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History of cell culture, telomerase, and cell 
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Overview of hTERT immortalized cell lines from 
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Presenter
Presentation Notes
I will start by giving you an overview of the topics that I will cover during today’s webinar. First, I will briefly introduce the history of cell culture as an in vitro model system. I will also provide some background about telomerase and cell immortalization. Second, I will discuss several ways that investigators can use telomerase, to create their own immortalized cell lines. Next, I will provide an overview of the hTERT-immortalized cell lines that ATCC offers to the research community. And finally, I will use two hTERT-Immortalized cell lines - hTERT-immortalized Renal Proximal Tubule Epithelial Cells, and hTERT-immortalized Dermal Microvascular Endothelial Cells, as examples to demonstrate hTERT-immortalized cells provide unique in vitro models for biomedical research.[Next Slide]
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Who: Leonard Hayflick 
When: 1965 
Methods: Normal diploid cells were serially 
passaged in culture until they stopped 
dividing 
Institution: Wistar Institute 
Where: Philadelphia, PA, U.S.A 

Shay JW & Wright WE. Nature Reviews Molecular Cell Biology 1: 72-76, 2000 

Primary human cell strains each have a 
characteristic replicative lifespan or 
"doubling potential", and that this lifespan is 
an intrinsic characteristic that can differ 
between strains.   
• Phase I is the primary culture. 
• Phase II represents subcultivated cells during 

the period of exponential replication. 
• Phase III represents the period when cell 

replication ceases but metabolism continues. 
Cells may remain in this state for one year 
before death occurs. 

Inconvenience of primary cell culture 
The Hayflick Limit 

Presenter
Presentation Notes
Cells are the basic units of life and are also considered the basic units in many pathological processes, which make them a valuable research model. The concept of maintaining living cells separated from their original tissue source was first introduced in the 19th century, and had become a common laboratory practice by the mid-20th century. The use of animal and human cell cultures, such as immortal tumor cell lines, stem cells including the recently developed induced pluripotent stem cell lines, and primary cell cultures as in vitro models, are fundamental to today’s biomedical research.As we know, cells that are isolated and cultured directly from a tissue source are known as primary cells. Primary cell cultures are better than tumor cell lines at mimicking the normal in vivo physiology and thus generate more relevant data representing living systems. The difficulty, however, as Dr. Leonard Hayflick of the Wistar Institute showed in 1965, is that primary human cells have a limited lifespan or "doubling potential” in vitro. After a certain passages in culture, usually between 20 to 60 population doublings, depending on the cell type, cells move from the exponential growth phase into phase III or the senescent phase – this is demonstrated by the graph on the left. At this stage, cell replication ceases, but metabolism continues. The cells may remain in this state for up to a year before death occurs. This phenomenon is known as the Hayflick Limit.[Next Slide]
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Telomere and telomerase: The history 

Shaw JW, Wright WE. Nature Reviews Molecular Cell Biology 1: 72-76, 2001. 

Presenter
Presentation Notes
Roughly twenty years passed before we understood the mechanism behind the “Hayflick Limit” and identified Telomerase as the “Timekeeper of Cell Replication.”As shown in this timeline, studies by Hermann Muller and Barbara McClintock in the 1930s, showed that the ends of chromosomes are capped by a structure called the telomere, which functions to prevent chromosomes from fusing. In the 1970's, as the mechanisms behind DNA replication were becoming better understood, it became clear that DNA polymerase - the enzyme responsible for DNA replication - could not fully synthesize the 3' end of double strand linear DNA, which was called the end-replication problem by James Watson. At about the same time, Alexey Olovnikov in Moscow also recognized the end-replication problem and proposed that it would result in telomere shortening with each round of replication, and that this mechanism could be the cause of replicative senescence. We now know that the integrity of the telomeres decline with every subsequent cell division, and at a certain stage the shortened telomeres are interpreted as double-stranded breaks in DNA, which activate the p53 pathway, and results in the inhibition of pRB pathway and the blockage of cell cycle progression.It turns out that an enzyme in the nucleus, Telomerase, which is a holoenzyme that contains an RNA component (called hTR) and a catalytic component (called hTERT), can add DNA sequence repeats to the 3' end of DNA strands in the telomere regions and restore the DNA base pairs lost from the telomeres during cell division. This maintains chromosomal integrity and allows the cells to continue to divide and not undergo replicative senescence. Telomerase was discovered by Carol W. Greider and Elizabeth Blackburn in 1985. Together with Jack W. Szostak, they were awarded the 2009 Nobel Prize in Physiology or Medicine for their discovery of how chromosomes are protected by telomeres and the enzyme Telomerase.[Next Slide]
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Bypass replicative senescence by telomerase 

Keith WN, et al. Expert Reviews in Molecular Medicine, April 22, 2002. http://www.senescence.info/telomeres_telomerase.html 

Presenter
Presentation Notes
Except for stem cells, germ cells, and some white blood cells, Telomerase is not active in normal somatic cells, because the hTERT component is not expressed. And, without telomerase most normal cells senesce after a defined number of cell divisions, as I just described. However, aberrant activation of telomerase in normal cells, allows the telomeres of these cells and their offspring to be maintained independent of the number of cell divisions they undergo, thus allowing them to bypass the Hayflick Limit, as long as the conditions for their growth and replication are met. It is not surprising, therefore, that Telomerase activation has been observed in ~90% of all human tumors.[Next Slide]
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RPE1 Retinal Pigment 
Epithelial Cell CRL-4000™ hTERT-RPE1 

BJ Foreskin 
Fibroblast CRL-4001™ BJ-5ta 

pGRN145, plasmid in E. coli 
ATCC® MBA-141 

Immortalization of normal human cells by hTERT 

Bodnar AG, et al. Science 279: 349-352, 1998. 

Presenter
Presentation Notes
In 1998, Woodring Wright and scientists from the Geron corporation showed that normal human fibroblasts and epithelial cells stably expressing transfected hTERT, the protein component of the Telomerase, can maintain the length of their telomeres, and exceed their maximum lifespan by more than five-fold in culture. Therefore, the normal longevity-determination mechanism of telomere shortening in human cells can be circumvented. This evidence further supported the role of telomere shortening in cellular senescence and the role of telomerase expression in cell immortality.The two cell lines established in this seminal paper are now distributed by ATCC to users around the world, as hTERT RPE-1 and BJ-5ta. The fact that researchers can now use the same consistent material throughout their projects is a big advantage of hTERT-immortalized cell lines, and they have been widely used in studies to elucidate various cellular processes. Researchers can also obtain the eukaryotic expression plasmid pGRN145 containing the hTERT cDNA from ATCC.[Next Slide]

http://www.atcc.org/SearchCatalogs/Linkin?id=MBA-141
http://www.atcc.org/SearchCatalogs/Linkin?id=MBA-141
http://www.atcc.org/SearchCatalogs/Linkin?id=MBA-141
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 Telomerase 
      hTERT 
      HPV-16 E6 
      Myc T58A 

 p53/p21 
      SV40T 
      HPV-16 E6 
       

 p16/pRB 
      HPV-16 E7 
      CDK4 
      Bmi-1 

Other Methods 
Feeder culture (3T3) 
Rho-associated kinase inhibitor (Y-27632) 
Physiological Oxygen (2-5%) 

Roads to cell immortalization 

Stress or 
aberrant 
signaling 

Mathon NF, Lloyd AC. Nature Reviews Cancer 1: 203-213, 2001. 

http://www.senescence.info/telomeres_telomerase.html 

Presenter
Presentation Notes
While hTERT alone appears to be fully capable of immortalizing many cell types, such as fibroblasts, endothelial cells, mesenchymal stromal cells and neuroprogenitors - some cell types require additional cellular intervention to become fully immortalized. In other words, the induction of senescence in cell culture in vitro is more than telomere shortening alone. Fully understanding the cellular senescence process, so it can be successfully bypassed to immortalize cells is an active area of research.We know that some types of cells, for example - many epithelial cells - stop dividing before their telomeres become shortened to the level that would trigger replicative senescence. Stresses, such as oxidative stress, DNA damage, loss of communication with other cells, lack of suitable growth factors and disturbance of cellular signaling pathways, are abundant when cells are removed from their physiologic environment and put into the in vitro culture conditions. These stresses may lead to cell cycle arrest through multiple pathways, including the three important cell cycle checkpoint proteins: (1) p16; (2) pRB, and; (3) p53. These checkpoints can be overcome by introducing viral proteins, such as HPV-16 E6/E7 or SV40 T antigen, or oncogenes such as Ras or Myc mutants, in combination with hTERT.SV40 T antigen and HPV-16 E6/E7 induce immortalization by a process known as viral transformation. In this process the viral proteins suppress the p53 and p16 pathways and allow the cells to continue replication in vitro. However, although immortalization of cells by viral genes is reliable and relatively simple, these cells may become genetically unstable and lose the phenotypic properties of primary cells due to the presence of these powerful viral proteins.Recently, oncogenes CDK4 and Bmi-1 were also used with hTERT to immortalize several cell types, such as bronchial epithelial, colon epithelial and keratinocytes, by helping to suppress the p16 pathway.Another approach is by improving the culture conditions. One way to do this is by using feeder cells such as mouse embryonic fibroblasts like 3T3 cells, which has been shown to help extend the life of keratinocytes in culture. Recently, it has been shown that using ROCK inhibitor Y-27632 - in addition to 3T3 cells can lead to the immortalization of many epithelial cells, including primary tumor cells.It has also been shown that culturing the cells under in vivo physiological oxygen content, such as 2-5% oxygen, can suppress the oxidative stress associated with the 21% atmospheric oxygen level that is used under regular culture conditions and greatly extend the lifespan of primary cultures.[Next Slide]
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Tools for cell immortalization 

Plasmids and Reagents ATCC® No. 
hTERT MBA-141™ 

SV40-Baylor VRMC-3™ 

HPV-16 E6/E7 CRL-2203™, 45113D™ 

CDK4 MGC-19704™, MGC-4678™, MGC-3719™ 

Bmi-1  81582D™, MGC-12685™ 

3T3 Feeder Cells CCL-92™, 48-X™ 

ROCK Inhibitor Y-27632 ACS-3030™ 

Presenter
Presentation Notes
Here is a list of the some useful reagents that you can obtain from ATCC to create your own immortalized cell lines.  For example, you can get the hTERT cDNA clone, the SV40 viral genome DNA, cell lines producing the amphotropic retrovirus which encodes the HPV16 E6 and E7 viral proteins, cDNA clones for CDK-4 or Bmi-1, 3T3 feeder cells and ROCK inhibitor that we discussed on previous slide.  [Next Slide]
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hTERT immortalized cell lines from ATCC 

Tissue Cell Type ATCC® No Designations Comments 
Breast Mammary Epithelial CRL-4010™ hTERT-HME1 Normal adult 
Bone Bone Cartilage Fibroblast CRL-2846™, CRL-2847™ CHON-001, CHON-002 Normal fetal 
Esophagus Barrett’s Esophageal 

Epithelial 
CRL-4027™, CRL-4028™, 
CRL-4029™, CRL-4030™ 

CP-A, CP-B,  
CP-C, CP-D 

Pre-malignant sample 

Eye Retinal Pigment Epithelial CRL-4000™ hTERT-RPE1 Normal 
Kidney Angiomyolipoma CRL-4004™ UMB1949 Angiomyolipoma 

CRL-4008™ SV7tert PDGF tumor-1 Autocrine transformation and 
epigenetic changes 

Proximal Tubule Epithelial CRL-4031™ RPTEC/TERT1 Normal adult 
Lung Bronchial Epithelial CRL-4011™ NuLi-1 Normal adult 

CRL-4013™, CRL-4015™, 
CRL-4016™, CRL-4017™ 

CuFi-1, CuFi-4,  
CuFi-5, CuFi-6 

Cystic Fibrosis 

CRL-4051™ HBEC3-KT (coming soon) Normal adult 
Small Airway Epithelial CRL-4050™ HSAEC1-KT (coming soon) Normal adult 

Pancreas Pancreatic Duct CRL-4023™ hTERT-HPNE Normal adult 
CRL-4036™, CRL-4037™, 
CRL-4038™, CRL-4039™ 

hTERT-HPNE E6/E7, E6/E7/st, 
E6/E7/K-RasG12D, E6/E7/K-
RasG12D/st 

Stepwise oncogenic 
transformation 

Skin Foreskin Fibroblast CRL-4001™ BJ-5ta Normal neonatal 
Keratinocyte CRL-4048™ Ker-CT (just released) Normal neonatal 
Dermal Fibroblast CRL-4005™ TelCOFS02MA (just released) COFS 

Uterus Endometrium Stromal CRL-4003™ T HESCs Normal adult 
Vascular Microvascular Endothelial CRL-4025™ TIME Normal neonatal 

Microvascular Endothelial CRL-4045™ TIME-GFP (just released) Stable GFP expression 
Microvascular Endothelial CRL-4049™ NFKB-TIME (coming soon) NanoLuc reporter line 
Aortic Endothelial CRL-4052™ TeloHAEC (coming soon) Normal adult 

Presenter
Presentation Notes
This table shows ATCC’s hTERT-Immortalized cell line collection includes various cell types from many tissues, from both normal and diseased sources. In addition to the BJ-5ta and hTERT-RPE1 lines mentioned on previous slides, ATCC also provides hTERT-immortalized mammary epithelial cell, microvascular endothelial cell, proximal tubule epithelial cell, pancreatic duct epithelial cells, endometrial stromal cell, bronchial epithelial cell and many others.In addition to standard ATCC authentication, all ATCC hTERT cell lines are tested for: extended proliferative capacity, stable genotype, selected phenotypic markers from the tissue of interest, and the continued expression of hTERT.Please visit ATCC’s website to learn more about these cell lines and check out new cell lines that we are going to release in the coming months. You can also download the hTERT-Immortalized Cell Culture Guide and hTERT-Immortalized Cell Lines Brochure from our website.[Next Slide]
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Primary Cells 
Obtaining primary cultures from the kidney is hampered by the fact that there 
are 15-20 cell types that comprise the kidney cortex and the nephron.  
Homogeneous cultures retaining physiological functions are hard to obtain. 
 
 

Immortal renal epithelial cell lines 
 
 

 
 
 
 
 
 
 

 

Cell Line Derived from Nephron Segment of origin 
LLC-PK1 Yorkshire Pig Proximal nephron 

OK North American Opossum Proximal nephron 

JTC-12 Monkey Proximal nephron 

MDCK Dog Collecting duct 

A6 Xenopus laevis Distal tubule 

HK-2 Human HPV16-transformed, Proximal/Distal? 

Caki-1 Human Kidney carcinoma 

HEK293/OATs Human OATs over-expressing lines 

RPTEC/TERT1 (CRL-4031™) – A new cell model 
Limitations of existing in vitro renal cell cultures 

None of the continuous renal epithelial cell lines fully express all the 
needed differentiated functions known from the ancestor cells in vivo 

Presenter
Presentation Notes
If you are working with current in vitro kidney cell models, you are probably aware of their limitations.For example, in addition to the limited replication capacity exhibited by all primary cell cultures, primary kidney cell cultures are also hampered by the difficulty of getting a homogenous culture, because the kidney cortex and the nephron contains 15 to 20 different cell types. In addition, there may be considerable variation between different preparations of primary cells because they are derived from different donors, and thus come with different genetic and epigenetic backgrounds.On the other hand, several widely used immortal renal epithelial cell lines are derived from animals, such as LLC-PK1 from pig, the OK cell line is from Opossum, MDCK is from dog, and all of them have been shown to be irrelevant to human physiology to some extent. Human cell lines are also imperfect. Caki-1 is derived from kidney carcinoma, and does not represent normal kidney physiology, while the widely used HK-2 cell line is an HPV-16 transformed proximal tubule epithelial cell line, which may become genetically unstable and lose relevant phenotypic properties due to the presence of the powerful viral proteins after extended culture in vitro, as we discussed previously. Additionally, it has been suggested that HK-2 cells behave more like distal tubule epithelium than proximal tubule epithelium. Therefore, none of the continuous renal epithelial cell lines fully represents the physiology of the parent cell in vivo.[Next Slide]
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RPTEC/TERT1- Characteristic morphology and 
biochemical markers 

The RPTEC/TERT1 cells exhibit characteristic epithelial morphology 
only in the serum-free medium (♣) and express γ-Glutamyl 
Transferase (GGT), a marker protein located in the brush border of 
the renal proximal tubule epithelia. 

Serum-containing Medium         Serum-Free  Medium 
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Presenter
Presentation Notes
The newly developed RPTEC/TERT1 cell line was developed by introducing the hTERT gene into Renal Proximal Tubule Epithelial Cells, which lead to their immortalization. As you can see in the pictures shown on the left, the RPTEC/TERT1 cells exhibit characteristic epithelial morphology in the serum-free medium (indicated by the club symbol) and express γ-Glutamyl Transferase (GGT), a marker protein located in the brush border of the renal proximal tubule epithelium, as shown in the graph on the right, at both early and late passages. This will be described further in the next slide.[Next Slide]
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The RPTEC/TERT1 cells propagate well and retain a normal male 
karyotype after extended culture in serum-free medium. 

RPTEC/TERT1 at P21  
After recovery from cryopreservation 

RPTEC/TERT1 – Extended lifespan and stable 
karyotype 

Presenter
Presentation Notes
As you can see in the plot on the left, the RPTEC/TERT1 cells propagate well and retain a normal male diploid karyotype after an extended time in culture in the recommended serum-free medium. These cells were continuously cultured for more than 20 passages in our internal tests (that is about 60 population doublings after recovering from cryopreservation) and retained a normal male karyotype even at passage 21, as shown on the right. In contrast, the primary RPTEC culture stopped growing after 5 passages, reaching only about 20 population doublings.[Next Slide]
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RPTEC/TERT1 – Homogenous population 
 

The RPTEC/TERT1 cells show uniform expression of E-
cadherin and CD13(Aminopeptidase N), while primary RPTEC 

cells expression of these markers are highly variable. 
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Presenter
Presentation Notes
Next, we looked that expression of some specific markers by immunofluorescence staining. Compared with primary RPTEC culture, the RPTEC/TERT1 cells show uniform expression of epithelial specific adhesion molecule E-cadherin and renal proximal tubule epithelial specific CD13/Aminopeptidase N, while the primary RPTEC cells expression of these markers are highly variable, suggesting that the primary culture contains different types of cells.[Next Slide]
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RPTEC/TERT1 – Intact epithelial barrier 

Dome-like structures (arrows) form as water and solutes are transported across the cell layer 
and become trapped, the development of these structures is a good indicator of  epithelial 
formation.  Similarly, the formation of an intact epithelium can be demonstrated by stabilized 
Trans-Epithelial Electrical Resistance (TEER).  RPTEC/TERT1 cells exhibit both dome-like 
structures and  stabilized TEER, while the primary RPTEC cells do not possess either feature of 
intact epithelial formation. 
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Presenter
Presentation Notes
Another unique feature of the renal Proximal Tubule Epithelial cells is the ability to form “dome-like” structures when the cells reach confluence in culture. The dome-like structures (as indicated by arrows in the photo of RPTEC/TERT1 culture) form when water and solutes are transported across and become trapped underneath the intact cell monolayer, the development of these structures indicates two important functions of the RPTEC. First is the ability to form an intact barrier, second is the ability to transport water and solutes across the cell. So, the dome-like structures are good indicators of proper proximal tubule epithelial functions. Similarly, the formation of an intact epithelium can be demonstrated by the formation of a stabilized Trans-Epithelial Electrical Resistance or TEER, when the cells are cultured on a porous membrane support - such as TransWell - and allowed to differentiate. As you can see in the plot on the right, RPTEC/TERT1 cells exhibit a stabilized TEER that is comparable to MDCK cells, a widely used model of kidney physiology. In contrast, the primary RPTEC cells do not form dome-like structures and do not maintain a stabilized TEER, suggesting that primary RPTECs do not possess either feature of intact epithelium formation.[Next Slide]
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RPTEC/TERT1 – Other interesting features 

ABCC4 / MRP4 

ABCC2 / MRP2 

ABCB1 / MDR1 (P-gp) 

OATP4C1 

SLC47A1 / MATE1 

SLC22A12 / URAT1 
T      P       K 

T. RPTEC/TERT1 (CRL-4031)   
P. Parental primary RPTEC 
K. Kidney tissue 

Wieser M, Stadler G, Jennings P, et al. Am J Physiol Renal Physiol 295(5): F1365-75, 2008. 

Radford, et al. AJP - Renal Physiol  302(8): F905-F916, 2012. 

Giacomini KM, et al. Nature Reviews Drug Discovery 9: 215-236, 2010. 

Presenter
Presentation Notes
The nephron is the basic structural and functional unit of the kidney. Its chief function is to regulate the concentration of water and soluble substances - like sodium salts - by filtering the blood, reabsorbing what is needed, and excreting the rest as urine. The renal proximal tubule regulates the pH of the filtrate and is responsible for secreting organic anions and cations into the filtrate. Such functions are mediated by a large family of membrane transporter proteins that are depicted in the diagram on the left. These include OAT1, OAT3, OCT2, OATP4C1 that are expressed on the basolateral membrane of a RPTEC cell, and URAT1, MATE1, MRP2, MRP4, P-gp on the apical membrane of the cell. The RPTEC/TERT1 cells, like the parental primary RPTEC cells, from which they were derived - express many important membrane transporters that are highly expressed in the kidney as shown by RT-PCR.The primary cilium (or central cilium) is an immotile, microtubule-based organelle found on the majority of mammalian cell types. It is now widely acknowledged that primary cilium plays a central role in diverse cellular processes, including chemo- and mechanosensation, signal transduction, phototransduction, and developmental patterning. Numerous receptor signaling components are highly enriched in the primary cilium, including Sonic Hedgehog signaling proteins, Wnt signaling components, the platelet derived growth factor (PDGF) receptor and receptors involved in phototransduction and olfaction. The primary cilium of the RPTEC cell extends into the lumen of the renal tubule, and is thought to sense fluid flow and initiate calcium-based signaling that may contribute to the maintenance of normal epithelial phenotype and functions.RPTEC/TERT1 cells retain a long prominent primary cilium in in vitro culture. As shown in this scanning electronic microscopy image on the bottom left, each RPTEC/TERT1 cell develops a long primary cilium when they reach confluence and differentiate. The unique feature of this hTERT-immortalized cell line was explored in a recent paper published by Radford and colleagues in the American Journal of Physiology. In their paper, the authors showed that the renal carcinogens ochratoxin A (OTA) and potassium bromate (KBrO3) cause significant deciliation in RPTEC/TERT1 cell, I hope you can see the loss of those tiny green dots in the staining images at 24 hours, while a non-carcinogen nifedipine had no effect on the primary cilium. The authors further identified dysregulation of Wnt signaling and ciliary trafficking in response to OTA and potassium bromate exposure, which might play a role in their ability to cause cancer.[Next Slide]
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Ker-CT (CRL-4048™) – Immortalized keratinocyte 
Retain intact differentiation capability 

• Ker-CT cell line was immortalized by human telomerase and CDK4 from 
neonatal foreskin keratinocyte culture (Deposited by Dr. Shay, UTSW) 

      Ramirez R, et al. Oncogene 22(3): 433-44, 2003. 
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Presenter
Presentation Notes
Ker-CT Applications diabetesinflammationwound healing3D modelingregenerative medicinedrug discovery/screeningtoxicity
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TIME (CRL-4025™) – Good endothelial cell model 
TERT Immortalized Microvascular Endothelial cells 

• Immortalized from neonatal foreskin microvascular endothelial cells
• Proliferation to at least 200 population doublings
• Normal diploid karyotype
• Normal endothelial cell phenotype/function

– Surface marker (PECAM-1/CD31, VEGFR2, Tie-2)
– Ac-LDL uptake
– Tubule formation on basement membrane gel
– Support infection by endotheliotropic Kaposi’s sarcoma-associated herpes

virus (KSHV/HHV-8)
– Anoikis (apoptosis upon detachment from ECM)

Venetsanakos E., et al. Exp Cell Research, 273:21-33, 2002. 

Presenter
Presentation Notes
The TIME cells do not undergo growth arrest in culture, due to the exogenous hTERT expression, and in the paper that initially described them they were shown to be able to proliferate continuously for at least 200 population doublings.TIME cells express a panel of characteristic endothelial cell surface marker proteins including CD31/PECAM-1 and integrin alpha 5 beta 3, which ATCC uses in our internal quality test for this cell line. The cells also express the low density lipoprotein (LDL) receptor and are capable of acetylated LDL uptake. When plated on basement membrane gel or co-cultured with a glioblastoma cell line, TIME cells undergo tubule formation exhibiting capillary-like structures. The TIME cell line represents an effective cell model for studying endothelial cell biology including signal transduction and angiogenesis.Recently, this cell line has been found to be able to support infection by endothelia-tropic human Herpes Virus HHV-8, one of seven currently known human cancer viruses. This virus causes Kaposi's sarcoma, a cancer commonly occurring in AIDS patients.[Next Slide]
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TIME 

Media 

CRL-4025™ 
PCS-100-030™ 
PCS-110-040™ (BBE Kit) 

                                 PCS-110-041™ (VEGF Kit) 
Basement Membrane Gel ACS-3035™ 

Tubule formation on 
Cell Basement Membrane Gel Tubule formation on co-culture 

TIME – Capable of forming vascular structure 
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Presenter
Presentation Notes
Microvascular endothelial cells play a central role in neovascularization required for solid tumor growth, a feature that is phenocopied by their capacity to undergo tubulogenesis under appropriate conditions in vitro. To examine the ability of TIME cells to form tubules in vitro, the cells were plated onto CellMatrix, a reconstituted basement membrane extract, and the extent of tubulogenesis was assessed by microscopic examination of the cells at different times after plating. As you can see in the video on the left side, tubulogenesis was detected in TIME cells within 6 h after plating and a substantial tubule network had formed within 24 hours.Microvascular endothelial cells also play an important role in wound healing. The in vitro wound scratch assay is an easy method to study cell migration in vitro. As you can see in the video on the right side, TIME cells are seeded on a collagen I coated plate and an artificial gap, or “scratch” was created after the cells reached confluence. The cells on the edge of the newly created gap moved toward the opening to close the "scratch" until new cell–cell contacts are established again about 36 hours later. Blebbistatin, a chemical compound that is known to inhibit myosin, slowed down the migration of TIME cells and the closure of the “scratch”, as shown in the plot at bottom right, by measuring the relative width of the gap.[Next Slide]
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Genetic engineered cell lines derived from TIME 

TIME-GFP (ATCC® CRL-4045™) 
• Derived by transfecting TIME (ATCC® CRL-4025™) cells with linearized 

pWE2-EmGFP plasmid
• Clonal cell line selected based its stably expression of GFP driven by CMV 

promoter
• Diploid cell line of male origin with a chromosome number of 46
• Positive for endothelial cell markers as the parental TIME cell line (CD31, 

AcLDL uptake, VEGFR-2, Tie-2)
• Tested for at least 15 population doublings after recovery from 

cryopreservation
• Tubule formation on Cell Basement Membrane

Poster# B1332, Monday, Dec 16th, 1:30-3:00 PM 
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TIME (control) 

TIME-GFP/VEGF kit 

TIME-GFP/BBE kit 

Characteristics of TIME-GFP cell line 
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GFP expression facilitates real-time analysis 

The GFP-expressing cells migrate and coalesce 
into networks of vessel-like structure within 10 
hours after being plated onto Cell Basement 
Membrane Gel (ATCC® ACS-3035™).  The 
stable expression of GFP in these cells enables 
detection and analysis of the fragile endothelial 
structures to occur without post-assay fixation 
and/or staining.   

VEGFR2 

TIME 
-GFP

Primary  
HDMVEC 

TIE2 

α-tubulin 

Vehicle 

30nM 
Suramin 
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Genetic engineered cell lines derived from TIME 

NFKB-TIME (ATCC® CRL-4049™) 
• Derived by transfecting TIME (ATCC® 

CRL-4025™) cells with linearized pNL3.2-
Nluc/NF-kB-RE/Hygro plasmid 

• Clonal cell line selected based its high 
response to TNFα 

• Normal diploid karyotype 
• Positive for parental cell characteristics  

• TIME cell markers (CD31, AcLDL 
uptake) 

• Endothelial cell functions 
• Tested for at least 15 population doublings 

after recovery from cryopreservation 

 

https://www.promega.com/products/pm/nanoluc/ 
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NFKB-TIME (CRL-4049™) reporter cell line 

NFκB-TIME (ATCC® CRL-4049™) expresses NanoLuc® luciferase regulated by multiple copies of 

the NFκB response element.  When the cells are exposed to inflammatory cytokine such as TNFα, 

activation of the NFκB signaling pathway results in increased NanoLuc® luciferase activity. The high 

sensitivity, excellent signal/background ratio and simple single-addition assay makes this reporter 

cell line an ideal replacement for the cumbersome and highly variable CD54/ICAM-1 activation 

assays. 
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NanoLuc® and Nano-Glo are trademarks of Promega 
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Use of NanoLuc® increases assay sensitivity  
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Variable number of NFKB-TIME (ATCC® CRL-4049™) cells were seeded into 96-well plate and 

incubated for 24 hours in culture medium.  The cells were then exposed to 100 ng/mL TNFα for 

3 hours to activate the NFkB signaling pathway.  Comparable fold of induction (FOI) of 

luminescence was observed within a wide range of cell seeding densities. Less than 100 

cells/well produced significant activation of the reporter gene expression. 

Cells/

well 

Luminescence (RLU) 

FOI 

Untreated 100 ng/mL TNF 

6,561 29,228 ± 2,153 4,664,244 ± 786,091 160  

2,187 10,347 ± 578 1,297,479 ± 301,887 125  

729  3,812 ± 1,482 418,410 ± 57,006 110  

243 1,394 ± 349 150,531 ± 38,821 108  

81 528 ± 89 41,651 ± 18451 79  

NanoLuc® and Nano-Glo are trademarks of Promega 
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Primary cells hTERT 
immortalized 

Oncogene, viral 
immortalized Cancer cell lines 

Mimic in vivo Tissue 
Phenotype ++++ +++ ++ + 

Genotypic Stability Diploid Diploid /  
Near diploid  

Near diploid / 
Aneuploid Aneuploid  

Proliferative Capacity + +++ +++ +++ 

Supply + +++ +++ +++ 

Inter-Experimental 
Reproducibility Low Good Good Good 

Cost High Medium Low Low 

Ease of Use + ++ ++ +++ 

Pros and cons of different cell models for tissue-relevant functional studies 

hTERT immortalized cells provide unique tools 

hTERT immortalized cells combine the in vitro nature of primary 
cells and the ability to be cultured continuously, avoiding the 
limitations of both types while still reaping their benefits.  

Presenter
Presentation Notes
Now, in closing of this webinar, I would like to use this table to summarize the pros and cons of different cell models for tissue-relevant functional studies that we discussed today.  Among all the models in this table, Primary cell cultures closely mimic the in vivo state with a diploid genotype, and have the potential to generate more physiologically relevant data. However, the primary cultures have the inconvenience of limited proliferation capacity, lot-to-lot variation, so that it might be difficult to compare results among separate experiments, and they come with a high price tag.At the other end of the spectrum, thousands of cancer cell lines have been established in the past half century and are the workhorses in our understanding not only cancer biology, but also other important biological processes. Most of them are easy to get and handle, but because of the way tumor cell lines are generated - that is by evading the suppressive environment that inhibits uncontrolled proliferation - they exhibit dramatic damage to their genomes, such that they no longer represent the physiological condition of normal cells. As for hTERT-immortalized cell lines, the re-introduction of Telomerase activity into primary cells upends the shortening of the telomeres after each round of DNA replication, prevents the cells from undergoing replicative senescence and bestows the cells with the ability to be cultured continuously. By using hTERT-Immortalized cell lines, we can avoid the limitations of both primary culture and tumor cell lines, while still reaping the benefits of using in vitro cell culture models for relevant biology research in our studies. [Next Slide]
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