
expresses the human macrophage scavenger receptor and strongly adheres to standard tissue culture plates tor
dependable results. Developed from a 293-H subclone, GripTite™ 293 MSR cells show the same fast cell growth, high
transfection efficiency, and high-level expression characteristics of the parental 293-H cells. Unlike most 293 cells,
GripTite® 293 MSR cells dont wash away during the repeated manipulations of routine tissue culture or plate washing .
protocols (Figure 1). Their superior adherence enables reliable reproduction of ligand-binding, enzymatic, or Qty: Price
immunotluorescence assay resulls. LA I(CAE?
G4
Use in High-Throughput Applications Unit/Size
The GripTite™ 253 MSR cells enhance performance in high-throughput cell-based, as well as standard tissue culture, 1 kit
applications. Uncontrolled cell loss during high-throughput protocols leads to unreliable results and expensive, time-
consuming repeat experiments. Since GripTite™ 293 MSR cells adhere to standard tissue culture treated plastic, theres
no need for the costly poly-lysine coated plates typically used in high-throughput analysis. The GripTite™ 293 MSR
cells withstand automated plate washing and protocols using liguid handling robots on standard tissue culture plates
without signiticant cell loss (Figure 2).
Contents and Storage:
The GripTite™ 293 MSR Cell Line is provided as two tubes ol a frozen stock of 3 x 100 cells, each in | ml of 90%
complete media and 10% DMSO. Store in liquid nitrogen. Liquid Geneticin® Selective Antibiotic (20 ml) is supplied as
a 50 mg/ml solution. Store at -20°C or 2°C 1o 8°C. Versene (100 ml) contains 0.2 g/I. EDTA 4Na in phosphate-buffered
saline. 1X concentration is 0.2 g/L=0.53 mM. Store at 2°C to 8°C. Guaranteed stable for 6 months when properly stored.

Availability

Add to Favorites

e Manuals & Documents
o Specifications

» Images and Data

Copyright © 2008 Invitrogen Corporation. All rights reserved,
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Cell Biology

ATCC® Number;
Designations:
Biosafety Level:

Medium & Serum:

Organism:

Source:

Cellular Products:

Permits/Forms;

Tumorigenic:

Propagation:

Subculturing;

Preservation:

Ldgb 1 UL &

CRIL-1674™ Order this Item Price: $£417.00
ARIP Depositors: NW Jessop, RJ Hay
| Shipped: frozen
See Propagation Growth Properties:  adherent
epithelial

Rattus norvegicus (rat) Morphology:

Organ: pancreas

Strain: Wistar

Tissue: exocrine

Disease: pancreatic tumor

exocrine enzymes (low levels)

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing

here for information regarding the specific requirements for shipment to your
location.
Related Cell Culture Products

No

ATCC complete growth medium: The base medium for this cell line is ATCC-
formulated F-12K Medium, Catalog No. 30-2004. To make the complete growth
medium, add the following components to the base medium: fetal bovine serum to
a final concentration of 10%.

Atmosphere: air, 95%; carbon dioxide (COZ2), 5%

Temperature: 37.0°C

Protocol:

Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope until cell layer is dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
flask while waiting for the cells to detach. Cells that are difficult to detach
may be placed at 37°C to facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently

pipetting.

Add appropriate aliquots of the cell suspension to new culture vessels.

6. Incubate cultures at 37°C.

—

N

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:6 is recommended
Medium Renewal: Every 2 to 3 days

Freeze medium: Complete growth medium supplemented with 5% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase

http://www.atce.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009



oL £

age

Recommended medium (without the additional supplements or serum described
Related Products:  under ATCC Medium): ATCC 30-2004

recommended serum:ATCC 30-2020

22185: Jessop NW, Hay RJ. Characteristics of two rat pancreatic exocrine cell

lines dertved from transplantable tumors. In Vitro 16: 212, 1980.

22884: Cockell M, et al. Identification of a cell-specific DNA-binding activity

that interacts with a transcriptional activator of genes expressed in the acinar

pancreas. Mol. Cell. Biol. 9: 2464-2476, 1989, PubMed: 2788241

22978: Roux E, et al. The cell-specific transcription factor PTF1 contains two
References: different subunits that interact with the DNA. Genes Dev. 3: 1613-1624, 1989.

PubMed: 2612907

51602; Hut H, et al. Glucagon-like peptide 1 induces differentiation of islet

duodenal homeobox-1-positive pancreatic ductal cells into insulin-secreting cells.

Diabetes 50: 785-796, 2001, PubMed: 11289043

90276: Silver K, Yao F. ARIP celis as a model for pancreatic beta cell growth and

development. Pancreas 22: 141-147, 2001, PubMed: 11249068

Return to Top
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Cell Biology

ATCC® Number:
Designations:
Biosafety Level:

Medium & Serum:

Organism:

Source:

Cellular Products;

Permits/Forms;

Applications:

Receptors:

Tumorigenic:

Comments:

Propagation:

Page 1 of 3

CRIL.-1492™ Order this Item Price: $268.00
AR42] Depositors: NW Jessop
1 Shipped: frozen

See Propagation Growth Properties:  adherent

epithelial

Rattus norvegicus (rat) Morphology:

Organ: pancreas
Strain: Wistar
Tissue: exocrine
Disease: tumor

amylase and other exocrine enzymes [22185]
In addition to the MTA mentioned above, other ATCC and/or regulatory permits

may be required for the transfer of this ATCC material, Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your

location.

Related Cell Culture Products
transfection host(Roche FuGENE® Transfection Reagents)

insulin, expressed

glucocorticoid, expressed

Yes

Secretory activity is inducible by glucocorticoid stimulation, and is accompanied
by extensive re-organization of the endoplasmic reticulum.

ATCC complete growth medium: The base medium for this cell line is ATCC-
formulated F-12K Medium, Catalog No. 30-2004. To make the complete growth
medium, add the following components to the base medium: fetal bovine serum to
a final concentration of 20% .

Atmosphere: air, 95%; carbon dioxide (CO2), 5%

Temperature: 37.0°C

Growth Conditions: The cells cells grow slowly, in clusters. They tend to pile up
and appear refractile.

Protocol: Monolayer never becomes confluent. Subculture when patches of cells
start forming "domes".

I. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope until cell layer is dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
flask while waiting for the cells to detach. Cells that are difficult to detach
may be placed at 37°C to facilitate dispersal.

http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently
pipetting.

5. To remove trypsin-EDTA solution, transfer cell suspension to centrifuge
tube and spin at approximately 125 xg for 5 to 10 minutes.Discard
supernatant and resuspend cells in fresh growth medium. Add appropriate

Subculturing: aliquots of cell suspension to new culture vessels.
= 6. Incubate cuitures at 37°C.

Subcultivation Ratio: A subcultivation ratio of 1°3 to 1:4 is recommended
Medium Renewal: Every 3 to 4 days. May need to only add media initially, do
not fluid change until cells attach well.

Freeze medium: Complete growth medium supplemented with an additional 30%
Preservation: (v/v) fetal bovine serum and 10% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase

Recommended medium (without the additional supplements or serum described
Related Products:  under ATCC Medium):ATCC 30-2004

recommended serum: ATCC 30-2020

22185: Jessop NW, Hay RJ. Characteristics of two rat pancreatic exocrine cell
lines derived from transplantable tumors, In Vitro 16: 212, 1980.

22384: Longnecker DS, et al. Transplantation of azaserine-induced carcinomas of
pancreas in rats. Cancer Lett. 7. 197-202, 1979. PubMed: 509403

22884 Cockell M, et al. Identification of a cell-specific DNA-binding activity
that interacts with a franscriptional activator of genes expressed in the acinar
pancreas. Mol. Cell. Biol. 9: 2464-2476, 1989. PubMed: 2788241

22978: Roux E, et al. The cell-specific transcription factor PTF1 contains two
different subunits that interact with the DNA. Genes Dev. 3: 1613-1624, 1989,
PubMed: 2612907

23083: Seva C, et al. Lorglumide and loxiglumide inhibit gastrin-stimulated DNA
synthesis in a rat tumoral acinar pancreatic cell line (AR42]). Cancer Res. 50:
5829-5833, 1990. PubMed: 2393852

23152: Rajasekaran AK, et al. Structural reorganization of the rough endoplasmic
reticulum without size expansion accounts for dexamethasone-induced secretory
23222: Longnecker DS, et al. Effect of age on nodule induction by azaserine and
DNNA synthesis in rat pancreas. J. Natl. Cancer Inst. 58: 1769-1775, 1977.
PubMed: 864754

23408: Huang Y, Hui DY. Cholesterol esterase biosynthesis in rat pancreatic
ARA42]J cells. Post- transcriptional activation by gastric hormones. J. Biol. Chem.
266: 6720-6725, 1991. PubMed: 2016288

23412: Menniti FS, et al. Turnover of inositol polyphosphate pyrophosphates in
pancreatoma cells, . Biol. Chem. 268: 3850-3856, 1993, PubMed: 8382679
23421: Logsdon CD, et al. Glucocorticoids increase amylase mRNA levels,
secrefory organelles, and secretion in pancreatic acinar AR42J cells. J. Cell Biol.
100: 1200-1208, 1985, PubMed; 2579957

23552: Zhao H, et al. Regulation of intracellular Ca2+ oscillation in AR427T cells.
J. Biol. Chem. 265: 20856-20862, 1990. PubMed: 1701171

23554: Zhao H, Muallem S. Inhibition of inositol 1,4,5-trisphosphate-mediated
Ca2+ release by CaZ+ in cells from peripheral tissues. J. Biol. Chem. 265: 21419-

References:
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23556: lhara H, Nakanishi S. Selective inhibition of expression of the substance P
receptor mRINA in pancreatic acinar AR427 cells by glucocorticoids. J. Biol.
48308: Adell T, et al. Role of the basic heli;(_-ﬂ)?)p-helix transcription factor p48 in
the differentiation phenotype of exocrine pancreas cancer cells. Cell Growth
Differ. 11: 137-147, 2000, PubMed; 10768861

48309: Seva C, et al. Growth-promoting effects of glycine-extended progastrin.
48311: Negre F, et al. Autocrine stimulation of AR4-2J rat pancreatic tumor cell
growth by glycine-extended gastrin. Int. J. Cancer 66: 653-658, 1996, PubMed:
8647628

48312: Bertrand V, et al. Inhibition of gastrin-induced proliferation of AR4-2J
cells by calcium channel antagonists. Int. J. Cancer 56: 427-432, 1994. PubMed:
57433: Mashima H, et al. Betacellulin and activin A coordinately convert
amylase-secreting pancreatic AR42J cells into insulin-secreting cells. J. Clin,
Invest. 97: 1647-1654, 1996, PubMed: 8601630

57434 Palgi J, et al. Transcription factor expression and hormone production in
pancreatic AR42J cells. Mol. Cell. Endocrinol. 165; 41-49, 2000. PubMed:
10940482

90275: Mashima H, et al. Formation of insulin-producing cells from pancreatic
acinar AR42J cells by hepatocyte growth factor. Endocrinology 137: 3969-3976,
1993, PubMed: 8756573

90276: Silver K, Yao F. ARIP cells as a model for pancreatic beta cell growth and
development. Pancreas 22: 141-147, 2001, PubMed: 11249068 ‘

Return to Top
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Cell Biology

ATCC® Number:
Designations:

Biosafety Level:

Medium & Serum:

Organism;

Source:

Cellular Products:

Permits/Forms:

Applications:

Virus Susceptibility:

Comments:

Propagation:

Subculturing:

Page | of 3

CRL-165]1™ Order this Item Price: $264.00
COS-7 Depositors: Y Gluzman
2 [Cells Contain SV-40 viral DNA Shipped: oot
sequences]
See Propagation Growth Properties: adherent

' fibroblast
Cercopithecus aethiops Morphology: o 4

Organ: kidney

Cell Type: SV40 transformed

T antigen

In addition to the MTA mentioned above, other ATCC and/or regulatory permits
may be required for the transfer of this ATCC material. Anyone purchasing
ATCC material is ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for shipment to your
location.

Related Cell Culture Products

transfection host(technology from amaxa

Roche FuGENE® Transfection Reagents)

SV40 (lytic growth); SV40 tsA209 at 40C; SV40 mutants with deletions in the
early region

This 1s an African green monkey kidney fibroblast-like cell line suitable for
transfection by vectors requiring expression of SV40 T antigen. This line contains
T antigen, retains complete permissiveness for lytic growth of SV40, supports the
replication of ts A209 virus at 40C, and supports the replication of pure
populations of SV40 mutants with deletions in the early region.The line was
derived from the CV-1 cell line (ATCC ® CCL-707) by transformation with an
origin defective mutant of SV40 which codes for wild type T antigen.

ATCC complete growth medium: The base medium for this cell line is ATCC-
formulated Dulbecco's Modified Eagle's Medium, Catalog No. 30-2002. To make
the complete growth medium, add the following components to the base medium:
fetal bovine serum to a final concentration of 10%.

Atmosphere: air, 95%; carbon dioxide (CO2), 5%

Temperature: 37.0°C

Protocol:

1. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells
under an inverted microscope until cell layer is dispersed (usually within 5
to 15 minutes).

Note: To avoid clumping do not agitate the cells by hitting or shaking the
flask while waiting for the cells to detach. Cells that are difficult to detach

http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid/452/Default.asp... 07/01/2009
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may be placed at 37°C to facilitate dispersal.
4. Add 6.0 10 8.0 ml of complete growth medium and aspirate cells by gently
pipetting.
Add appropriate aliquots of the cell suspension to new culture vessels.
6. Incubate cultures at 37°C.

A

Subcultivation Ratio: A subcultivation ratio of 1:4 to 1:8 is
recommended
Medium Renewal: 2 to 3 times per week
Freeze medium: Complete growth medium supplemented with 5% (viv) DMSO
Storage temperature: liquid nitrogen vapor phase
parental cell line: ATCC CCL-70
0.25% (w/v) Trypsin - 0.53 mM EDTA in Hank' BSS (w/o Ca++, Mg++):ATCC
30-2101
Related Products:  Cell culture tested DMSO:ATCC 4-X
Recommended medium (without the additional supplements or serum described
under ATCC Medium):ATCC 30-2002

1822: Gluzman Y. SV40-transformed simian cells support the replication of early
SV40 mutants. Cell 23; 175-182, 1981. PubMed: 6260373

32447 Fernandez LM, Puett D. Lys583 in the third extracellular loop of the
lutropin/choriogonadotropin receptor is critical for signaling. J. Biol, Chem. 271:

Preservation;

32459: Maestrini E, et al. A family of transmembrane proteins with homology to
the MET-hepatocyte growth factor receptor. Proc. Natl. Acad. Sci. USA 93: 674-
32500: Campbell M, et al. The simian foamy virus type 1 transcriptional
transactivator (Tas) binds and activates an enhancer element in the gag gene. J.
Virol. 70: 6847-6855, 1996. PubMed: 8794326

32502: Gonzalez Armas JC, et al. DNA immunization confers protection against
murine cytomegalovirus infection. J. Virol. 70: 7921-7928, 1996. PubMed:
8802915

32547: Jang SI, et al. Activator protein 1 activity is involved in the regulation of
the cell type-specific expression from the proximal promoter of the human
profilaggrin gene. J. Biol. Chem. 271: 24105-24114, 1996. PubMed: 8798649
32566: Dittrich E, et al. A di-leucine motif and an upstream serine in the
interleukin-6 (IL.-6) signal transducer gp130 mediate ligand-induced endocytosis
and down-regulation of the IL-6 receptor. J, Biol. Chem. 271: 5487-5494, 1996.

References;

32568: Lee JH, et al. The proximal promoter of the human transglutaminase 3
gene. J. Biol. Chem. 271: 4561-4568, 1996, PubMed: 8626812
32720: Chen Y, et al. Demonstration of binding of dengue virus envelope protein
to target cells. J. Virol. 70: 8765-8772, 1996. PubMed; 8971005

32728: Russell DW, Miller AD. Foamy virus vectors. J. Virol. 70: 217-222, 1996.
PubMed: 8523528

32861: Wright DA, et al. Association of human fas (CD95) with a ubiquitin-
conjugating enzyme (UBC-FAP). I. Biol. Chem, 49: 31037-31043, 1996.
PubMed: 8940097

32893: Zhang J, et al. Dynamin and beta-arrestin reveal distinct mechanisms for G
protein-coupled receptor internalization. J. Biol. Chem. 271: 18302-18305, 1996
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PubMed: 8702465

33011: Ozcelebi F, et al. Phosphorylation of cholecystokinin receptors expressed
on chinese hamster ovary cells. J. Biol. Chem. 271: 3750-3755, 1996. PubMed:
8631990
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The hypothalamus is the control center for most physiological processes; yet has been difficult to study
due to the inherent heterogencity of this brain region. For this reason, researchers have turned towards
cell models. Primary hypothalamic cultures are difficult to maintain, are heterogencous neuronal and
glial cell populations and often contain a minimal number of viable peptide-secreting neurens, (n con-
trast, immortalized, clonal cell lines represent an unlimited, homogencous populatien of neurons that
can be manipulated using a number of elegant molecular techniques. Cell line studies and in vivo exper-
imentation are complementary and together provide a powerful tool to drive scientific discovery. This
review locuses on three key neuroendocrine systems: energy homeostasis, reproduction, and circadian
rhythms; and the use of hypothalamic cell lines to dissect the complex pathways utilized by individual
neurons in these systems.

¥ 2009 Elsevier Inc. All rights reserved.

1. Introduction

‘The hypothalamus maintains the homeostasis of our internal
environment and is the control center for all endocrine functions
{Fig. 1). It is situated below the thalamus, posterior to the optic chi-
asm and surrounds the third ventricle; access to the ventricle allows
it to integrate signals from circulating factors that cross the blood-
brain barrier (BBB). A study by Faouzi et al. indicates that there is
differential accessibility to circulating factors within the hypothala-
mus. They have shown evidence that one of the ventral regions of the
hypothalamus, Lhe arcuate nucleus, does not require peripheral [ac-
tors Lo cross the BBB, but instead may have neuronal projections that
extend outside of the BBB [53]. The regulatory actions of the hypo-
thalamus can be divided into three categories: control of internal
homeostasis, endocrine system regulation and autonemic nervous
system regulation. Within these three categories there are numer-
ous critical physiological functions regulated by the hypothalamus.
Internal homeostasis covers the regulation of water balance, tem-
perature, circadian rhythms and energy and glucose homeostasis
[60]). The latter two processes, circadian rhythms and energy and
glucose homeostasis, are two areas that are heavily studied, espe-
cially as the hypothalamus has recently been considered akey region
in the pathogenesis of obesily and diabetes [62]. With regard to
endocrine system regulation the hypothalamus, via the pituitary

© Corresponding author. Address: Department of Physiology, Universily ol
loronto, Medical Sciences Building 3247A, | Kings College Circle, Toronta, ON,
Canada M5S 1AS. Fax: +1 416 978 4373

E-mail address: d helshamaoutoronto.ca (DD Belsham)
0091-30225 - see front matter -~ 2009 Elsevier Inc. All tights reserved.
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gland, regulates stress, growth, metabolism and reproduction [60].
The third category, autonomic nervous system regulation, includes
the control of blood pressure, gut motility and respiration [GO|. As
the hypothalamus controls these numerous vital tasks, a perturba-
tionofthe delicate regulatory balance can lead to detrimental effects
resulting in major health problems.

The hypothalamus contains multiple nuclei, which are com-
prised of a complex network of neurons. Within this complex array
of neurons there are distinct neuronal phenotypes, cach expressing
a specific complement of neuropeptides, neurotransmitters and
receptors [52]. An understanding of the control mechanisms of
the unique hypothalamic, peptidergic neurons is critical before
we can understand how the brain achieves its diverse control of
basic physiological functions. The cellular mechanisms involved
in this process are naot clearly understood, mainly due to the com-
plexity of the in vivo hypothalamic architecture. Numerous studies
have been undertaken to map the afferent connections between
distinct hypothalamic nuclei and neurons, utilizing methodology
such as double- and triple-label immunocytochemistry, in situ
hybridization and retrograde tracing [43,47,51,74,145]. These
studies are useful to generate an emerging picture of the potential
cellular communication within the hypothalamus, but are not
comprehensive and do not address the molecular mechanisms in-
volved in gene regulation and cellular signaling. In order to over-
come the complexity of in vive models, numerous labs have
attempted hypothalamic cell line generation. Historically, it was
dilficult to establish immaortalized hypothalamic cell lines, due to
the lack of naturally occurring tumors and the inherent difficultly
of transforming or immortalizing highly differentiated neurons
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Flg. 1. Hypothalamic function. {A) The hypothalamus regulates numerous fenetions, all of whicl can be categorized under three headings: internal homeostasis, endocrine
regulation and autonomic nervous system regulation. The three functions specifically discussed in this ceview, circadian rhythms, energy homeostasis and reproduction, are
itaticized. (B} Within the hypothalamus these processes are controlled by discrete nuclei, each witli a different complement of phenotypically distincl neuruns.

from primary culture [28]. Cell lines from the peripheral nervous
system were established from neuroblastomas, such as the Neu-
ro2A, and pheochromocytomas, such as the £C12 cell fine; how-
ever, these models do not truly represent differentiated central
nervous system neurons (CNS). For instance, the murine N1E 115
neuroblastoma cell line is routinely used as a CNS-derived neuro-
nal medel, although it was originally generated from a spontane-
ous tumor on the spinal cord (9% Recently, cell models from the
hypothalamus have been developed and have proven to be invalu-
able towards understanding the cellular bivlegy of specific neuro-
endoceine cells. The number of cell madels from the hypothalamus
and from the entire brain, consist of a few isolated cell types and
represent an infinitesimal percentage of the neuronal phenotypes
represented within the brain. For this reason, our group and other
labs have been continually working on developing new hypotha-
famic, neuronal cell models. In this review, we will be summarizing
curcent hypothalarmic eell lines in use and will examine how they
have enviched our understanding of hypothalamic functien, with a
facus on Lhree important neurcendocrine topics: energy homeo-
stasis, reproduction and ciccadian rhythns.

2. Hypothalamic cell lines

Non-transformed primary hypothalamic cultures are difficult to
maintain, have a short life span and represenl a heterogeneous
neuronal and glial cell population; elten these ceit populations
contain a minimal number of healthy peptide-secreting neurgns,
on the other hand, immortalized, clonal cell lines represent an
unlimited homogeneous population of specific neurcnal cell types.
Additionally, they offer a model with fewer uncontrolled variables
than 1he in vivo situation and are maintained in a contrelled and
hemogeneous condition. Classical in vivo approaches cannot firmly
establish the direct action of an agent on specific hypothalamic

neurons oF on neuropeptide transcription, mainly because the cell
receives input from other neurons. As well, little is known about
the molecular mechanisims involved in intracellular signaling, pro-
moter regulation, regulation of gene transcription, or regulation of
secretion in native neurons due to the complexity and difficulty of
studying molecular events in vivo. The use of cell lines provides a
simpler model to begin these investigations. Since few stuclies have
been performed in vivo, rescarchers are unable to state whether
neuronal cell lines function identically to native neurons. For this
reason, caution must be taken when extrapeclating theories from
the cell line to the in vivo model. As well, cell lines lack the com-
plexity and integrated network of neuronal connections and sig-
naling. Despite these limitations, cell line studies can be used to
understand the in vivo model by having a clearer idea of further
studies to pursue with, as well as confirming molecular events.
From the current studies available that have looked at effects such
as hormenal regulation of gene expression or receplor activation,
most studies have found that the results from cell lines replicate
that of it vivo studies. Cell lines aiso provide a geod model to
screen different neuronal phenotypes fer the expression of specific
genes or proteins; studies that are difficult in vivo due 1o the
numeraus phenotypes of neurens present in a given hypothalamic
area. Because of this, limited characterization of native hypotha-
lamic neurons has been performed, and though hypothalamic cell
lines express a compilation of neuropeptides, receptors and signal-
ing molecules, it is unconfirmed that this differs from in vivo. It
was originally shown from in vivo studies that the GnRH neuron
enly expresseel one of the estrogen receptor (ER) isoforms, ERalpha.
Using the GnRH cell line, GT1-7, researchers found that both iso-
forms ERalplia and beta were expressed [ 128], after which it was
confirmed that both isoforms age present in Lthe native GnRH neu-
ron | 143]. This exemplifies how cell lines can be utilized to clarify
in vivo studies and although hypothalamic cell lines express

Please cite this article in press as: C.M, Mayer et al, Hypothalamic cell lines to investigate reuroendocrine control mechanisms, Front, Neureeadocrinol.

(2008), doi: t0.1016{{.yfrne.2004.03.005




C.Ad. Mayer et ol /Frontiers in Newroendocrinology xxx (2009) xxx-xxx 3

numerows factors aet yet shown in native neurons, this may be due
to a lack of in vivo studies.

For the reasons presenied above, researchers have tucned to-
wards immortalized cell models for detailed molecular and mech-
anistic studies. In 1885 Wilhelin Roux established basic tissue
culture techniques but it was not until 1940 when the first immor-
tal cell line was developed by Earle: the £ Strain cells [48,55]. Since
then numerous cell lines have been developed from many different
tissues: although the first atiempt at immeortalizing neurons was
not until 1974, performed by Shaw et al. [42]. They infected pri-
mary hypothalamic cells from embryonic mice day 14 with intact
sinian virus 40, 3 DNA virus that contains the oncogene, large T
antigen (SV40 T-Ag), creating an immortalized cell population la-
beled HT9, Unfortunately, these cells were morphologically similar
to precursor cells and were not fully differentiated neurons. (n
1984, Cepko et al. [27] developed retroviral shuttle vectors allow-
ing for the introduction of DNA sequences into mammalian cells,
utilizing SV40 T-Ag mediated replication. It allowed for increased
efficiency of gene transfer and contained a gene conferring resis-
tance to specific antibiotics, such as neomycin, altowing for selec-
tion of infected cells. This technology has permitted researchers to
retrovirally infect primary cells with an immaortalizing oncogene
and selectively propagate them. This is one of the key technologies,
along with the development of transgenic mice expressing onco-
genes, which has allowed for the development of cell lines. in the
following subsections we will discuss how these technologies were
utilized to develop gonadotropin-releasing hormone (GnRH}, sup-
rachiasmatic nucleus {SCN) and other general hypothalamic celi
lines.

2.1. GnRH expressing cell fines

One of the first fully differentiated hypothalamic cell lines was a
GnRH expressing cell model developed by Mellon et al. in 1990
[104]. They created a transgenic mouse utilizing 5' flanking DNA
of the rat GnRH gene to target expression of $Y40 T-antigen in
GnRH neurons, They obtained nine transgenic mice that expressed
the GnRRE-5V40 T-Ag gene, nene of which were fertile. Two of these
mice developed anterior hypothalamic tumors. From one of the fe-
male mice, portions of the tumor were removed for cell culture,
ultimately becoming the GT-1 cell line population. Following serial
dilutions of the GT-1 celis, they developed three homogeneous cell
populations, labeled GT1-1, GT1-3 and GT1-7. These cells ex-
pressed neuronal morphology and secrered GnRH when depolar-
ized. These cells became one of the mest highly utilized neuronal
cell models for studies related to not only GnRH, but also basic
neuronal function, as they represented one aof the few appropriate
neuronal models available.

Currently, there are now four GnRH expressing cell modets: the
GT1.GN, Gnv and GRT cells. The CN cells were developed utilizing
a simitar method as the GT1s, except they used the 5° flanking re-
gion of the human GnRH gene [122]. Also, the T-Ag driven tumors
developed before migration of the GnRH neurons from the clfac-
tory placode to the hypothalamus was complete and thus the cells
are considered to be immature GnRH neurons. One of their mice. a
male mouse, contained T-Ag and GnRH expressing cells, from
which two cel! lines were created, the NLT and Gni1 cells, Interest-
ingly, there were distinct phenotypic differences between the two
lines, as the NLT cells expressed GnRH at levels £0-fold higher than
the Gl cells, while the Gn11s expressed a splicing variant of the
GnRH gene lacking exon 2. The last two GnRH cell lines, the Gnv
and GRT cells, were developed using quite different methods.

The Gnv cells were developed by Salvi et al. [ 136] and were one
of the first attempts to create cell lines from adult hypothalamic
cultures. Isolated hypothalami from 10 to 12 weeks old rats were
infected using twa lentiviral vectors. The first vector expressed a

tetracycline (Tet) transactivator gene driven by the CaRH promoter
and the second vector expressed the v-myc oncogene and puromy-
¢in resistance gene fused with a Tet-responsive element, These
vectors allowed fer two things: the Tet-fransactivator gene to only
be expressed in GnRH neurons and the conditional activation of the
v-myc oncogene with Tet treatment. They developed 12 clones of
which clones 3 and 4, named Gnv-3 and Gnv-4, expressed the
highest levels of GnRH and were thus selected for future studies.
These cells have a phenotype of mature neurons and secrete GnRH
in a pulsatile pattern,

The GRT cells, developed by Wolfe et al. [164], are the most re-
cent hypothalamic cell lines and were also immortalized using
conditional activation of an oncogene. They created transgenic
mice expressing a Tet-regulated, GoRH promoter driven T-Ag hy-
brid gene, At 4 months of age, mice were treated with doxycycline
and hypothalami were dissected for cell culture at 5 months. The
cells were passaged in doxycycline containing media, which al-
lowed [or proliferation of the cells, The GRT cell line expresses
and secretes GnRH, although at lower levels than the GT1-7 cells.

2.2, SCN cell lines

Motivated in a similar fashion as reproductive researchers, sci-
entists with a circadian background desired a cell culture model of
the SCN. In 1999, Earnest et al. developed the first SCN cell line
[49]. They isolated SCN from embryonic rat hypothalamic, day 15
and 16, and infected them with a retrovirus expressing the adenc-
virus 2-adenovirus five hybrid E1A 12s sequence (125 E1A), an
oncegene, and a neomycin cesistance gene. The infected cells were
selected using geneticin and two cell lines were subcloned: the
SCNZ2.2 and SCN1.4. Both lines expressed neuronal markers and
SCN specific peptides, such as VIP and GRP. These cell lines have
become tlie most well studied SCN cell models.

Recently, two other SCN cell lines have been developed: the
N14.5 and RS182 cells. The N14.5 cells were created using novel
technology [ 102]. They isolated cells from the venterolateral region
of the SCN, from transgenic rats expressing the temperature sensi-
tive (ts) SV40 T-Ag. The SV40 T-Ag gene is only activated at 33 °C,
thus once the primary SCN neurons were isolated and grown at
33 °C, SV40 T-Ag was activated and the cells began to proliferate.
When grown at 39°C, proliferation is arrested and the cells differ-
entiate further. This cell line is another example of a conditionally
activated Sv40 T-Ag cell Yine. The N14.5 cell line expresses neurc-
nal markers and the SCN martker, VIP,

The RS182 cells were also created using 15540 T-Ag expressing
rats, except the rats were crossed with Per1 promoter driven lucif-
erase gene expressing [85]. SCN cells were isolated from these rats
at embryonic day 19 and grown at 33 °C, They established 512 cell
lines of which 17 displayed stable Per1 oscillations. visualized by
luciferase protein expression, indicative of intrinsic circadian gene
cycling. From the 17 lines, the RS182 cells had the highest ampli-
tude of cycling and were selected for further studies.

2.3. A Wide array of other hypothalamic neurons

The GnRH and SCN cells are only a few neuronal cell types from
the hypothalamus, Thus other groups, including curs, have devel-
oped cell lines that are representative of the enormous range of cell
types in the hypothalamus. Twe groups have utilized retroviral
gene transfer and $V40 T-Ag to immortalize cat embryoric cel!
lines. In 1990, Rasmussen et al. developed the RCF-8 and 12 and
RCA-6 cell lines (123}, These lines are responsive to estrogen and
the RCA-6 cells express NPY and IGF-1. Although these cells were
developed in 1990, few studies have ugilized these models and
they have not been further characterized them. [n 2003, Kasckow
et al.[83] also retrovirally infected embryonic day 19 rat hypotha-
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lami, producing cell lines, They screened the cells and identified
one line, IVB, which expressed CRH, for further studies. From their
initial experiments, they have found that this cell line serves as a
maodel for parvocellular CRIT neurens.

Recognizing the need for mouse cell lines representative of
other unique hypothalamic neurons, our group initiatly established
38 embryonic, clonal hypothalamic mouse cell lines [18). We
utilized retroviral infection of SVAQ T-Ag of primary hypothalamic
cell cultures from fetal mice day 15, 17 and §8 to produce a heter-
ogeneous mix of cells, which were further subcloned inte homoge-
neous cell populations. The cells are currently labeled as mtiypot-
‘dlone number' ta distinguish them from other newly created cell
lines and for ¢larity, altheugh it should be noled thal in previous
studies they were labeled as N-clone number’. These cells have
been well characterized and screened for over 28 neuroendocrine
markers. while the number of clonal {ines has now increased to
over GC. The ceoll lines also express mature neuronal markers ane
exhibit neuronal morphology (Fig. 2). Each of the cell lines
expresses a unique complement of receptors amnd neuropeptides
and has a distinctive morphology. Some key neuropeptides
expressed in these cells are neuropeptide ¥ (NPY), agouti-related

1nHypoE-46

peptice {AgRP), proopiomelanocortin (POMC), cocaine- and
amphetamine-related transeript {CART), nevretensin (NT), melanin
concentrating hormene {MCH), vasoactive intestinal peptide {VIP)
and corticotapin-releasing hormone (CRH), ameng many others
(sec Table 1).

Embryonic cell lines may or may not accurately represent the
adult, fully-differentiated neuron due to their unique developimen-
tal and physiological roles, and this is difficult 1o study withoul
appropriate models, Therefare, our group has recently devised a
novel method to immortalize neurons from the adult mouse
(D.D, Belsham et al., submitted for publicatien}. In order te retrovi-
rally incorporate the oncogene SV40 T-Ag into Lhe cellular genome,
cells must be dividing. As such, we utilized the nerve growth factor,
ciliary neurotrophic facter (CNTF), to treat primary cell culture
from adult mouse hypothamali, inducing neuregenesis and cell
division. Following 10 days ol CNTF treatinent, the cells were retro-
virally infected with SY40 T-Ag andl the infected cells were selected
with geneticin, The cells express markers of mature neurens and
exhibit neuronal marphology. We have established over 50 cell
lines, labeled mHypoA-"clone number', and are currently charac-
terizing these lines flor expression of pertinent neuropeptides,

Fig. 2. maging of embryonic and adult hypethalamic cell lines Examples of hypethalamic cell lines, both embryonic and adull, are illustrated wirhin this tigure. [A-D} The
cinbiyome mllypob-d6, 29:2, 38 and 435 were imaged using phase contrast micrescopy. These four lines were used in studies described in the energy homeostasss
section and the mHypeE-35 line was alse used in studies described in the reproduction section. (E-1) The adult mbyppoA2i22.-2{1,-2{3 and -2{5 were imaged using confocal
ditterential interference contrast microscepy. () The embryonic niHypot-38 neurons were imaged using Nuptescent conlocal microseepy after immunocytochemical analysis
with andi-ghrelin sera (green}: nuclei were counterstained with propidium jadide (red) {originally published in {36]). 1K} The adult mHypoA-2/12 neurons were imaged using
fluorescent microscopy after immunocytochemical analysis with an antibody against NPY {geeen): nuclei were countesstained with DAPE{blue). (1 and M) The miypoL-36; |
neutons were imaged using DAB staining during immunocytochemical analysis with antbodies against newrofilament (NF) and neurotensin (NT] {originally published in
|10]} {For interpretation of 1he references tw color in this figure legend, the reacler is referred to the web version of Lhis article.).
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Table 1 weontinued)

Gene mHypoE-29/2  mHypoE-38  mHypoE-29/4 mHypeE-39  mHypo-36/1  mHypoE.468 GT1-7  GnVl  Gavd SCNZ.2
Urocortio + . + * - - +

Vaspactive intestinal peptide + + + + + + + +
Vasoactive intestinal peptide receptor | - - - + - .

Vaspactive intestinal peptide receptor 2+ + + + + + +

"+ indicates that the gene is expressed;'—" indicates that it is not expressed; blank entry indicates that the presence/sbsence is unknown.

receptors, and neurotransmitter systems. These lines will be
important to understand the control mechanisms utilized by ma-
ture neurons in terms of basic physiological functions and stimulus
control, and can be used for direct comparisons with neurons of
embryonic arigin. We continue to develop new models for neuro-
endocrine research and our repertoire now includes comparable
models fromy the embryonic mouse {mHypoE, previously called
N-xx), male and female adult mouse (mHypoA), embryonic rat
{rHypoE), and adult mouse pituitary {mPitA). Eventually, we hope
to be able to provide a representative cell model for virtualiy all

Table 2
Key studies performed using hypothalamic cell lines.

hypothalamic research involving specific neurcpeptide-expressing
neurens from our mixed cell pepulations,

3. Energy homeostasis

The hypothalamus was first considered important for the regu-
lation of feeding after lesions in the ventromnedial hypothalamus
and lateral hypothalamus led to hyperphagia and obesity or apha-
gia and starvation, respectively [135]. Based on this work, the
hypothalamus is known to be the primary center for food intake

Study Key findings Celt line(s) used
Crergy Lee et al. [90] Glucose decreases AgRP by increasing ATP and inhibiting AMPE CTL-7
homegstasis  Cheng et al. |34] Glucose regulates AgRP through NADH production WHypok-18
Li et al. [04] GLUTZ averexpression decreases AgRP through increased ATP and inhibition of AMPK GTL-7
Mayer er al. tnsulin represses NPY and AgRP through MAPK MEK/ERK pathway WHypoE-46
Frago et al. [58} GHRH-6 regulates (GF-1 and NPY through 2n PI3K-Akt independent pathway RCA-6
Anderson etal. [8]  Increased intracellular calcivm activates CAMKK?, activating AMPK and increasing NPY HypoE-38
Fick et al. {56] Insulin regulates ghrelin through the PL3K-akt and MAPK MEISEck pathways mHypoE-18

Cui et al. [49] Leptin regulates neurotensin through JAK-STATI pathway inHypoE-3G, -39
Miroshamsi el al, Leptin and insulin activate Karp channels through PI3K CT1.7

lNli:‘:Iel al. [115] Leptin inhibits PTEN, increasing PIP3 and decreasing F-actin GT1-7, mHypoF-29/
Kaszubska et ab, FTPLB negatively regulates leptin signaling ?;'n.-,u

!\l?igslfer et al. Prolonged insulin exposure induces neuronal insulin resistance by degrading IR and (RS1, and sevine mHypoE-46

phosphorylaling IRS1
Fox et al. [57]

Legtin activates PC1/3 transeription via NhIh2 and STAT3

mHypoE-20/2

Repraductian Roy et al, [12R] Estrogen decreases GnRH gene expression thraugh ER% GT1-7
Pak et al. [118] Estrogen provides negative feedback on GnRY promoter activity GTL-?
Shakil et al. [£39] Androgen decreases GnRH expression via nuclear ARs and increases GnRH secretion via membrane ARs  GT1-7
Krsmanovic et al. Autocrine regulation of GnRH promotes switch from basal to surge -like GnRH secretion GT1-?
(89]
Quaynoretal. [121]  Kisspeptin increases GRRH secretion in an autocdine fashion GT1-7

Bowe et al. [21} NPY stimulates GnRH secretjion GT1-7

Rey er al. [129) Melatonin decreases GnRH secfetion and gene expression GT1-7

Igaz et al. |78] Insulin increases GoRH expression GT1.7

Yu et al. |167] cAMP and PKC induce GnRH secretion GT1-7

Titolo e1 al. | 136] Estrogen differentially regulates NPY depending on ratio of ER% and ERp mHypoE-38, -42

Jacabi et al. [80] Estrogen increases Kisspeptin and GRP34 G117

Luque et al. {97] NPY stintulates kisspeptin expression mHypoE-6
ori-7

Belsham et al. [15]  NMDA and NO repress GnRH expression

Circadian Balsalobre et al. Serum shock synchronizes cultured cat fibroblasts
rhythms [t1}
Balsalabre et al. Glucocorticeids synchronize cultured rat fbroblasts
(12}
Balsalabre et sl.
[13]

lzume et al, {79]
Welsh ct al, | 158]
Akashi et al [2]
Hirayama et al. [73]

CAMP, Ca?", and protein kinase C (PXC) alfect rhythimicity and synchronization

Temperature compensation and real tinie imaging of circadian rhythms

Peripheral cells in cuiture cycle over 24 b, but lase synchronicity

MAP kinase cascade is involved in reseiting of the clock

Mutant BMAL1 protein could not restore thythmicity when not acetylated by CLOCK

Rat-1 fibroblasts
Rat-1 fibroblasts
Rat-1 fibroblasts
Rat-1 fibroblasts
Rat-1 fibcoblasts

NIH-373 Abroblasts
BMAL1 mutant MEFs

Earnest et al. [49] Establishment of adenoviral E1A immortalized SCN2.2 cell lines SCN2.2
Earnest et al. [30] SCNZ.2 neurons Testore behavioral chythms whea transplanted into SCN-lesioned rats SCN2.2
Allen et al. (4] SCNZ.2 newrons synchronize rat-1 fibrablases in culture SCN2.2
Allen et al. [G] SCN and peripheral clecks respond to different entraining stimudi SCN2.2, rat-1
fibreblasts
Chappell et al {13)  Altered circadian furction affects GnRH secretion GT1-7
Koy et al. [12%] GTI-7 neurcns express functional melatonin receptors and melatonin afters GnRH gene expression GTi-?
GTL-7

Gitlespie et al. [63]

GT1-7 neurons express functional clock genes
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and body weight regulation. Within the hypothalamus there are
specific areas that are involved with energy homeostasis, namely
the arcuate nucleus (ARC) and the paraventricular nucleus (PVYN)
[82]. These regions of the hypothalanus are comprised of orexi-
genic and anarexigenic signals. There are aumerous orexigenic
and anarexigenic neurapeptides that are involved in the regulation
of feeding, Some of the peptides expressed by these neuropeptider-
gic neurons inctude: NPY, AgRP, MCH, galanin, Orexin, alpha-MSH,
CRH, CART, and NT [92,138]. Energy homeostasis is maintained
through regutation of these neuropeptidergic neurcns by periphe-
ral signals, These signals include hormones such as leptin and insu-
lin, and nutrients such as glucose and free fatty acids [162]; in
concert they act to either repress or stimulate feeding neurons,
altering secretion and gene expressian. In the follewing subsec-
tions, we will loak at how hypothalamic cell lines have been used
to study the regulation of neurcpeptide gene expression, periphe-
ral hormone signaling and the regulation of intracellular signaling
maolecules.

3.1. Neuropeptide regulation

Duoe of the key steps in altering feeding responses is the change
in neuropeptide expressicn. Nutrients, like glucose, and peripheral
hormones, like leptin and insulin, act in the hypothalamus to alter
the expression of feeding-related neuropeptides. In vivo studies
using knockout animals have explared the importance of individ-
ual neuropeprides and the role they play in feeding regulation.
As well, in vive studies have looked at the overall response of the
hypothalamus te specific horimoenes and nutrient signals, but it is
in the in vitro model where researchers have begun to define the
molecular mechanisms involved in the regulation of neuropeptide
gene expression.

Neurapeptide Y and agouti-related peptide are two key potent
orexigenic peptides, as indicated by the adult NPY[AgRP neuron
knockout mice [G8,98], which exhibit extreme aphagia and even-
tual starvation. In vitro studies have recently been investigating
the intracellular mechanisms invelved in the regulation of these
neuropeptides. Glucose was shown to regulate NPY and AgRP
expression in vivo, although the intracellular mechanisms were
not known {32,156]. Lee et al. used the GT1-7 cells to study how
glucose regulates NPY/AgRP (90). GT1-7 treatment with glucose
decreased AgRP mRNA expression and increased ATP levels. In re-
sponse 1o the rising ATP levels, they found that phospho-AMPK, an
intracellular fuel sensor, decreased. An inhibitor of ghucose metab-
olism, 2-deoxy-o-glucose (2DG), decreased ATP while increasing
AgRP mRNA and phospho-AMPK. To determine if ATP was directly
involved with AgRP regulation, they depleted cellular ATP using so-
dium azide, which affects mitochondrial oxidation. The depletion
of ATP led to an increase in AgRP. Next they studied if AMPK was
directly involved and found that an AMP analeg, AICAR, increased
phospho-AMPK, as AMPK is activated by an increase in the ratio of
AMP to ATP, and in turn, AZRP expression. Lastly they used a dom-
inant-negative AMPK construct and found that it prevented the 2-
DG induced increase in AgRP. This stucy indicates that glucose lev-
els affect AgRP expression by changes in ATP (evels, which lead to
activation of inhibition of AMPK, Cheng et al. [34] followed up on
this study using the N-38 celis {now known as mHypoE-38) which
endogenously express NPY and AgRP. They confirmed that glucose
inhibits AgRP expression and decreases cellular ATP levels.
Although they found tirat ATP and AMPK were not involved in
the regulation of AgRP. Instead they found that a CGAPDH inhibitor,
jodoacetate, which decreases the levels of NADH, increased AgRP
MRNA and decreased ATP. As well, inhibition of AMPK with RNA
interference, induced AgRP mRNA at t0 mM glucose and AICAR
inhibited AgRP. They proposed that giucose reguiates AgRP
through the production of NADH by GAPDH and reguiation of the

C-terminal binding protein. These two studies indicate that glucose
may regulate AgRP dissimilarly in different neuronal poputations,
supporting the need for studies at the individual neuronal Jevel.
One of the key steps in glucose sensing is the uptake of glucose inte
cells. Li et al. used the GT1-7 cells te study the role of the glucose
transporter 2 (GLUT2} in the regulation of AgRP by glucose [24].
They found that GLUT2 overexpression increased ATP levels lead-
ing to inhibition of AMPK and a decrease in AgRP mRNA expres-
sion. As well, overexpressicn of GLUT2 blocked the 2DG-
mediated increase in AgRP mRNA levels. This study further
illustrates that neurapeptides, such as AgRP, can be regulated by
glucose, Taken together with the previous two studies, these stud-
tes indicate that researchers are just beginning te understand the
imechanisims utilized by glucose to regulate feeding-related neu-
rons and that neuronal cell lines provide an impartant model in
which this may be investigated.

Along with glucose, peripheral hormones are known ta regutate
NPY and AgRP gene expression. One of these key hormones is insu-
lin, In order to understand how the mechanisms through which
insulin regulates NPY and AgRP, our lab has used a celi line that ex-
presses these peptides, mHypoE-46 (C.M. Mayer and D.D. Belsham,
submitted for publication). Insulin treatment decreased NPY and
AZRP mRNA levels and induced phosphorylation of Akt and Erkl/
2. Using inhibitor analysis we determined that the MAPK MEK/
Erk pathway is involved in insulin regulation of NPY and AgRP
mRNA expression. Lin et al. [95] studied the effects of another
peripheratl hormone enterostatin, an anorexigenic peptide found
in the pancreas, gastric mucosa and specific brain regions, on AgRP
expression, They found that enterostatin decreased AgRP mBNA
tevels In GT1-7 cells. This data was presented in conjunction with
in vivo data and used to confirm the direct actions of the peptide
on neurons. Ghrelin is a peripheral hormene produced by the
stomach, thought to counteract the anorexigenic effects of leptin,
Using a ghrelin receptor agonist and the RCA-G, NPY expressing cell
line, Frago et al. [58] studied the actions of the agenist on NPY and
IGF1 expression. They found that the agonist, growth hormone-
releasing peptide-6 (GHRH-6) increased insulin-like growth factor
I (IGF-1) and NPY mRNA expression and induced phosphaorylation
of Akt. IGF-1 treatment also increased NPY mRNA expression.
Interestingly, inhibition of the PI3 K-Akt pathway using
LY294002 did not aftect GHRH-G regulation of IGF-1 and NPY. This
study indicates that the PI3 K-Akt pathway does not mediate the
effects of GHRH-6 on [GF-1 and NPY.

Cell ines have also been used 1o study the effects of intraceliu-
lar signaling molecutes on NPY regulation. [n conjunction with
in vivo studies, Anderson et al. (8] used the N-38 (mHypoE-38) cell
line 1o provide more direct evidence linking CAMIKKZ, a serinef
threonine protein kinase, to pathways regulating NPY. [onomycin
treatment, which increases intracellular calcium, activates CAM-
KK2 and induces phosphorylation of AMPK in the N-38 cells. Inhi-
bition of CAMKKZ blocked the ionomycin-induced increase in
phospho-AMPK. As well, ionomycin increased NPY mRNA expres-
sion and the CAMKK2 inhibitor attenuated this increase. This study
indicated that infracellular calcium increases activate CAMKKZ,
leading to phosphorylation of AMPK and increased NPY mRNA.

Cell lines have allowed for the analysis of the NPY, AgRP and
CnRH promoters. There are excellent reviews on GnRH promoter
antalysis [ 19.66,114], and therefore this will not be further covered
in this review. However, relatively little has been reported about
the regulation of the NPY promoter [7,96,108,109,159), and these
studies were only performed in heterologous cell models. [t is
koown from bilateral neural transection experiments and anti-
sense data that the NPY neurons responsibie for the reproductive
and crexigenic effects of NPY lie within defined regions of the
hypothalamus, including the arcuate nucleus [81,133,134], which
ctearly are not represented by any of the tumor-derived cell lines
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previousiy used for NPY studies. Using the GT1-7 cell line, our lab
transiently transfected NPY 5 flanking gene luciferase reporter
constructs and found a repressor region between -86G7 and
—1078 [103). Three protein binding regions were determined with
DNase | feotprint analysis and the region between ~943 and —922
were further analyzed using electrophoretic mobility shift assays
{EMSA). This revealed that four different transcription factor-DNA
complexes formed with GT1-7 nuclear proteins and that two of
these proteins were the Oct-1 and Pbx-1 transcription factors.
We are now using the cell lines derived in our laboratory express-
ing endogenous NPY from appropriate hypothalamic nuclei to
study the divect regulation of the NPY promoter by hormones
and to map these effects to distinct regions of the NPY gene 5 reg-
ulatory region. This type of analysis has already been performed on
the AgRP gene in the N-38 cell line, in which a novel SNP was found
allowing functional dimorphism [10). As exemplified above, cell
lines provide a useful model in which to examine 5 regufatory re-
gions and to identify transcription factor binding regions involved
in tha regulation of a gene of interest, As well, using phenotypically
different cell lines one can begin to compare cell type specific
transcription factors involved in differential expression of
neuropeptides.

Ghrelin, a potent orexigenic hormone, is secreted by the stom-
ach and acts in the hypothalamus to stimulate NPY/AgRP neurons.
Ghrelin is also expressed in the brain, possibly having 4 more local
action. Qur lab found that one of our hypothalamic cell lines, mHy-
poF-38, expressed preproghrelin [56]. This cell line was used to
determine if peripheral hormones, like insulin, could regulate brain
ghrelin. We found that insulin decreased preproghrelin and phos-
phorylated Akt and Erk1/2. The MAPK-MEKJErk1/2 pathway inhib-
itor, PD9805Y9, attenuated the insulin-mediated decrease in
preproghrelin, while the PI3 K inhibitor, LY294002. vpregulated
gene expression. This study indicated that insulin divectly regu-
lates brain ghrelin and the MAPI MEK/Erk and P13 K-Akt pathways
are involved in the regulation of preproghrelin.

Along with study of orexigenic peptides, hypothalamic cell lines
have also been used to study the regulation of specific anerexigenic
factors: in particular, neuratensin (NT} and insulin, Neurotensin is
expressed in the CNS and digestive tract and is involved in a num-
ver of physiological processes, including feeding, Our group uti-
lized the N-39 and N-36/1 cells (mHypoE-39 and mHypoE-36/1}
to analyze the effects of leptin, insulin and alphz-melanocyte stim-
ulating hormone {alpha-MSH) on NT gene expression ]40). Treat-
ment of the twa cell lines with leptin, insulin and alpha-MSH
increased NT gene expression. Promoter analysis revealed a leptin
responsive region located in the NT 5 flanking region between

250 and —391. This region contained STAT3 responsive elements
and chromatin immunoprecipitation (ChiP} showed binding of
STAT3 to this region. In order to determine if STAT3 was involved
in leptin-mediated NT regulation, the cells were transfected with
dominant negative STAT3 constructs. The dominant negative con-
struct attenuated leptin-induced increases in NT mRNA, This study
found that leptin, insulin and aipha-MSH directly regulate NT gene
expression and tihat leptin does so through the STAT3 transcription
factor.

Insulin is mainly produced in pancreatic beta cells, although
there is also some evidence for expression in the rodent brain.
Two of our cell lines, mHypoE-39 and mHypoE-46, express the ro-
dent Ins2 gene, which is highly homologous to the single human
insulin gene [92). We found that mouse and rat Ins2 5 flanking
gene reporter constructs were active in these cell lines, while the
human construct was not, Treatment of the mHypoE-39 with glu-
cose increased [ns2 mMRNA levels, while exendin four {a GLP-1 R
agonist) decreased lns2 mRNA. As well, we found that exendin four
increased cAMP levels indicating that the GLP-1 receptor is active
in pur cell lines. Through ¢his study we show that rodent Ins2 is

expressed in neuronal cells and can be potentially regulated by
central or peripherat hcrmones,

3.2. Peripheral hormone signaling

Although determining the regutation of neuropeptides by hor-
mones and nutrient signals is important, an understanding of the
mechanisms through which these hormones and nutrients signal
in neurons is critical to gaining an insight into the pathogenesis
of diseases such as diabetes and obesity. For these mechanistic
studies, hypothalamic celf lines will play an invaluable role. Over
the last few years, researchers have begun utilizing cell lines to
work out the signaling pathways employed by insulin and leptin.
Leptin and insulin are known to activate the classic signaling path-
ways PI3 K-Alet and MAPK MEK/Erk (/2 in neurons. Mirshamsi et al.
[110] further studied the linkage between the PI3 K-Akt pathway
and other intracellular signaling mediators, Using the GT1-7 cell
line they confirmed that insulin and leptin phosphorylate Akt
STAT3, Erki 2 and GSK3. The PI3 K inhibitor LY294002 inhibited
leptin- and insulin-mediated Akt and Erk1/2 phosphorylation.
Interestingly. they found that leptin and insulin increased activa-
tion of the Karp channe), as well as increasing the phosphatidylin-
ositol (3,4,5)-trisphosphate (PIP;), the downstream product of
Pi3 K. Next they investigated the cellular mediators involved in
the activation of the Kare channel. They found that leptin induces
reorganization of actin filaments, causing an increase in G-actin
and a decrease in F-actin, This effect was dependent on PI3 K, as
the PI3 K inhibitors, LY294002 or wortmannin, attenuated leptin-
mediated actin reorganization. From this study, they proposed that
leptin and insulin activate the Kapp channel through PI3 K and that
leptin may utilize actin rearganization to mediate this action. This
study was followed up by the same lab, in which they analyzed the
role of the endogenocus 13 K pathway antagonist, PTEN, in [eptin
and insulin signal transduction [115]. They used the GT1-7 cell line
along with the leptin sensitive N-29/4 {mHypcE-29/4] cell line for
these studies. They found that decreased levels of PTEN, through
siRNA knock down, led to increased PIP3 levels. As well, increasing
PTEN levels with protein expression constructs did not alter F-actin
levels alone, but prevented a leptin-mediated decrease in F-actin.
The authors hypothesized that a decrease in PTEN leads to an in-
crease in PIP3 via P13 K, which causes a decrease in F-actin. Leptin
did not abter PI3 K activity, whereas insulin increased it and PIP3
levels, but did not affect F-actin. From this they stated that changes
in f-actin were not dependent upon activation of P13 K. This study
then went on to show that leptin phosphorylates PTEN teading to
its inactivation, whicl causes an increase in PIP3 levels and a de-
crease in F-actin.

Qur lab explored the signaling pathways activated by leptinin a
NT expressing cell line, N-39 (mHypoE-39} [41]. We found that
leptin increased phosphe-STAT3, -Erkl/2, -p38 and -ATF1. To
determine if these pathways are utilized by leptin to affect down-
stream NT gene expression, the N-39 cells were treated with leptin
and specific pathway inhibitors. The p38 inhibitors, $8203580,
SB202190 and SB239063 all attenuated the eflects of leptin on
NT. Applying EMSA and ChIP we determined that leptin induces
binding of ATF-1 and c-fos to the NT promoter, both downstream
signaling proteins of the MAPK p38 pathway.

The negative regulator of insulin signaling, protein tycosine
phosphatase 18 (PTP1B), is implicated in the regulation of feeding.
Kaszubska et al. [84] used the GT1-7 cell hne to study if it affects
leptin signaling in neurons. Leptin increased phospho-STAT3 and
activated a STAT3 responsive luciferase reporter construct. Over-
expression of PTPIB attenuated these leptin actions. Microarray
analysis revealed that the over-expression of PTP1B decreased
the number of genes upregulated by leptin. This study indicated
that PTP1B does negatively regulate leptin sighaling in neurons.
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Glucose signaling is active in hypothalamic neurons, although
the cell types that are glucose-responsive are not yet fully defined.
Exploiting an anorexigenic-POMC expressing cell line, N-43/5
{mBypoE-d43/5), our lab determined if POMC neurons are glu-
cose-responsive [26]. Glucose depotarized the cells and caused an
increase in cellular calcium levels, indicative of functional glu-
cose-sensing machinery, As well, glucose altered intracellular sig-
naling proteins, noted by decreased phospho-AMPK and -ACC
levels. We also anaiyzed if changes in glucose levels affected the
response of the N-43/5 cells to leptin aud insulin, In low glucose
conditions, leptin and insulin decreased phospho-AMPK, an effect
that was absent in high glucose. This study indicates that the
POMC expressing cell line, N-43/5, is responsive to glucose and
that changes in glucose levels alter the cellular response to ather
hormones.

Along with determining hermonal and nutrient signal transduc-
tion pathways, we found that hypothalamic cell lines coutd be uti-
lized to probe the intracellular changes in pathological states.
Using the mHypoE-46 cell line we studied the effects of hyperinsu-
linemia on neurons and analyzed the mechanisms invoived in the
development of cellutar insulin resistance {C.M. Mayer and D.D.
Belsham, submitted for publication), Prelonged exposure to insulin
caused cellular insulin cesistance, noted by attenuation of P13 -
Atk pathway activation by insulin. Insulin induced phospho-Akt
and -S6 K, as well as IRS1 serine phosphorylation. As well, long
tern treatment with insulin decreased IRS1 and insulin receptor
{IR) protein levels, In order to determine the pathways involved
with the decrease in insuiin-mediated Akt phosphorylation, we
used inhibitors for lysosomal (3-methyladenine} and proteasomal
{epoximicin} degradation pathways, as well as an mTor-36 K path-
way inhibitor (rapamycin). We found that protonged exposure to
insulin decreases IR levels through a lysosomal pathway and IRS1
levels through a proteasontal degradation pathway. As well, insulin
increased IRS1 serine phosphorylation through the mTor-56 K
pathway. Phosphorylation of IRST on serine residues is known to
decrease insulin signal transduction. {nterestingly, treatment with
any one of the inhibitors in the presence of high insulin concentra-
tions restored insulin signaling. This study indicates that prolonged
insulin exposure causes cellular insulin resistance through lyso-
somal degradation of IRs, proteasomal degradation of IRS1 and ser-
ine phosphorylation of IRS1.

3.3. Regulation of intraceffular signaling molecules

This last subsection of feeding Jooks at how hypothalamic cell
lines have been used to study the regulation of intracellular signal-
ing molecules. Four current studies on this topic have been re-
ported. In the frst study Fox et al [57] used the POMC
expressing N-29/2 {mHypoE-29/2) cell line fo analyze the regula-
tiot of proconvertase 1/3 (PC1Y3} expression. PCL{3 is required in
POMC neurons in order to process the prohormone, POMC, into ac-
tive peptides such as alpha-MSH and beta-endorphin. They found
that leptin stimulated PCH/3 promoter transcription, vsing a 5
flanking PC1}3 gene ceporter construct, and required the presence
of two transcription factors, Nhlih2 and STAT3. A ChIP assay re-
vealed that Nhlh2 binds to the PC1/3 5' flanking region. Using site
directed mutagenesis, they found that STAT3 sites within the PCL{3
5 flanking area were required for leptin activation of PC1/3 tran-
sceiption, Lastly, a modified ChIP assay was used (o determine that
STAT3 and Nhih2 heterodimerize and interact with the PC1/3 pro-
moter. Thus, leptin activates PC1{3 transcription via the transcrip-
tion factors Nhlh2 and STAT3.

Exploiting the N-38 (InHypoE-38) celf line in combination with
a novel protein-protein interaction determining method, MAPPIT.
Wauman et al. [157] analyzed the interaction between the leptin
receptor (ObR) and IRS4. RS4 is a member of the IRS family of pro-

teins, which are required by insulin for signal transduction and
may also be involved with leptin signaling, and is highly expressed
in the hypothalamus. IRS4 was found to interact with the ObR in N-
38 cells and phosphorylation of the ObR at tyrosine 1077 is re-
quired for this intecaction. As well, the authors found thar [RS4
interacted with other intracetlular signaling molecules: the p85
subunit of P13 K, phospholipase € and SOCS2, 6 and 7, This study
indicates that IRS4 may serve a function in leptin signaling.

In the third study, Brown et al. [23] analyzed the effects of adi-
pokines on SOCS3 expression. Adipokines are produced in adipose
tissue, like leptin, but are also secreted in certain regions cof the
brain. The authers examined the central role of two adipokines,
resistin (rstn) and fasting-induced adipose factor (FIAF), using a
hypothalamic cell line that expresses the two factors, N-1 (mHy-
peE-1). They found that resistin treatment decreased both FIAF
and SOCS3 mRNA levels and that over-expression of rstn in the
N-1 cells had a similar effect. Conversely, decreased in FIAF levels
via siRNA did not affect rstn or SOCS3 levels. This study indicates
that resistin has a novel paracrinefautocrine effect upon FIAF and
SOCS3 in neuroens.

The last study used the GT1-7 cell model to evaluate the effect
of leptin and alpha-MSH upen melanocertin four receptor (MC4R)
expression [67]. Te MC4R is part of the anosexigenic melanocortin
pathway and is activated by alpha-MSH. Gout et al. found that lep-
tin and alpha-MSH act directly on neurons to increase MC4R mRNA
expression. This study teok advantage of the in vitro model to cein-
force the direct actions of leptin and alpha-MSH on MC4R expres-
sian, confirming experiments performed in in vivo studies.

The studies above exemplify how appropriate cell models ¢an
be used to dissect the intricate molecular events utilized by indi-
vidual neurons to control basic aspects of physiology by sensing
central and peripheral signals. The generation of the cell lines with
a clonal, homogeneous population of neurcns allows the use of
technologies not yet possible in the whole brain, These discoveries
will allow for more detailed and directed studies in the whole ani-
mal and with perseverance, a confirmation of the cellular events
determined in vitro in the in vivo situation.

4, Reproduction

The reproductive system is regulated by a complex interacticn
of neuropeptides and peripheral hormones acting upon the hypo-
thalamic-pituitary-gonadal (HPG) axis. Situated at the peak of
the HPG axis are the gonadotropin-releasing hormone (GnRH} neu-
rons. GnRH is secreted by these neurons and acts upon pituitary
gonadotropes inducing the secretion of the gonadotropic hor-
mones LH and FSH into portal circulation where they ultimately
act on the ovaties to stimulate ovulation. Estrogen preduced in
the ovaries regulates reproduction by controlling GnRH synthesis
and secretion by acting through both positive and negative feed-
back mechanisms on the HPG axis.

GnRH neurens represent a small population estimated at 400-
1600 neurons, which are found scattered threughout the preoptic
and anterior hypothalamus {137]. GnRH neurons are regulated
through autocrine mechanisms and by many extracellular signals
including neuroteansmitters, sterold hormones and peptide hor-
mones. In addition, they receive paracrine inputs from many differ-
ent neurcnal phenotypes including steroid-sensitive nevrons such
as the neuropeptide Y (NPY) and kisspeptin neucons.

GnRH controls repreduction through secretory acrions on pitu-
itary goradotrophes. GnRH is secreted in rhythmic pulses which
are required for reproductive maturation and homeostasis [59].
and surges, which are responsible for inducing ovulation [93].
While the function of GnRH in repreduction is well documented,
the complex regulation of GnRH expression and secretion are not
fully understood, mainly due to the difficulty of studying these
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mechanisms esing in vive maedels, Over the past 18 years and after

approximately 300 publications researchers have used the immor-
tatized GnRH cell lines, GT1, GN1 1 and Gnv3 to advance our under-
standing of GnREL regulation to a degree that would uot have been
attainabie solely using classical in vive appreaches. The GT1 cell
model has proven to be an excellent mede! Lo study the regulation
of GnRH, as GT1 neurons mimic GnRH secretion in vivo. CT1 neu-
rons not only basally secrete GnRIL in a rhythmic pulsitile mananer
[160], but also acutely secrete increased levels of GnRH inresponse
to depolarization [104]. The immature GnRH cell line, GN1I, was
found to express [122] and modestly secrete GnitH [168]. The re-
cently developed conditionally immertalized GnRH cell line,
Gnvs, was lound to secrete GnRH i a pulsilile manner and secre-
tion is acutely increased following NMDA stimulation [136], In the
follewing subsections we will took at the role these cell lines have
played in studying GnRH neurenal regulation.

4 1. Hormonu! regulation of GnRH

Hermonal reguwation of GnRH synthesis and secretion tirough
negative and positive feedback mechanisms is ceucial for the
maintenance of normal reproductive function. Estrogen regulates
normal tonic GnRH secretion through negative feedback mecha-
nisms [$9]. while inducing the preovulatory LH surge by positive
feedback mechanisms {93]. Over the past 30 years scientists have
debated whether cstrogen regulates GnRH by acting directly on
GnRH neurons itself or indirectly through estrogen-responsive
interneurons. The latter view was supported by several immunocy-
tochemical studies that showed GnRH neurons of several species
in vivo lack estrogen receptors (ERs)([70-72,91,142,148|. However,
because the brain contains few GnRH neurons thal ave scattered
threughout several nuclei, classical immunocytochemical ap-
proaches are lilely not sensitive enough to cdetect expression of
ERs. As & way of overcoming this inherent in vivo obstacle, several
groups utilized the clonal GTi neuronal cell line to investigate
whether functionat ERs are expressed in GnRH neurons. Indeed,
several groups demonstrated that estrogen binds o receptors in
GTI-1 celis [119] and detecled functional ERa [25,128,140] and
ERp [128] receptors in GT1-7 cells. in light of these findings, Skyn-
ner et al, used the advanced technique ef single-cell multiplex RT-
PCR to demonstrate for the first time that GnRE neurons in vivo
express ER[EmRNA [ 144]. More recently Hu et al. showed that both
fotal and adult GuRH neurons in vive express both ERa and ERf
MENA [75].

Confirmation that ERs are expressed in GnRH neurens
prompled groups to begin to investigate the direct actions of estro-
gen on GnRM and the mechanisms mediating these effects by using
the GTY celt lines. 17f-estradiol was shown to repress CnRH mRNA
expression [21,128], an effect that was minicked by HPTE, an ER«
agonist/ERB antagenist [ 128]. This effect was blocked by the non-
selective ER antagonist [C1 182,780 (21,128], but not by the selec-
tive ER[} antagonist, R,R-THC [21], suggesting that ERx mediates
17p-estradiel-induced repression of GnRH mRNA expression. The
phytoestrogen, toumestrol, was found to decrease GnRH mRNA
expression in GT1.7 cells, an cffect that is likely mediated by
ERP, as R.R-THC blocked the effect of coumestrol [21]. Investigation
of ERps role in regulating the GnRH promoter found that GT1-7
cells transfected with splice variants of ERpp increased promoter
activity in a ligand-independent manner. When these transfected
cells were treated 17fi-esteadiol the increased promoter activity
was attenuated, suggesting that ER| acts as a transcription factor
for the GnRH promoter and that estrogen provides negative feed-
hack on GnRH promoter activity [118], 17f-estradiol was also
found to rapidly inhibil cyclic adenosine monaphesphate (cAMP}
production and GnRH secretion, which suggested the involvement
of a G,-coupied membrane ER {112].

The effects of 17f-estradiol on the electraphysiological proper-
ties of GNRH neurens have been studied using GT1-7 cells. 17{-
estradiol was found to augment Ca®' activated potassium channels
[116} and modulate potassium cuzrents [54] through ERs. More
specifically, the effect on Ca®* activated potassium channels was
mediated by ERJ, as the ER{Y agonist, 2,2-bis(4-hydroxyphenyl)-
propionitrile (DPN) mimicked the effect while a selective ER« ago-
nist 1,3.5-tris{4-hydroxyphenyl)-4-propyl- 1H-pyrazole (PPT) did
not and the effect was blocked by ERp. but not ERy, knockdown
by RNA interference [116].

Aside from estrogen the effects of other sterotd hormones on
GnRH expression have also been investigated using cell lines, The
sex steraid precursor dehydroepiandeosterone (DHEA} was also
found to inhibit GnRH mRNA expression, an effect that could not
be attributed to the metabolism inte 17p-esteadiol since the en-
zyme aromatase is not present in GT'1 neurons [39]. When treated
with the androgen 5%-dihydratestosterone (DHT), GnRH mRNA
expressiony was repressed in GT1-7 cells, an effect that was medi-
ated by androgen receptors {AR) [16]. Further experiments re-
vealed that DHT and testosterone decreases GuRH  m&NA
expression while the membrane-impermeable BSA-conjugated
testosterane (T-3-BSA) did not, suggesting that DHT and testoster-
one act 1hrough nuclear ARs to regulate gene expression [139].
Conversely, GnRH secretion and intracellular calcivm were rapidly
increased by DHT, testosterone and T-3-BSA, suggesting that mem-
brane androgen receptors mediate these effects. BHT also blocked
the forskotin-induced increase in cAMP production via membrane
androgen receptors coupled to the inhibitory G-protein, G; [139].

4.2. Autocrine, peptide and second messenger regulation of GnRH

GnRH neurons express functional GnRH receptors [83] suggest-
ing the possibility of autecrine regulation. GnRH was found to in-
duce the expression of the immediate early gene, c-FOS, through
a protein kinase C (PKC) mechanism in GTi-7 cells |29]. Using
the GnRH agonist, buserelin, basal GnRH secretion, premoter activ-
ity, and mRNA levels were decreased in GT1-1 cells [35]). Furthes-
more, GnRH was found to increase mobilization of intracellutar
calcium and to decrease GnRH secretion frequency, but, increase
pulse amplitude {88]. These findings suggest that autocrine regula-
tion of GnRH promotes a switch from basal to surge-like release of
GniH.

Paracrine regulation of GnRH by afferent neucens including,
neuropeptide Y (NPY) and Kisspeptin neurons has been suggested
based on neurcanalomical and pharmacelogical studies. Neuro-
aratomical studies provide evidence that NPY-producing |154]
and kisspeptin-producing [37,120] neurons project te or have
terminals in close proximity to the preoptic GnRH neurons,
respectively.  Pharmacological studies demonstrale 1hat NPY
[14,38,86,132,165] and kisspeptin [101,105] increase GnRH secre-
tion in vivo. Although these studies suggest that NPY and kisspep-
tin are capable of acting directly on GnRH neurons, indirect
actions thwough other aiferent neurens cannot be ruled out, Uti-
lizing GT1-7 neurons, Besecke et al demonstrated that NPY
increases secection of GnRH through direct actions on GnRH neu-
rons, likely through the Y1 NPY receptor and intracellular calcium
mobilization {20). The GT1 cell line expresses the kisspeptin
receptor, G-coupled protein 54 (GPR534) 80,121} Recently
kisspeptin-10 has been shown to rapidly increase GnRRH secretion
[8U.121] and more specifically increase both the frequency and
amplitude of GnRH secretory pulses from GT1-7 neurons [121].
Furthermore, kisspeptin-10 was shown to increase GnRH mRNA
expression [S0].

Many other peplicdes have been demonstrated to reguiate GnRH
secretion, MRNA expression and promoter aclivily in GT1 neurons
including melatenty, retingic acicl, insulin and prolactin, Melatonin
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was found to decrease GnRH secretion [131] and decrease GnRH
mRNA expression in a 24-cyctical manner [130] and is described
below in the circadian section of this review. Retinoic acid was
found te increase GnRH seccetion, mRNA expression and promater
activity |36]. Insulin has been shown to induce increases in GnRH
mMRNA expression, ¢-FOS mRNA expression and activate phospho-
inositide 3-kinase (P13 K) and ERX1/2 in GnV3 cells [78]. Prolactin
was found to decrease GnRH secretien in GT1 cells | 106].

Specific second messenger pathways have been found to be in-
volved in the regulation of GnRH secretion and mRNA expression.
Activation of calcium, cAMP [167]), PKC (protein kinase C)
(161,167). and PKA (protein kinase A) [24,161] paihways were
found te induce GnRH secretion from GT1 neurons. [nterestingly,
the activation of calcium, cAMP, and PKC decreased GnRH mRNA
expression [167].

The regulation of GhRH gene expression and secretion, as
illustrated above, is highly complex and ccecurs through several
avenues. Autocrine signals promote the switch from basal to
surge-like secretion of GnRH Inducing ovulation, while paracrine
signals such as melatonin and insulin control reproductive func-
tion according to seasonfphotoperiod and nutritional status.
Reproductive function duriog pregnancy, postpartum, and lacta-
tion is regulated in part by prolactin effects on GnRH. Although
regulation of normal reproductive function is complex, studies
from clanal cell lines have begun to characterize the key signaling
mechanisms.

4.3. Regulation of the GuRH afferents NPY and kisspeptin

Neuropeptides are integral to the regulation of reproduction in
part by mediating indirect effects of estrogen on GnRH neurons
through paracrine signaling. In vivo studies demonstrate that estro-
gen affects NPY expression [1,141]. However, because it was uncer-
tain whether these effects were direct or indirect, by wvsing
immortalized neuronal cell lines developed in our laboratory we
were able to investigate the direct actions of estrogen on the NPY
neuron. Using N-38 (mHypoE-38) and N-42 {mHypoE-42), neuro-
nat cells lines that express NPY, ER¢, and ER] we investigated the
effects of 17p-estradiol on the regulation of ERs and NPY mRNA
expression. In N-38's, 17p-estradiol regulated ERe. mRNA and pro-
teit expression in a biphasic manner, beginning with an initial in-
crease, but was later repressed by 17f-estradiol, while ER]) slowly
increased expression aver time (Fig. 3A) [150}. NPY mRNA expres-
sion was initially repressed and overtime was greatly increased
by 17p-estradiol (Fig. 3B). These results raise the intriguing possi-
bitity that NPY mRNA expression in N-38 is dependent on the
ER~/ERP ratio and that the increase in ERp levels is an important
factor in the increase in NPY mRNA expression. [nterestingly, the ef-
fects of 17p-estradiol on ERx and ERp expression in N-42 neurons
were strikingly different, as the expression of both receptors was
steadily repressed. Additionally, the estrogen-mediated repression
of NPY in N-38 was mapped to the 5' regulator region. Finally, by
using small-interfering RNA knockdown of each ER subtype the
repression of NPY mRNA gene expression by 17p-estradiol in NPY
expressing N-38 neurons was found to be mediated by both ERs,
whiie the induction was solely through ERQ. Further investigations
inte the signaling mechanisms activated by 17p-estradiol in N-38,
NDPY neurons. demonstrated that Akt and ERK1/2 are rapidly acti-
vated by 1 7{)-estradiol (Fig. 3C and D) and that the P13 K and MAPK
pathways ave both involved in the activation of these signaling nol-
ecules. Furthermore, the selective ER% agonist, PPT, activated Ake,
ERK1j2 and CREB (Fig. 3C and D). Importantly, activation of the
P13 K and MAPK pathways were found to mediate the 17p-estra-
diol-induced repression and induction of NPY mRNA levels
(Fig, 3E)[151]. This indicates that early membrane signaling events
may potentiate or amplify the long-term transcriptional response.

The differing effects observed in the above study between the
mHypoE-42 and mHypoE-338 clonal cell populations can be attrib-
uted to the diffeting phenotypes of the two cell Jines, indicating
that they are different neuronal subtypes. In vivo, it is unknown
how many subtypes of NPY neurons exist, nor for any other neuro-
peptide neuronal phenotype, Each cfonal cell line developed may
represent a different subtype of a specific neuropeptide and may
thus allow for studies investigating how each neuronal subtype
differs in both the mechanisms through which it is regulated and
the mechanisms through which it can signal to and regulate other
nevrons. GT1-7 neurons, although classically known for their
GnRH-secreting characteristic, also basally secrete kisspeptin
{121}, Not anly does kisspeptin increase GnRH secretion in GT1-7
cells, but, GnXH decreases kisspeptin secretion. suggesting that
autocrine regulation of these systems in the GT1-7 cell involves
negative feedback mechanisms [121]. The effect of 17§-estradiol
on Kiss and GPR34 mRNA levels in GT1-7 cells was investigated
and Jocabi et al. found that long term exposure (24 i} to 17-estra-
diol increased mRNA expression levels of both genes [80]. Because
NPY has been implicated as a very important inetabolic regulator
of reproduction tuque et al. investigated the potential cole of
NPY in kisspeptin regulation. Initial studies using NPY knockout
mice demonstrated that in the absence of NPY, kisspeptin mRNA
expression was attenuated, suggesting a regulatory rote, either di-
rectly or indirectly, for NPY on kisspeptin [97]. By using the hypo-
thalamic cell line, N-6 (mHypoE-6), the potentiai direct effects of
NPY on Kisspeptin expression were investigated. N-6 cells were
confirmed to express NPY receptors, Y1-¥6, GPR34, and kisspeptin
and were found te express higher levels of kisspeptin mRNA when
treated with NPY [97].

The use of immortalized, clonal cell lines has been instrumental
towards our current understanding of GrRH neuronal function.
These studies have allowed a detailed study of the molecular
events in the whole animal. An excellent example of this is the
finding that the GnRH neuron was controlled by the glutamate, i«
tric oxide, cGMP signaling pathway in the GT1-7 neurons [15,17]. A
number of years later, it was confirmed that the specific kneckout
of neuronal nitric oxide synthase indead had major effects on the
reproductive axis and this could be traced to a direct action at
the level of GnRH synthesis [89]. Similarly, using the information
gained from this important model system [15,100,146], research-
ers have been able to return to the animal model with renewed fo-
cus, resulting in new insights into the role of GnRH neurons ia
normal reproductive physiology [22,87,113,117).

5. Clrcadian rhythins

The rhythmic nature of our enyirenment dictates that there will
be a changing availability of resources at any given time. In this dy-
namic setting it is essential for organisms to maintain cellular and
behavioral homeostatic efficiency. Te maintain this optimal eff-
ciency, an jnnate cellular chythm generating machinery has
evolved that enables organisms to adapt to these cyclic environ-
mental changes by prepaving cells for periodic stimuli during the
24-h day. The rhythm generator exists in even the simplest cyane-
bacteria and has become more complex as the changing needs of
the organisms have evolved. As evolution progressed and multicel-
Jular eukaryotic erganisms could no longer rely on direct cellular
photic stimuiation, crganized neural and humoral machinery
developed. In higher animals, such as mammals, these signals are
coordinated by a core circadian oscillator or master ¢lock, This
master clock is situated within the mammalian suprachiasmatic
nucleus {SCN) of the hypothalamus. Signals from the SCN lead to
thythm entrainment within other cells allowing for a healthy re-
sponse ro externat stimuli through smooth eperation of the circa-
dian system.
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The circadian system is distinguished by positive and negative
transcriptionftranslation cycles within the cell and posttransla-
tional signal transduction cascades (Fig. 4A). Approximately, 10%
of the transcriptome is controlled by the circadian rhythm genera-
tor [147,147]. While this number does not initially seem signifi-
cant, the transcripts controlled in a rhythmic fashion are the
rate-limiting enzymes for virtually every precess within the cell.
Additionally. in an elegant study on the hepatic protecime, Reddy
et al. showed thal over 20% of prateins within the cel) are cyclic
{125]. Interestingly, nearly half of these proteins lacked an oscillat-
ing transcript suggesting that post-translational processing occurs
in a circadian and chythmic fashion {124]. That we have elucidated
this much about the nature of circadian biology is due largely to
studies at the celluwlar level.

5.1 Early cell-based circadian research

During the 1970s and through the 1980s avian pinealocytes
were extracted and cultured to study the mechanics of the circa-
dian system within vertebrates. Dissociated pinealocyte cultures
demonstrated that individual cells could exhibirt escillatory proper-
ties, express photoreceptors and synthesize melatenin [44-46).
However, the pinealocyte model has yet to be efficiently trans-
formed and se interventions at the molecular level in the pineato-
cyte have yet to be performed. Much of the cucrent knowledge of
the biochemical circadian system owes its ancesiry to initial stud-
ies in Neurospora crassa and Drosophila melanogaster. The molecu-
lar clock was Brst characterized within bread mould and the fruit
fly in the early 1980s. Classical and molecular genetic rescarch
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yielded the first mammatian homeleg of the fly system in 1997, the
protein CLOCK. Further genomic research revealed many more
mammalian homologs indicating that a mammalian model was re-
quired for continued research into mamimalian ¢ircadian rhythmic-
ity. As a result, mammalian cetinal cells and SCN explants were
cultured, as it was recognized that these areas exhibited innate
ascillatory properties and had measurable endecrine gutputs such
as arginine vasopressin. But primary retinal and neuronal cultures
are heterogeneous and only suitable for single interventions that
often lack a genetic basis unless the primary culture came from a
knock out or transgenic mouse madel. With the advent of cell line
development this has rapidly changed the understanding of the
mamnralian circadian system.

5.2, Clocks in peripheral cell lines

Initially circadian studies in cell lines were not thought to be
advantageous as the circadian clock did not appear to cycle. How-

ever, in 1998 it was discovered that immortalized rat-1 fibroblasts
could be synchronized with a serum Golus [ 1], After synchroniza-
tion, the fibroblasts demanstrate predictable pattecns of ctock gene
transcription for up to three 22.5 h periods, From this study it was
ascertained that a serum shock could mimic light-induced imme-
diate early gene expression in a non-photoreceptive cell model.
Balsalobre et al. then went on fo prove that glucocorticoids could
reset and synchronize rat-1 cultures, leading to the discovery that
unlike central oscillaters which are responsive to phase shifting at
certain pericds, peripheral oscillators retain the ability to be phase
reset throughout different periods of the day [12]. Further, this
group identified numerous signaling pathways including those
for cAMP, Ca®*, and protein kinase € {PKC) as being capable of elic-
iting changes in rat-1 fibroblast circadian gene expression and
rhythmicity (13]. Two separate groups stably transfected the rat-
| fibrablast cell lines with reporter constructs for real tivie imag-
ing. Through this technique it was successfully proven that the
rhythms wichin the rat-1 lines are indeed true circadian rhythms,
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as they exhibit robust terperature compensation [79] and that
individual peripheral cells in culture do cycle over 24 h, but lose
their synchreony with their neighbours through fack of cell coupling
[158). This imodel was then expanded using the murine NIH-3T3
fibroblasts where it was discovered that the MAP kinase signal
transduction pathway was also invelved in the setting of the
peripheral circadian clock in response to a potent PKC activator
12-0-tetradecanoylphoriol-13-acetate (TPA) administration andf
or serum bolus |2]. Further work with the NIH-3T3 fibroblasts
etaborated on the mechanisms of nucleocytoplasmic shuttling of
BMAL1 [149), circadian temperature compensation [152], the
importance of casein kinase 1 epsilon (CK1g) te the stability of
the period proteins [3] and that prostaglandin E2 could be used
as a zeitgeber in cell culture studies [153]. Additional fibroblast-
based studies involving the use of mouse embryonic fibroblast
{MEF) cells has allowed for elucidation of alterations in the circa-
dian system within transgenic meuse models, an innovation that
removes the necessity for ptasmid transfection or transduction,
Notably, Hirayama et al, used MEF cells from BMALT knock out
mice to prave that a nwtant BMAL1 protein could not restore
rhythmicity when it is unable to be acetylated by CLOCK [73].

Relatively little has been elucidated in the field of circadian
rhythms in other tissue specific peripheral immortalized lines. In
ourlab, Chalmers et al. used the MOVAS-1 murine aostic smooth mis-
cle cell fine to clarify the expression of circadian rhythms in vascula-
ture remodeling genes and the similarity in the circadian expression
of these genes invivo [3t]. We also went onto characterize the expres-
sion of neuroendocrine genes in the heart and further elucidated the
circadian profiles of proopionielanocortin gene expression in the
healily and hypertrophied heart and MOVAS-1 cells [30].

Human cell Hines have been used in cancer studies te elaborate
on the link between circadian rhythmicity and cell cycle progres-
sion {155]. These cell lines include the HEK293 kidney cells, Hela
cervical cancer cells and the NHF-1 fibroblastic cells. Further, a
group has recently established a stably transfected human retinal
pigment epithelial (hTERT) cel) line that expresses luciferase under
the control of the BMAL1 prometer to elaborate on the nature of
retinal circadian rhythms and photoresponsiveness [166].

5.3, Clocks in SCN renronal cell lines

In addition to the important innovations accomplished through
the use of peripheral cell lines, in 1999 Earnest et al, successfully
established embryenic rat SCN cel lines, named the SCN t.4 and
2.2 cells, that exhibit the functjonal characteristics of SCN neurens
and exist in immortalized cuiture {49}, These cells are a heteroge-
neeus population of cells and exhibit pacemaker potential and
chythmic expression of clock gene mRNAs, 2-deoxyglucose (2-
DG) uptake and bone-derived neurctropic factor (BDNF} expres-
sion, much like the intact SCN [50]). These cells were further char-
acterized and found to express a broad range of clock genes, and
circadian regulatory pathways [76]. Additionally, the SCN2.2 cells
were able to be phase shifted with a glutamatergic stimulus, sim-
flar to the SCN in vivo [77].

Of key importance, the SCN2.2 neurons were also able to restore
behavioral rhythms when transplanted inte archythmic, SCN-le-
sioned rats; an effect that was not reproducible with imnortatized
mesencephalic or fibroblastic cells 150]. This finding represents an
incredibly important innovation in cetl tine usage. While the
SCN2.2 neurons are immortalized, they have retained enough of
their neurcnal SCN phenotype to function appropristely in the
in vivo context. This macks a fundamental keystone in the potential
usage of immortalized cell )ines in the treatment of in vivo
disorders.

Further work with the SCN2.2 cells has highlighted valuable
information about the study of ciscadian rhythms. The SCN2.2 cells

were able to synchrenize rat-1 fibroblasts in co-culture through
diffusible signals |4). While in co-cultuce, the SCN2.2 cells con-
ferred rhythms within the rat-1 fibroblasts in their metabolic and
clock gene expression with a 4 h delay, similar to the phase-shift
delay seen between the SCN and periphery in vivo. Interestingly.
only co-culture with the SCN2.2 was able to confer metabolic
thythmicity in the rat-1 fibroblasts; whereas serumn sfiock was only
able to synchronize gene expression. This effect suggests that dif-
fusible signals from the SCN are required for metabolic cyclicity,
whereas serum belus only confers a synchronization of the molec-
ular clock. The SCN2.2 cells were then assayed with real time aral-
ysis of a human c-fos reporter gene to catalog their responses to
secum and potassium chloride {[CCI). [t was determined that the
SCN2.2 cells exhibited a similar patiern of c-fos reactivity as the
SCN in vivo [5{. Allen et al. then proceeded to assay the importance
of CLOCK in the SCN2.2 and rat-1 fibroblast lines by transfecting
the cell lines with anti-sense RNA for CLOCK. Subsequently, they
found that disruption of CLOCK in the SCN2.2 neurons altered
cyclicity of period gene expression and 2-DG uptake, They also
reiterated these findings in the rat-1 cell lines, but then surpris-
ingly found that even with antisense inhibition of CLOCK the rat-
1 celf lines could be synchrenized to cycle with a serum shock indi-
cating that the SCN and periphery have different entrainable stim-
uli [6).

Other groups have elucidated a variety of important circadian
findings that bolster the applicability of the SCN2.2 cells as a circa-
dian model] including: the circadian expression of nicotinamide
adenine dinucleotides within the SCN2.2 cells [163], the function-
ality of melatenin receptors within the SCN2.2 cells [127], a rhyth-
micity of PKC with melatonin administration {126}, the impertance
of veltage-dependent calcitm channels in SCN and SCN2.2 thyth-
micity [111] and a temporal desensitization of MT2 receptors with
melatonin administration that allows a cyclic sensitivity of the SCN
to melatonin [61). All of these studies have helped to reiterate find-
ings found within the explanted SCN, however, now exist in a mod-
el that has vastly greater potential for genetic and molecular
intervention.

Recently, two additional SCN cell lines have been generated: the
N14.5 cells, which are SV40-temperature sensitive ventrelateral
SCN neurons developed for glutamatergic/photic entrainment
studies [£02}; and the perl-luciferase expressing RS182 cells
[85]. Purther circadian research with these new models is forth-
coming and will likely shed further light on the field of circadian
rhythms.

5.4. Circadian studies in Nen-SCN neuronal celf lines

Owing to the relative shortage of neuronal cell lines for this iype
of work, there is a3 limited amount of data ahout the cyclicity of the
circadian clock within non-SCN neurenal cell lines. Much of the
existing data from nen-SCN neuronal cell lines was elucidated
using the immortalized GnRH-expressing GT1-7 cells. Chappell
et al elucidated that GnRH secretion is altered by perturbation of
the molecular clock. Over-expression of a dominant-negative
Clock-Deltal9 protein reduced mean pulse frequency of GnRH
secretion. Further, over expression of mCryl increased pulse
amplitude of GnRH secretion, but did not affect overall frequency
[33]. Research from our tab showed that the GT1-7 neurons contain
functional melatonin receptors on the GT1-7 GnRH neurons and
we clarified the actions of melatanin on the gene expression of
GnRH over 24 h. We mapped the regions of melatonin responsive-
ness on the GnRH promoter and showed the first evidence of direct
melatonin action on GnRH neurons [G4,130). We further elucidated
the signaling cascades of melatonin within these pulsatile neuronal
madels. We were able to determine that melatonin signaling acts
through multiple pathways including inhibition of the forskolin-

(2009), doi: 10,1016/j.yfrne.2009.03.005

Please cite this article in press as: C.M, Mayer et al, Hypothalamic cell Jines to investigate neuroendocrine contro! mechanisms, Front. Neuroendocrinol,




CM. Mayer et ol / Frondiers in Netiroendoctinology xxx {2009) xex-xxx i3

induced increase in cAMP and activation of PKC, MAPK and the
immediate carly genes. We also determined that these pathways
are invalved in the melatonin-mediated decrease in GnRH secre-
tionr [131]. Finally, we weit on to fully characterize the circadian
gene expression and protein profiles within the GT1-7 neurons.
The GT1-7 neurens express clock, BMALIL, timeless (tim), period!
fperl), perivd2 (per?), cryptochromel (cryl) and cryplochrome?
{cry2). Of these transcripts BMALY, pert, per2 and GnRH mRNA
expression was assayed over 54 lvand the transcripts were found
to cycle over 24 h (Fig. 48-E). Accordingly, the protein levels of
BMAL1 oscillated as well [G3].

Further studies frem our laboratory have exploiled the novel
generation of an array of clonal hypothalamic neurenal models
[18]). We have successfully characterized the circadian profiles
within multiple cell lines including the mHypoE-44, -42, -36{1, -
36/2 and -39 neuronal medels and have found that they represent
an excellent model for neuronal circadian research outside the
SCN. These cetl lines express phenotypically distinct expression
profiles of neuropeplides, receptors and signaling molecules. ln
addition to characterizing the clock gene proliles of these neurons
~ clack, BMALY, timeless (tim), period] (perl), period2 (per?),
cryptochromel (cryl) and cryptochrome? (cry2) - we have also
generated a circadian gene expression profile for a number of
important neurepepticdes including the orexigenic: neuropeptide
¥ (NPY), preproghrelin and agouti-related peptide {AgRP): and
the anorexigenic corticotropin-releasing hormone (Crh), neuroten-
sin (NT) and neuromedin U (NMU) (L, Fick and D.D. Belsham,
unpublished cata). Interestingly, there appears to be inductive,
but nat cyclic, expression in NPY and NT gene expression following
serum shock, but AgRIP cycles over 24 h. Interestingly, both Crh and
NMU exhibit ultradian {<24 h) rhythms. Preproghrelin oscillates,
Lut without a fixed period. These are the first medels to demon-
strate direct rhythmicity within a single neuronal phenotype. We
[urther elucidated the role of nutrient signals en the circadian sys-
tem and discovered that palmitate, a 16-carbon saturated fatly
acid, blunted clock cyclicity within the mHypol-44 neurons and
elevated orexigenic neurapeplide gene expression, Additionally,
fructose administration reduced NMU gene expression, indicating
a role for sugars iy the abrogation of anorexigenic neuropepticde
signaling. Purther research into the mechanisms of these findings

Feeding-related
neurens

R
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is currently under way. The use of cell lines will uftimately allow
a characterization of the molecular mechanisms controlling circa-
dian neuaronal gene expression, whether the classic ciock genes
are directly involved in this process, and how these chythunic pat-
terns of expression can be disturbed by peripheral and central sig-
nals, pechaps teading to circadian disruption and disease.

6. Conclusion

Elucidating the functions of the hypothalamus is essential to
generating an understanding of ow the brain orchestrates many
important processes vital to life. The hypothalamus is the seat of
neureendocerine control and as such is responsible for the regula-
tion of feeding, reproduction and the coordination of circadian
riwythmicity (Fig. 5). However, the location and heterogeneic nat-
ure of the hypothalamus precludes easy determination of its mech-
anisms within in vivo situation. This state of affairs has been
rapidly altered with the advent of hypothalamic cell lines. Clonal
atel nucleus specific hypothalamic cell lines have permitted the
clarification of many neuronal mechanisms that until now had
been virtually impossible to determine. As discussed in this review,
the knowledge gained from using cell lines representative of a sin-
gle neuronal phenatype include analyses of neuropeptide gene
expression, genetic intervention using RNAi and plasmid transfec-
tion, secretion, signal transduction, 5° regulatory region control, ion
channel function, peripheral hormene and factor responsiveness,
amd global microarray and proteomic data. While technology
closes the gap between current in vivo technigues and future as-
says which will allow for single cellular analysis in situ, in the in-
terim, cell lines have proven themselves invaluable as the
workliorses of molecular bicluogy within the hypothalamus and
throughoul the entire organism.

This review has highlighted the roles of hypothalamic cell lines
in advancing the fields of feeding, reproduction and cizcadian
rhythms (Table 2). While these three fields are the most heavily
studied and have an essential impact on the health sector, lurther
research with hypothalamic cell tines shauld yield novel informa-
tion about these and the many other vital and ubiquitous functions
of the hypothalamus. Future studies made possible by the advent
of hypothalamic cell lines may include elzaboration on gene expres-

GnRH ncurons

Eslrogen
MPY
Kigst

tleiaton:n

SCN neyrons

Fig. 5. Summary of hypothalamic neuronal interaction. The hypothalamus contains a complex interacting aetwork ol neurens. This network inciudes leeding-related, SCN
and GnkH peurons. Feeding-related neurons can integrate peripheral signals, inclinding insulin, leptin and glucose, as well as communicate 1o GnRIT and SCN neurons. The
SCN neurons recerve tput fromt melatonin and other neurons, such as the feeding-related neurens, and communicate (o both the feeding-related and GnRH newrons. I
contrast GnRiL neurans only receive input from other hypethalamic nevrons, including the (eeding-related and SCN neurons. As weil. they integrate signals from
nevropeptides and hormenes, uicluding NPY. Estrogen, Kiss1 and melatonin. This ligure indicates the integration between the nearans within these three systems and sivows

the celation hetween the hyputhalanic areas tegulabing eneigy hameostasis, circadian dhythims and weproduction,
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sion, signal transduction in neurons, drug discovery, receptor clon-
ing and characterization, ien channel function, phenctypic profil-
ing of individual neuronal cell types, neuron-neuren interactions
and communication, and numerous others, Cell line studies and
in vivo research are complementary to each other; and, as demon-
strated within this review, both models have been used effectively
in concert to elucidate the mechanisms of aur physiology. Cell line
usage is an invaluable asset that can expand upen the molecular
basis of knowledge gathered in the in vivo situation. Cell lines
can be used for hypothesis clarification or as a preliminary tool
upon which to base hypothesis, Together cell lines and in vivo re-
search represent different, but equally important metheds for
achieving the same goal - knowledge of cur physiology and an
understanding of how we can use that information to advance
health and treat disease,
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found in cultured GnRH nevrons and mouse hypothalamus, |, Biol. Chem. 272
{1997} 12620-12625.
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Plasmid Name

Alt Names
Source/\Vendor
Plasmid Type
Viral/Non-viral
Stable/Transient
Constitutive/Inducible
Promoter
Expression Level
Plasmid Size
Sequencing Primer

Sequencing Primer
Sequence

Bacterial Resistance
Mammalian Selection
Notes

Catalog Number
Plasmid Sequence

pcDNAS.1/Hygro(+)
pcDNA 3.1 Hygro (+)
Invitrogen
Mammalian

Nonviral

Transient
Constitutive

CMV

High

5597

T7 Fwd
5'd[TAATACGACTCACTATAGGG]3'

Ampicillin
Hygromycin

Differs from other pcDNA3.1 in drug resistance; +/- refers to orientation of f1

Ofl.
V87020

View Sequence
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tronisny Material Safety Data Sheet

Revmlon Date 17 Apr-ZDDG

Product code 350675
Product name pcDNA3. 1/Hygro {+)

Contact manufacturer
INVITROGEN CORPORATON
1600 FARADAY AVENUE

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
2270 INDUSTRIAL STREET
BURLINGTON, ONT

CANADA L7P 1A1
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health.

Form
Solid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information availabie
Mutagenic effects No information available
Reproductive toxicity No information available

Page 1/4



Sensitization No information available

Target Organ Effects Ne information available

. 4;FIRST AID MEASURES .

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, afso under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically

FIREFIGHTING MEASURES

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefightets

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent matedial
Handling No special handiing advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventifation, especially in confined areas

Personal profective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves

Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing

Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure  Prevent product from entering drains

controls

General information

Form Solid

Important Health Safety and Environmental Information
Boiling pointirange °C No data avallable  °F No data available
Meiting point/range °C No data availabie  °F No data available
Flash point °C No dafa available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
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Water solubility No data available

~ . 10. STABILITY AND REACTIVITY

Stability Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation dees not ocour

1. TOXICOLOGICAL INFORMATION .~

Acute foxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion Ne information available
Specific effects
Carcinogenic effects No informaticen available
Mutagenic effects No information availabte
Reproductive toxicity No information available
Sensitization No infermation available
Target Organ Effects No information available

Ecotoxicity effects No information avaifable.
Mobifity No information available.
Biodegradation Inherently biodegradable.
Bicaccumulation [Does not bioaccumulate.

13. DISPOSAL CONSIDERATIONS =

Dispose of in accordance with local regulations

IATA
Proper shipping nhame Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available
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.- 15. REGULATORY INFORMATION

International tnventories

U.8. Federa! Regulations

SARA 313
Not regulated

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product cortains the following HAPs;

U.5. State Regulations

California Proposition 65
This preduct contains the following Preposition 85 chemicals:

WHMIS hazard class;
Non-contrelled

This product has been classified according to the hazard eriteria of the CPR and the MSDS centains all of the information required by

the CPR

This materfal is soid for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It s not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

16. OTHER INFORMATION

The above information was acquired by diligent search and/or investigation and the recommendaticns are based on
prudent application of professionat judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. Al materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein, THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.
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pEGFP-C3 Vector information PT3052-5
GenBank Accession #: 57607 Catalog #6082-1

Ecod? Hl se7)
Age !l o)

Pomv e 8

pUC
ort

HSY TK cGEP

Ecoggg{l]? i poly A
pEGFP-C3 BsiG | (1323)
47kb SV40
Kan'/ poly A MCS

Neo’ {1328-1413)

Sv40 ori

PS Va0
2

Miu| (1838

! l
ori Sy
.

Dra il 1868y
St |
(2673)
133 1340 137 1384 370 1384 3% STOPs
TAC AAG TAG SCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TG ACG BTA £0G CGG GEC CGE BAT CCA [CG GAT CTA GAT AAC TGA TCA
Scal  Balll Xhat g\, Hiedlll  EcoRI™Pstl  Sall  HKpnl Apal N Bantll Xbal* Bell*
Eona il Acel Aspttdi \ Bspizn| Xmal
¢ Sacll Smal

Restriction Map and Multiple Cloning Site {MCS) of pEGFP-C3. All restriction sites shown are unique. The Bl | site
cannol be used for fusions since it contains an in-frame stop codon. The Xbal and Bl | sites (*) are methylated in the DNA
provided by BD Biesciences Clontech. If you wish to digest the vector with these enzymes, you will need to transform the
vector into a danr host and rmake fresh DNA,

Description:

pEGFP-C3 encodes a red-shifted variant of wild-type GFP {1-3) which has been optimized for
brighter fluorescence and higher expression in mammalian cells. (Excitation maximum = 488 nm;
emission maximum = 507 nm.) pEGFP-C3 encodes the GFPmut! variant (4) which contains the
double-amino-acid substitution of Phe-64 to Leu and Ser-85 to Thr. The coding sequence of the
EGFP gene contains mare than 180 silent base changes which correspond to human codoh-usage
preferences (5). Sequences flanking EGFP have been converted to a Kozak consensus transiation
initiation site (6) to further increase the translation efficiency in eukaryotic cells. The MCS in
pEGFP-C3 is between the EGFP coding sequences and the SV40 poly A. Genes cloned into the
MCS will be expressed as fusions to the C terminus of EGFP if they are in the same reading frame
as EGFP and there are no intarvening sfop codons. SV40 polyadenylation signals downstream of
the EGFP gene direct proper processing of the 3’ end of the EGFP mRNA. The vector backbone also
contains an SV40 origin for replication in mammalian cells expressing the SV40 T-antigen. A
neomycin resistance cassette (Neo”), consisting of the SV40 early promoter, the neomycin/
kanamycin resistance gene of Tn5, and polyadenyiation signals from the Herpes simplex virus
thymidine kinase (HSV TK} gene, allows stably transfected eukaryotic cells to be selected using
(G418. Abacterial promoter upstream of this cassette expresses kanamycin resistance in £, coli The
pEGFP-C3 backbone also provides a pUC origin of replication for propagation in E. coli and an f1i
origin for single-stranded DNA production.

{PR29969; published 03 October 2002)



pEGFP-C3 Vector Information

Use:

Fusions to the C terminus of EGFP retain the fluorescent properties of the native protein allowing the localization of
the fusion protein in vivo. The target gene should be cloned into pEGFP-C3 so that itisin frame with the EGFP coding
sequences, with no intervening in-frame stop codons. The recombinant EGFP vector cah be transfected into
mammalian cells using any standard transfection method. If required, stable transformants can be selected using
G418 (7). pEGFP-C3 canalso be used simply to express EGFP in a celitine ofinterest (.., as a transfection marker).

Location of Features:
» Human cytomegalovirus (CMV) immediate early promoter: 1-589
Enhancer region: 59-465; TATA box: 554--560
Transcription start point: 583
C—G mutation fo remove Sac| site: 569
» Enhanced green fluorescent protein gene
Kozak consensus transtation initiation site: 606-616
Start codon (ATG), 613-615; Stop codon: 1408-1410
Insertion of Val at position 2: 616-618
GFPmut1 chromophore mutations (Phe-64 to Leu; Ser-65 to Thr): 805-810
His-231 to Leu mutation (A—T): 1307
Last amino acid in wild-type GFP: 1327-1328
+ MCS: 1328-1413
» SV40 early mRNA polyadenylation signal
Polyadenylation signals: 1546—1551 & 15675-1580; mRNA 3" ends: 1584 & 1596
+ f1 single-strand DNA origin: 1643—-2098 {Packages the noncoding strand of EGFP)
Bacterial promoter for expression of Kan" gene
=35 region; 2160-2165; —10 region: 21832188
Transcription start point: 2185
» 8V40 origin of replication: 2439-2574
= SV40 early promoter
Enhancer {72-bp tandem repeats): 2272-2343 & 2344-2415
21-bp repeats: 24192439, 2440-2460 & 2462-2482
Early promoter element: 2495-2501
Major transcription start points: 2491, 2529, 2535 & 2540
» Kanamycin/neomycin resistance gene
Neomycin phosphotransferase coding sequences:
Start codon (ATG): 2623-2625; stop codon; 3415-3417
G-—A mutation to remove Pstl site: 2805
C—A (Arg to Ser) mutation to remove BssH || site: 3151
- Herpes simplex virus (H3V) thymidine kinase (TK) polyadenylation signal
Polyadenylation signals: 36533658 & 3666-3671
» pUC plasmid replication origin: 4002-4645

Primer Locations:
» EGFP-N Sequencing Primer (#6479-1). 679-658
- EGFP-C Sequencing Primer (#6478-1): 12661287

Propagation in E. coli:

» Suitable host strains: DH5w, HB 101, and other general purpose strains. Single-stranded DNA production requires
a host contalning an F plasmid such as JM108 or XL1-Blue.

« Selectable marker: ptasmid confers resistance to kanamycin {30 ug/ml) to £. cofi hosts.

+ E. coli replication origin: pUcC

+ Copy number: =500

« Plasmid incompatibility group: pMB1/ColE1

References:

Prasher, D. C., el al. {1992) Gene 111:229-233.

Chalfie, M., ef al, {1984) Science 263:802-805.

Inouye, S. & Tsuji, F. |. {1994) FEBS Lelters 341:277-280.

Cormack, B., et ai. {1996) Gene 173:33-38.

Haas, J., ef al. {1996) Curr, Biol. 6:315-324.

Kozak, M. (1987} Nucieic Acids Res. 15:8125-8148.

Gorman, C. (1885) In DNA Cloning: A Practical Approach, Vol, ii, Ed. Glover, D. M. {IRL Press, Oxford, UK} pp. 143-19G.
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pEGEP-C3 Vector Information

Note: The attached sequence file has been compiled from information in the sequence databases, published
literature, and other sources, together with partial sequences obtained by BD Biosciences Clontech. This vector has
not heen completely sequenced.

Notice ta Purchaser

Use of BD Biosciences Clontech’s Living Colors™ products containing DNA sequences coding for mutant Aequorea victoria green fiuorescent
protein (GFP) variants or proteins thereof requires a ficense from Amersham Biosciences under U.S. Patent Nos. 5,625,048, 5,777,079; 6,054,321
and other pending U.S. and foreign patent applications. In addition, certain BD Biosciences Clontech products are made under LS. Patent No.
5,804,387 licensed from Stanford University.

Nat-For-Profit research institutes or entities are granted an automatic license with the purchase of this product for use in nen-commercial internal
research purposes, the terms of which are disclosed in detail in the license that accompanies the shipment of this produet. Such license specifi-
cally excludes the right to sell or otherwise transfer this product or its components to third parties.

For-Profit research institutes or entifies must obtain a license from Amersham Biosciences. E-mail: gfp@amershambiosciences.com

Please contact BD Biosciences Glontech directly for any other assistance, including purchasing and technical support. All companies and
institutions purchasing Living Colors ™ prodiicts will be included in a guarterly report to Aurora Biosciences, as required by the BB Bioscierces
Clontech/Aurora Biosciences license agreement,

This product is intended to be used for research purposes only. Itis not to be used for drug or diagnostic purposes nor 1s it intended for humnan
use. BD Biosciences Clontech produsts may not be resold, medified for resale, or used to manufacture commerstal products without written
approval of BD Biosciences Clontech.

© 2002, Becton, Dickinson and Company

Protocol # PT3052.5 www.hdbiosciences.com BD Biosciences Glontech
Version # PR29969 3
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PT3259-5
Catalog #6076-1

pECFP-C1 Vector Information

Nhe |l 532)
Ecod7 M (s97)
Age | 501}

Eco0109 |
(3854)

BsrG | 1323

MCS
(1330-1417)

SVa0 ori

PS\MU
e

Af (1638)

Stu|
19577)

pppp 130 1340 1350 1360 1370 1380 1390 1400 _&
—_—r . » .

TAC AAG TCC 6GA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GET ACE GCE GGE CCG GGA TCT ACC GGA TCT AGA TAA CIG ATC A
BspE| Bglll Xhol “} | Hind Nl EcoRI  Pstl  Sall  Kpal I Apal '~ BamH| Xbal* Bell*
ac Acel Asp718 o BsP1201 Xmal

Echi3s |l

Restriction map and multiple cloning site (MCS) of pECFP-C1. Unique restriction sites are in bold. The Xba | and
Bell sites (*) are methylated in the DNA provided by BD Biosciences Clontech. If you wish to digest the vectors with these
enzymes you will need to transform the vector into a dam~ host and make fresh DNA.

Description

pECFP-C1 encodes an enhanced cyan fluorescent variant of the Aequorea victoria green fluores-
cent protein gene (GFP). The ECFP gene contains six amino acid substitutions. The Tyr-66 to Trp
substitution gives ECFP fluorescence excitation (major peak at 433 nm and a minor peak at 453 nm)
and emission (major peak at 475 nm and a minor peak at 501 nm) similar to other cyan emission
variants (1-3). The other five substitutions (Phe-84 to Leu; Ser-65 to Thr; Asn-146 to lle; Met-153
to Thr; and Val-163 to Ala) enhance the brightness and solubility of the protein, primarily due to
improved protein-folding properties and efficiency of chromaphore formation (2, 4, 5).

In addition to the chromophore mutations, ECFP contains >190 silent mutations that create an open
reading frame comprised almost entirely of preferred human codons (6). Furthermore, upstream
sequences flanking ECFP have been converted (o a Kozak consensus translation initiation site (7).
These changes increase the translational efficiency of the ECFP mRNA and consequently the
expression of ECFP in mammalian and plant cells.

The MCS in pECFP-C1 is between the ECFP coding sequence and the stop codon. Genes cloned
into the MCS will he expressed as fusians ta the C-terminus of ECFP if they are in the same reading
frame as ECFP and there are no intervening in-frame stop codons. ECFP with a C-terminal fusion
moiety retains the fluorescent properties of the native protein and thus can be used to localize fusion
proteins in vivo.

The vector contains an SV40 origin for replication and a neomycin resistance (Neo’) gene for
selection (using G418) in eukaryotic cells. A bacterial promoter (P) upstream of Neo’ expresses
kanamycin resistance in E. coli. The vector backbone also provides a pUC19 origin of replication far
propagation in E. colf and an f1 origin for single-stranded DNA production.

(PR29964; published 03 October 2002)



pECFP-C1 Vector Information

The recombinant ECFP vector can be transfected into mammalian cells using any standard transfection method. If
required, stable transfectants can be selected using G418 (8). pECFP-C1 ¢an also be used simply to express ECFP
in a cell line of interest (e.g., as a transfection marker).

Location of features
* Human cytomegalovirus (CMV) immediate early promoter: 1-589
Enhancer region: 59-465; TATA box: 554-560; transcription start point: 583
C—G mutation to remove Sacl site: 569
+ Enhanced cyan fluorescent protein gene
Kozak consensus translation initiation site; 606-616
Start codon (ATG): 613-615; stop codon: 1408-1410
Insertion of Val at position 2: 616-618
ECFP mutations (Phe-64 to Leu; Ser-65 to Thr; and Tyr-66 to Trp): 805-813; Asn-146 to lle: 1051-1053;
Met-153 to Thr: 1072-1074; Val-163 to Ala: 1102-1104
His-231 to Leu mutation (A—T). 1307
Last amine acid in ECFP coding region; 1327-1329
+ MCS: 1330-1417
+ 5V40 early mRNA polyadenylation signal
Polyadenylation signals: 1550-1555 & 1579-1584; mRNA 3' ends: 1588 & 1600
+ f1 single-strand DNA origin: 1647-2102 (Packages the noncoding strand of ECFP.}
+ Bacterial promoter for expression of Kan' gene.
—35 region; 2164-2169; —10 region; 2187-2192
Transcription start point: 2199
+ 8V40 origin of replication: 2443-2578
+ SV40 early promoter
Enhancer {72-bp tandem repeats}): 2276-2347 & 2348-2419
21-bp repeats: 2423-2443, 2444-2464 & 2466-2486
Early promoter elemeni: 2499-2505
Major transcription start points: 2495, 2533, 2539 & 2544
+ Kanamyecin/neomycin resistance gene
Neomycin phosphotransferase coding sequences:
Stait codon (ATG): 2627-2629; stop codon: 3419-3421
G—A mutation to remove Pst | site: 2809
C—A (Arg to Ser) mutation to remove BssH |l site: 3155
* Herpes simplex virus (HSV) thymidine kinase {TK) polyadenylation signal
Polyadenylation signals; 3657-3662 & 3670-3675
« pUC plasmid replication origin: 40064649

Primer Locations:
+ EGFP-N Sequencing Primer (#6479-1): 679-658
+ EGFP-C Sequencing Primer (#6478-1); 1266-1287

Propagation in E. coli:

+ Suitable host strains: DH5a, HB101, and other general purpose strains. Single-stranded DNA production requires
a host containing an F plasmid such as JM109 or XL1-Blue.

+ Selectable marker: plasmid confers resistance to kanamycin (30 pg/ml) to E. coli hosts.

+ E. colireplication origin: pUC

* Copy number; =500

+ Plasmid incompatibility group: pMB1/ColE1

References:

1. Heim, R., et al. (1994) Proc. Natl. Acad. Sci. USA 91:12501-12504.

2. Heim, R. & Tsien, R. Y. (1996} Curr. Biol. 6:178-182.

3. Miyawaki, A., et al. (1997) Nalure 388:882-887.

4. Cormack, B., et al. (1986) Gene 173:33-38.

5. Yang, T.T., et al (1986) Nucleic Acids Res. 24:4592-4593.

6. Haas, J., ef al. (1996) Curr. Biol. 6:315-324.

7. Kozak, M. (1987) Nucleic Acids Res. 15:8125-8148.

8. Gorman, C. (1985} In DNA Cloning: A Practical Approach, Voi. Il, Ed. Glover, D. M. (IRL Press, Oxford, UK), pp. 143-190.

BD Biosciences Clontech www.bdbioscierces.com Protocol # PT3259-5
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pECFP-C1 Vector information

Note: The attached sequence file has been compiled from information in the sequence databases, published
literature, and other sources, together with partial sequences obtained by BD Biosciences Clontech. This vector has
not been completely sequenced.

Notice to Purchaser

Use of BD Biosciences Clontech's Living Colors™ products containing ONA sequences coding for mutant Aeguorea victoria green fluorescent
protein {GFP) variants or proteins thereof requires a license from Amersham Biosciences under U.S. Patent Nos, 5,625,048;5,777,079; 6,054,321
and other pending U.S. and foreign patent applicalions. In addition, certain BD Biosciences Clontech products are made under U.S. Patent No.
5,804,387 licensed from Stanford University.

Not-For-Profit research institutes or entities are granted an automatic license with the purchase of this product for use in non-commercial internal
research purposes, the terms of which are disclosed in detail in the license that accompanies the shipment of this product. Such license specifi-
cally excludes the right to sell or otherwise transfer this product or its components to third parties.

For-Profit research institules or entities must obtain a license from Amersham Biosciences. E-mail: gfp@amershambiosciences.com

Please contact BD} Biosciences Clontech directly for any other assistance, including purchasing and technical support. All companies and
institutions purchasing Living Celors™ products will be included in a quarterly repert to Aurora Biosciences, as required by the BD Biosciences
Clontech/Aurora Biosciences license agreement.

This productis inlended to be used for research purposes only. Itis not to be used for drug or diagnostic purposes noris it intended for human
use. BD Biosciences Clontech products may net be resold, modified for resale, or used to manufacture commercial products without written
approval of BD Biosciences Clontech.

© 2002, Becton, Lickinson and Company

Protocol # PT3259-5 www.bdbiosciences.com BD Biosciences Clontech
Version # PR29964 3
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PEYFP-C1 Vector Information

Nhel 592
EcodT lll 597)
Agel son,

Eco0109
(3854)

pPEYFP-C1 BsiG | 1323)

4.7kb SVdD
Kan'/ poly A MCS
Neo' 1 (1330-1417)
SVdori o /SN
o
SVdQ
e A (1638)
Stul
{2577)
1330 1340 1350 1360 1370 1380 1390 1400 $TOPs
TAC AAG TCC GGA CTC AGATCT CGA GCT GAA GCT TCG AAT TCT GCA GTC GAC GGT ACC GCG GGC CCG GGA TCC ACC GGA TCT AGA TAACIGAIC A
Bspt | Bl Xhol Hind Il EcoR Sali  Kpnl Apal . BanH| Xbal* Bell*
Sac| Acel Asphg| Bsp12tl  Xmal
Echi3s I Sacll Smal

Restriction map and multiple cloning site (MCS) of pEYFP-C1. All restriclion sites are shown are unique. The Xbal and
Bcll sites (*) are methylated in the DNA provided by BD Biosciences Clentech. If you wish to digest the vectors with these
enzymes, you will need fo fransform the vector into a dam- host and make fresh DNA,

Description:

PEYFP-C1 encodes an enhanced yellow-green variant of the Aequorea victoria green fluorescent
protein (GFP). The EYFP gene contains the four amino acid substitutions previously published as
GFP-10C (1) Ser-65 to Gly; Val-68 to Leu; Ser-72 to Ala; and and Thr-203 to Tyr. The fluorescence
excitation maximum of EYFP is 513 nm; the emission spectrum has a peak at 527 nm (in the yellow-
green region). When excited at 513-nm, the E_of EYFP is 36,500 cm~'M~" and the fluorescent
quantum yield is 0.63 (1), resulting in a bright fluorescent signal. The fluorescence observed is
roughly equivalent to that from EGFP.

Amixture of EYFP- and EGF P-expressing cells can be sorted by flow cytometry using a single excitation
wavelength (i.e,, 488 nm). EYFP emission is detected using a 525-nm dichroic shortpass mirror and a
530/30-nm bandpass filter; EGFP emission is detected using a 510/20-nm bandpass filter.

In addition to the chromophore mutations, EYFP contains >190 silent mutations that create an open
reading frame comprised almost entirely of preferred human codons (2). Furthermore, upstream
sequences flanking EYFP have been converted to a Kozak consensus translation initiation site (3).
These changes increase the translational efficiency of the EYFP mRNA and consequently the
expression of EYFP in mammalian and plant cells.

The MCS in pEYFP-C1 is between the EYFP coding sequence and the stop codon. Genes cloned into
the MCS will be expressed as fusions to the C-terminus of EYFP if they are in the same reading frame
as EYFP and there are nointerveningin-frame stop codons. EYFP with a C-terminal fusion moiety retains
the fluorescent properties of the native protein and thus can be used to localize fusion proteins in vivo.

The vector contains an SV40 origin for replication and a neomycin resistance (Neo') gene for selection
(using G418) in eukaryotic cells. A bacterial promoter (P) upstream of Neo® expresses kanamycin
resistance in £. cofi. The vector backbone also provides a pUC19 origin of replication for propagation in
E. coli and an 1 origin for single-stranded DNA production. The recombinant EYFP vector can be

{PR22944; published 03 October 2002)



pEYFP-C1 Vector Information

transfected into mammalian celfs using any standard transfection method. If required, stable transformants can be selected
using G418 (4). pEYFP-C1canalso be used simply toexpress EYFP inacelllineof interest (e.g., as atransfection marker).

Location of features:
+ Human cytomegalovirus (CMV) immediate early promoter: 1-589
Enhancer region: 59--465; TATA box: 554-560; transcription start point: 583
C—G mutation to remove Sac | site: 569
* Enhanced yellow fluorescent protein (EYFP) gene:
Kozak consensus translation initiation site: 606-616
Start codon {ATG): 613-615; stop codon: 1408-1410
Insertion of Val at position 2: 616-618
GFP-10C mutations (Ser-65 to Gly: 808-810; Val-68 to Leu: 817-819; Ser-72 to Ala: 829-831; Thr-203 to Tyr:
1222-1224)
His-231 to Leu mutation (A—T}): 1307
Last amino acid in wild-type GFP coding region: 1327-1329
MCS: 1330-1417
SV40 early mRNA polyadenylation signal;
Polyadenylation signals: 15650-1565 & 1579-1584; mRNA 3' ends: 1588 & 1600
+ 1 single-strand DNA origin: 1647-2102 (Packages the nancoding strand of EYFP.)
+ Bacterial promoter for expression of Kan' gene:
~35 region: 2164-2169; —10 region: 2187-2192
Transcription start point: 2199
+ SV40 origin of replication: 2443-2578
* SV40 early promoter:
Enhancer (72-hp tandem repeats): 2276-2347 & 2348-2419
21-bp repeats: 24232443, 2444-2464 & 2466-2486
Early promoter element: 2499-2505
Major transcription start points: 2495, 2533, 2539 & 2544
+ Kanamycin/neomycin resistance gene;
Neomycin phosphotransferase coding sequences:
Start codon (ATG): 2627-2629; stop codon: 3419-3421
G—A mutation to remove Pst | site; 2809
C—A (Arg to Ser) mutation to remove BssH |l site: 3155
* Herpes simplex virus (HSV) thymidine kinase (TK) polyadenylation signal
Polyadenylation signals: 3657-3662 & 3670-3675
+ pUC plasmid replication origin: 4006-4649

-

Primer Locations:
* EGFP-N Sequencing Primer (#5479-1). 679-658
« EGFP-C Sequencing Primer (#6478-1). 1266-1287

Propagation in E. coli:

* Suitable host strains: DH5a, HB101, and other general purpose strains. Single-stranded DNA production requires
a host containing an F plasmid such as JM109 or XL1-Blue.

+ Selectable marker: plasmid confers resistance to kanamycin (30 ng/ml) to £. coli hosts.

+ E. colireplication origin: pUC

+ Copy number: =500

+ Plasmid incompatibility group: pMB81/CgclE1

References:
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Note: The attached sequence file has been compiled from information in the sequence databases, published
literature, and other sources, together with partial sequences obtained by BD Biosciences Clontech. This vector has
not been completely sequenced.
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Notice to Purchaser

Use of BD Biosciences Clontech's Living Calors™ products containing DNA sequences coding for mutant Aequorea victoria green fluorescent
protein (GFP}variants or proteins thereof requires a license from Amersham Biosciences under U.S. Patent Nos. 5,625,048; 5,777,072; 6,054,321
and other pending U.S. and foreign patent applications. In addition, certain BD Biosciences Clontech products are made under U.S. Patent No.
5,804,387 licensed from Stanford University.

Not-For-Profit research institutes or entities are granted an automatic license with the purchase of this product for use in non-commercial internal
research purposes, the terms of which are disclosed in detail in the license thal accompanies the shipment of this preduct. Such ficense specifi-
cally excludes the right to sell or otherwise transfer this product or its components to third parties.

For-Profit research institutes or entities must obtain a license from Amersham Bicsciences. E-mail: gfp@amershambiosciences.com

Please contact BD Biosciences Clontech directly for any other assistance, including purchasing and technical support. All companies and
institutions purchasing Living Colors™ products will be included in a quarterly report to Aurora Biosciences, as required by the BD Biosciences
Clontech/Aurcra Biosciences license agreement.

This product is intended 1o be used for research purposes only, Itis not to be used for drug or diagnostic purposes nor is it intended for human
use. BD Biosciences Clontech products may not be resold, modified for resale, or used to manufacture commercial products without written
approval of 8D Biosciences Clontech.
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