
Converting a Normal Cell 
to a Cancer Cell: A New Tool, 

a New Insight 
By David A. Corral, MD 

Recently, there has been a significant accumulation in
data regarding the biologic processes involved in malignant

transformation (i.e., the conversion from a normal phenotype in
which cell death is inevitable to a malignant phenotype in which the
cell is both immortalized and tumorigenic). While several proteins
involved in various pathways, such as the retinoblastoma gene prod-
uct and p53, have been implicated in tumor development and pro-
gression, none has been shown to be solely responsible. In order to
produce a human tumor cell from normal cells for in vitro studies,
cancer researchers have relied on the use of chemical or physical car-
cinogens, transfection with an entire viral genome, or painstaking
selective culture of malignant cells obtained from surgical or biopsy
specimens. A simplified approach to the conversion of normal cells
to cancer cells would not only provide a useful tool for in vitro
research, but would also shed light on the most elementary essential
mechanisms involved in cancer formation. A key question in tumor
biology that has emerged over the past decade regards the minimum
number of genetic alterations required for malignant transformation.

It has been shown that normal rodent cells can be converted to
cancer cells through the co-expression of a minimum of two cooper-
ating oncogenes.1,2 Attempts at duplicating these results in human
cells, however, have only met with failure, and the search for the
mechanistic differences in cellular control between humans and
rodents that accounts for this finding has pointed toward telomere
biology for answers.3 Recently, Hahn and colleagues in the laborato-
ry of Dr. Robert Weinberg at the Massachusetts Institute of Technol-
ogy have demonstrated that ectopic expression of the catalytic sub-
unit of telomerase (hTERT) is the third minimal essential factor nec-
essary for malignant transformation of human cells.4

Telomerase: Of Mice and Men
Normal non-cancerous cells will pass through some seemingly

predetermined number of cell divisions before reaching a non-divid-
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ing state known as senescence. After some also seeming-
ly predetermined length of time, the cell reaches a “cri-
sis” which is followed by cell death. As the cell passes
through its series of successive divisions, the telomeres’
specialized lengths of DNA at the ends of each chromo-
some become progressively shorter until the “crisis
phase” is reached. Thus, it is the erosion of the telomere
length which limits the cell’s life span in the normal
state. However, cancer cells possess a means of avoiding
the crisis phase through the action of telomerase, an
enzyme that adds short stabilizing segments of DNA to
the telomeres. (See Dr. Kang’s article, Telomerase Activ-
ity in Prostatic and Renal Cell Carcinoma, in this issue
on p. 54.) Upregulation of telomerase activity in human
cancer cells allows the immortalized cell to bypass the
normal aging process that concludes with the crisis
phase and subsequent cell death. It has been shown in
vitro that ectopic expression of the hTERT gene encod-
ing telomerase’s catalytic subunit will enable some, but
not all, pre-senescent primary (non-malignant) human
cells to multiply indefinitely.4 Thus, it appears that
telomerase is able to confer replicative immortality to
certain cell types. However, replicative immortality, or
“immortalization,” is not the only quality necessary for a
complete malignant phenotype. The cancer cells must

also be able to proliferate and form tumors in an unre-
stricted manner. Certainly, other oncogenes must be
involved to accomplish the total transformation.

Are mice and men created equal? Not in terms of
telomeres and telomerase. As it turns out, not only  are
telomeres inheritantly longer in rodents, but telomerase
activity is also constitutively higher. This difference can
very well have accounted for the contrasting ability to
produce malignant rodent cells through the manipulation
of only two oncogenes, vs. the inability to do the same in
human cells. Hahn et al threw hTERT expression into
the mix of “cooperating oncogenes” to transform human
cells.4

Three Necessary Events  
The study by Hahn et al identifies a minimum of three

genetic events affecting a total of four cellular pathways
that result in the conversion of a normal human cell into
a tumor cell. These events are ectopic expression of
hTERT, the ras oncogene, and the simian virus 40
(SV40) large-T oncoprotein. The authors in the study
demonstrated these effects by serially introducing these
genes using retroviruses in both human embryonic kid-
ney (HEK) cells and normal human fibroblasts.

Immortalization of HEK cells and fibroblasts was
accomplished by the overexpression of the gene hTERT,
which encodes the catalytic subunit of telomerase, there-
by avoiding the crisis phase in these cells by preventing
telomere erosion that would ultimately limit the cell’s
life. The ras oncogene is known to be mutated in several
human tumors and its expression has been demonstrated
to allow cells to grow indefinitely in the absence of
growth factors. Introduction of the ras oncogene (H-RAS
V12) into HEK cells and fibroblasts resulted in cell
senescence which was not overcome by the expression of
hTERT. However, when the authors also introduced the
oncoprotein SV40 large-T antigen, which transforms
normal cells into tumor cells by inhibiting both p53 and
retinoblastoma tumor suppressor proteins, the result was
increased cell growth. One hallmark of a cancer cell is its
ability to form colonies in soft agar (i.e., anchorage-inde-
pendent growth). Efficient colony formation in soft agar
occurred in both HEK cells and fibroblasts only when the
combination of all three genes was expressed. Similarly,
only cells expressing the combination of hTERT, ras, and
large-T demonstrated efficient tumor formation and rapid
growth following subcutaneous injection in immunodefi-
cient nude mice. Hahn et al concluded that this combina-
tion of three “cooperating oncogenes” that affect a total
of four cellular pathways are the minimum genetic events
required for malignant transformation.

The work by Hahn et al is clearly a landmark develop-
ment in the understanding of tumor biology. This study
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both provides us with the first simple recipe for develop-
ing malignant cells in vitro, which will no doubt prove
useful in the study of various types of malignancy, as well
as multiple aspects of cancer biology. Furthermore, Hahn
et al have solidified our concepts of “cooperating onco-
genes” in malignant transformation. Elucidation of the
mechanisms involved in malignant transformation, how-
ever, addresses only the earliest phase of tumor formation.
The total effect of cancer on its host is mediated also by
the downstream events of angiogenesis, motility and inva-
sion, embolization and circulation, arrest in the capillary
beds, adherence to the endothelial walls, extravazation
into an organ’s parenchyma, response to the microenvi-
ronment, and further tumor cell proliferation and angio-
genesis.5 By providing insight into the earliest essential
events in cancer formation, the work of Hahn et al and the
subsequent models of tumorigenesis of various types of
cancer that are likely to develop as a result of this work,
will hopefully yield information relevant to the develop-
ment of cancer prevention strategies as well as identify
mechanisms as targets of new therapeutic approaches.   ❖
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Expression of F acilitative
Glucose T ranspor ters 
in Cancer
By Yoshikam Noguchi, MD, FACS; 
Takaki Yoshikawa, MD, PhD; 
Doulet Marat, MD, PhD; 
and Akira Tosubaraya, MD, DMSci

Increased glucose uptake seems to be one of the
major metabolic alterations observed in malignant tis-

sues. Tumor cells may acquire the expression of facilitative
glucose transporter (GLUT)1 mRNA during the process of
malignant transformation. In some tissues, including stom-
ach, colon, and lung, GLUT1 mRNA is not present in the
normal epithelium but is detected in corresponding malig-

nant tissues from the same organs. Increased GLUT1
expression may be one possible mechanism for increased
uptake of [18F] fluorodeoxy glucose in positron emission
tomography (PET). It also has been suggested that overex-
pression of GLUT1 protein is associated with poor prog-
nosis in patients with gastric cancer or breast cancer. Thus,
facilitative glucose transporters, especially GLUT1, may
be good candidates to serve as molecular targets both as
clinical prognosticators and as the basis for the develop-
ment of future therapy. This article reviews some aspects
of GLUT related to cancer and presents some of our data
on gastric and lung cancers. 

Glucose Uptake into Cells
Cancer cells have increased rates of glucose metabo-

lism compared with normal cells.1 There are two types of
glucose carriers in mammalian cells,2 Na+-glucose co-
transporters and facilitative GLUTs. GLUTs in the plas-
ma membrane are responsible for facilitating glucose
flux between blood and tissue. It has been established
that glucose transport is the rate-limiting step in glucose
utilization in some tissues. A family of seven facilitative
GLUTs (GLUT1-GLUT7) has been cloned. GLUT1 is
expressed in erythrocytes and is known as a basic, high-
affinity glucose transporter. GLUT2 is predominantly
expressed in the liver and GLUT3 in the brain. GLUT4 is
abundant in insulin-responsive tissue (i.e., adipose and
muscle) and is known as the insulin-responsive glucose
transporter. GLUT5 was recently determined to be a fruc-
tose transporter and is often excluded from the glucose
transporter family. GLUT6 appears to be not translated,
and GLUT7 is the microsomal glucose transporter. 

Recently, data on the expression or significance of
these transporters in tumors and the impact this may have
on the host have been accumulated. Also, the clinical
application of the PET scan, which utilizes [18F] fluo-
rodeoxy glucose as a tracer to detect presence of tumor
and its metastases, has provoked interest in the mecha-
nisms by which tumors aggressively increase glucose
uptake over the tumor-bearing hosts.3 Furthermore, the
increased expression of GLUTs in some tumors has been
associated with poorer prognosis in various malignancies. 

Expression of GLUT Isoforms in Cancer Tissues 
In a study of GLUT expression in breast cancer using

immunohistochemistry,4 GLUT1 and GLUT2 expression
was identified in all primary tumors and metastatic lymph
nodes tested. Expression of GLUT4 was detected in 50%
of cases, and GLUT3 and GLUT5 was detected in none of
the samples. Staining of normal mammary epithelium for
GLUT1, if present, was much weaker than observed in
tumor cells from the same patients. In a study on extracra-
nial head and neck tumors, all 20 tumors examined
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expressed GLUT1 and/or GLUT3 mRNA, leading the
authors to conclude that the high-affinity GLUT isoforms
may be related to tumor growth, especially when glucose
was limiting (e.g., in a poorly vascularized location).5

Only two studies other than ours have provided data on
the expression of glucose transporters in gastric cancer.
After northern analysis of RNA from one normal tissue
sample and two gastric cancer specimens, Yamamoto et al
concluded that GLUT1 and GLUT3 were present in
tumors to a greater extent than in normal gastric tissue.6

Younes and associates  reported GLUT1 expression in
three of six samples of adenocarcinoma of the stomach.7

In our study, RT-PCR did not find GLUT1 mRNA in
the normal gastric mucosa (n = 10). However, 95% of
the gastric cancer specimens we examined (n = 20) con-
tained detectable GLUT1 mRNA. This was also the case
with colon cancer and normal mucosa. GLUT1 mRNA
was only detected in cancer cells.8 Studies of lung carci-
noma and alveolar epithelium yielded identical
findings.9 Thus, tumors seem to acquire GLUT1 mRNA
and protein by malignant transformation. Whether this
hypothesis is generally applicable to all tumors or not
has to be further examined.

GLUT1
GLUT1 has a high affinity for glucose and shows an

asymmetrical transport (i.e., preferentially in the direction
of cellular glucose uptake). Expression of this facilitative
GLUT1 is compatible with high metabolic rates in tissues
and with regulatory activities such as glucose reabsorption
activity and barrier functions. Changes in both GLUT1
expression and the rates of glucose transport have been
affected not only by cellular growth rates but by transfor-
mation and malignancy. Experimental studies have shown
that malignant transformation of cultured cells by either
viruses or oncogenes resulted in increased rates of glucose
transport, and metabolism.

Expression of GLUT1 was a significant factor affect-
ing survival in the gastric cancer. This accords with a
recent report on GLUT1 expression in colorectal cancer.
As in colorectal cancer, postoperative survival of
patients whose tumor expressed GLUT1 protein was sig-
nificantly poorer than those with tumors not expressing
GLUT1. Thus the high affinity and directional glucose
transport of GLUT1 would favor tumor growth at the
expense of the tumor-bearing host. 

Other GLUTs
GLUT2 expression has been associated with low glu-

cose concentration. The concomitant expression of
GLUT1 and GLUT2 mRNA in gastric cancer may be due
to a cellular adaptation, a cellular differentiation within
the tumor, or a topographical mixture of tissues with dif-

ferent glucose supplies. Clinical singificance of other
GLUTs, including 2, 3, and 5, awaits further clarification. 

GLUT4 in the Tumor and Insulin Resistance at
the Peripheral Tissue in Patients with Cancer

Of GLUT isoforms, GLUT4 is known as the insulin-
responsive glucose transporter and is usually found in
insulin-responsive tissues such as skeletal muscle and adi-
pose. GLUT4 has been extensively studied as a major
cause of non-insulin dependent diabetes mellitus. The
presence of GLUT4 mRNA or protein in tumor tissue has
been relatively rare, with the exception of breast cancer.
However, GLUT4 was the most frequently demonstrated
GLUT protein in the gastric cancer specimens. The pres-
ence of GLUT4 in human gastric cancer cell lines is in
significant contrast to its absence in the Caco-2 colon ade-
nocarcinoma cell line. The presence of the insulin-respon-
sive transporter in cancer tissues may have significant
meaning for cancer patients, who are often insulin resis-
tant. In peripheral insulin resistance, the defect is at the
level of cellular uptake, not in insulin production. As
serum insulin concentration remains elevated and insulin
is an anabolic hormone, it has been suggested that this
condition could stimulate tumor growth because infused
glucose is less effectively taken up by peripheral tissues
(mainly muscle). This glucose may be rapidly taken up by
cancer cells that express insulin-responsive GLUT4.
However, it is not clear whether GLUT4 in tumor cells
responds to insulin in the same way that it does in adipose
and muscle or what role is played by GLUT4 in the tumor. 

GLUTs in Gastric Cancer8,10

The presence of mRNA for five facilitative GLUT iso-
forms was evaluated by RT-PCR in paired samples of nor-
mal gastric mucosa and gastric tumors from 20 individuals.
Expression of GLUT proteins was immunohistochemical-
ly determined in 70 resected gastric cancer specimens. By
RT-PCR, GLUT2 mRNA was detected in 80% of normal
gastric mucosal samples, while GLUT4 mRNA was seen
in only 40%. GLUT1 mRNA was not detected in normal
gastric mucosa. In gastric carcinoma samples, GLUT1
mRNA was detected in 19 out of 20 cases (95%) and
GLUT2, GLUT3, and GLUT4 mRNAs in all samples. By
immunohistochemistry, GLUT1 protein was detected in
19% of the tumors. A majority of tumors (61%) expressed
one or more transporter protein. The presence of GLUT1
protein in a tumor was positively correlated with the
tumor’s invasion into the gastric wall, lymphatics, or blood
vessels and with lymph node metastases. GLUT1 was a
significant factor affecting survival. The postoperative sur-
vival of patients with tumor-expressing GLUT1 protein
was significantly worse than those with tumors that did not
express GLUT1. We concluded that gastric cancer cells
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may acquire the ability to produce GLUT1 mRNA by
malignant transformation. Increased expression of the high
affinity glucose transporters, GLUT1 and/or GLUT4, in
tumor cells may drain glucose preferentially to the tumor
at the expense of the tumor-bearing host.

We also documented the presence of multiple GLUT
isoform and response to insulin in human gastric cancer
cell lines, MKN28, MKN45, and STSA. RT-PCR demon-
strated GLUT1 and GLUT4 mRNA in all three cell lines.
MKN28 cells expressed GLUT4 protein more than
MKN45 and STSA cells by immunohistochemistry.
Insulin stimulation of MKN28 cells resulted in a 22%
increase in glucose uptake over that found under basal
conditions (0.60 ± 0.05 fmol/cell/min after insulin stimu-
lation vs 0.53 ± 0.07 fmol/cell/3 min at basal). No
increase in glucose uptake occurred with insulin stimula-
tion in MKN45 or STSA cells. We conclude that the
insulin responsive GLUT4 is expressed in MKN28,
MKN45, and STKM1 human gastric cancer cell lines,
albeit in different amounts. The greater expression of this
transporter in MKN28 cells is likely responsible for the
cell’s ability to increase glucose uptake with insulin stimu-
lation. However, a role played by GLUT4 in regulating
the amount of glucose uptake would not be large in those
human gastric cancer cell lines.

GLUTs in Lung Cancer 
Expression of facilitative GLUT isoforms was studied

immunohistochemically in lung carcinomas.9 GLUT1
was expressed in 45 (74%) of 61 lung carcinomas,
including 19 (100%) of 19 squamous cell carcinomas.
No GLUT1 staining was seen in normal lung epithelium
surrounding the tumors. In squamous cell carcinomas
and small cell carcinomas, GLUT1 immunostaining was
stronger in the central area of tumor cell nests corre-
sponding to the hypoperfused region. Focal staining was
seen in 14 (58%) of 24 adenocarcinomas, and positive
staining was correlated with decreased differentiation,
larger tumor size, and positive lymph node metastasis.
Glut2 was detected in normal airway epithelium, but no
positive staining was seen in lung carcinomas. GLUT3
and GLUT4 were not positively stained in normal lung
epithelium, but a few lung carcinoma samples showed
positive reaction (9 of 61 in GLUT3; 4 of 61 in GLUT4).
GLUT4 immunoexpression was seen in regenerating
alveolar and bronchiolar epithelia both around and with-
in cancer cells. GLUT5 expression was not detected in
normal or malignant tissue. RT-PCR for GLUT1,
GLUT3, and GLUT4 confirmed the expression revealed
by immunohistochemical analysis. Overexpression of
GLUT could enhance uptake of glucose into lung carci-
noma cells, and the increased glucose flux could be
involved in cell biologic activities. 

PET Scan: New Functional Imaging of Cancer
The availability of PET scanning, which utilizes the

tumor’s increased glucose uptake to accumulate [18F]
fluorodeoxy glucose (FDG) to a greater extent than in
normal tissue, has peaked interest among clinicians in
the mechanisms of glucose uptake in human tumors.3

Only recently have detailed data become available on the
accelerated glucose uptake that occurs in some tumor
tissues. FDG is a glucose analog that is accumulated and
subsequently becomes trapped in metabolically active
cells. FDG is phosphorylated by hexokinase to FDG 6-
phosphate. However, unlike glucose 6-phosphate, FDG
6-phosphate is not further metabolized by glycolytic or
glycogen synthetic pathway. Thus, FDG localization
within cells depends on the combination of a functional
glucose transporter and phosphorylating enzymes. The
introduction of PET opened a new era of evaluating the
physiology and biochemistry of tumor, whereas imaging
modalities such as CT and magnetic resonance imaging
(MRI) evaluate alterations of anatomic imaging.

Overexpresion of GLUT1 and increased FDG uptake
in pancreatic carcinoma was documented by Reske and
coworkers.11 The standardized uptake value (SUV) of
FDG in patients with pancreatic cancer was more than
twice the SUV of those with chronic mass-forming pan-
creatitis (MFP) (2.98+1.23 and 1.25+0.51, respectively [P
< 0.01]). GLUT1 expression was documented by northern
blot analysis in four of five patients with cancer but not in
any of the five patients with MFP. The authors concluded
that the concomitant enhancement of glucose utilization
and selective overexpression of GLUT1 mRNA in pancre-
atic cancer but not in MFP suggested constitutive activa-
tion of GLUT1 gene or decreased degradation of GLUT1
mRNA in human pancreatic cancer. 

Commentary 
We are currently working on clarifying the clinical sig-

nificance of GLUT expression in gastric cancer cell lines.
Preliminary data demonstrated that suppression of GLUT1
expression was related to “slowing down” the cell cycle by
G1 arrest through down regulation of p21 protein and that,
as a result, tumor growth was significantly suppressed
(presented at AACR in 1999). Further dissection of a clas-
sic hypothesis that tumors are “glucose eaters” may pro-
vide us with a new target for the early detection and thera-
py aimed at leading tumors to starvation. (Dr. Noguchi, Dr.
Marat, and Dr. Yoshikawa are in First Department of
Surgery, Yokohama City University School of Medicine;
and Dr. Tsubaraya is in Division of Gastric Surgery, Kana-
gawa Cancer Center, Yokohama, Japan.) ❖
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Telomerase Activity 
in Prostatic and 
Renal Cell Car cinoma
By Hey Joo Kang, and David A. Corral, MD

The properties of telomeres and telomerase
activity have been the target of intense clinical

research since the association between the development
of numerous tumor cell types and the degree of telom-
erase activity was first established in 1990.1 Since the
introduction of the highly sensitive PCR-based TRAP
assay, direct evaluation and measurements of telomerase
activity in prostate and renal malignancies have been
accomplished. Recent studies using this assay have
found that teleromase activity is found in malignant
prostate tissue but is absent in benign conditions such as
benign prostatic hyperplasia (BPH) or normal prostate
cells. Similarly, the high frequency of detection of
telomerase activity in renal cell carcinoma and its
absence in normal renal tissue suggests a possible role in
tumorigenesis in this tissue type as well. These findings
also have numerous implications for telomerase as a
potential marker in the detection and monitoring of
malignancies of the prostate and kidney. 

Background
Telomeres are essential, non-coding units located at

the 5’ terminal end of linear DNA in eukaryotic cells that
stabilize the chromosomal ends during replication. These
units consist of tandem repeats of the highly conserved
G-rich sequence TTAGGG, and the cumulative length of
these repeats are thought to be important in governing the
lifespan of a cell. Normal human somatic cells lose 50-
100 base pairs of terminal telomeric DNA with each
round of replication. Thus, the presence of telomeres at
the 5’ end act as a buffer zone preventing normal termi-
nal chromosome shortening from reaching the coding
regions of the genome. Telomerase is a ribonucleoprotein
enzyme with reverse transcriptase activity that allows it
to synthesize telomeric repeats onto chromosomal ends
using a segment of its RNA component as a template.2 In
the absence of telomerase activity, all telomeres would
eventually shorten until a critical telomere length is
reached, at which time cell senescence occurs. Since
telomerase activity is directly involved in telomere main-
tenance, its activation in malignant cells may conceivably
contribute to cell immortality.

Telomerase and Prostatic Malignancies
Prostate cancer is second only to lung cancer as the

major cause of male cancer-related deaths in the United
States and is the most common malignancy of older men
today.3 Because multiple attempts at finding a consistent
genetic change have yet to produce a readily identifiable
marker for prostate cancer, it has become increasingly
important to search for alternative means to determine the
malignant potential of a suspicious lesion. Microscopic
foci of prostate cancer are present in 40% of men older
than age 50; however, most of these lesions will not
progress but rather remain indolent in their clinical
course. Finding a marker to distinguish which lesions will
behave in a benign vs. malignant fashion over a patient’s
lifetime would potentially save thousands of men from
unnecessary treatment each year. By the same token, a
marker that indicates a potential for progression can direct
clinicians to treat individual patients in a more aggressive
manner. The finding in recent studies of increased telom-
erase activity in primary prostate cancer raises the ques-
tion of whether telomerase could serve as this marker.

The detection of telomerase activity by the highly sensi-
tive TRAP assay in malignant prostate samples was first
reported by Sommerfeld et al in 1996.4 His group demon-
strated that 84% of pathologically confirmed prostate can-
cer was strongly positive for telomerase activity, whereas
only 12% of samples of adjacent BPH tissue taken from
the same prostates were weakly positive. The positive find-
ing of telomerase activity in this 12% raises some impor-
tant questions: were these samples, which were taken from
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matched areas adjacent to prostate cancer, positive due to
small foci of contaminated prostate cancer within the spec-
imen, or were they satellite metastases from the primary
prostate cancer site? It is also notable that the remaining
14% of prostate cancer samples lacked telomerase activity.
Whether these patients would experience a more indolent
clinical course than those with tumors that do express
telomerase will require further follow-up.

In samples taken from men with normal prostates or
BPH only and no clinical or pathologic signs of cancer,
there was no telomerase activity detected. The strong
presence of telomerase activity in prostate cancer cells and
the absence of telomerase activity in BPH samples and
normal prostate tissue suggests the potential for telom-
erase as a cancer marker.

In normal nonmalignant cells, telomere shortening
continues throughout the cell’s life span until a “crisis”
phase is reached in which increased end-to-end chromo-
some fusion occurs and cell death results. During this
phase, the average telomere length is very short or
absent. Cells that are able to overcome this telomere cri-
sis do so by adding short but stable telomere restriction
fragments (TRFs) through the action of telomerase, the-
oretically allowing the production of immortal (i.e.,
malignant) clones. Because these stable TRFs are very
short, it would be expected that overall telomere length
in malignant cells would be actually shorter than those in
nonmalignant cells destined for senescence and death,
but whose telomeres have not yet been shortened by ser-
ial replication. This hypothesis was supported in the
study by Sommerfeld and colleagues that demonstrated
a progressive decline in TRF length from normal
prostate, to BPH, and finally, to prostate cancer cells.4

The concept that the degree of telomerase activity cor-
relates to histologic grade and, hence, prognosis of
prostate cancer is under debate. A recent study by Lin et al
revealed that the relative level of telomerase activity was
directly associated with the degree of pathologic differen-
tiation of the prostate cancer sample.5 When assayed by
serial dilution, high levels of telomerase activity were con-
sistently found in poorly differentiated prostate cancer,
whereas only low levels were detected in well-differentiat-

ed samples. Samples of poorly differentiated prostate can-
cer still expressed telomerase activity after 100-fold dilu-
tion of cell extracts, while well-differentiated prostate can-
cer cells failed to maintain positive telomerase activity fol-
lowing a 10-fold dilution. These results were not repro-
ducible in a study by Zhang et al; however, as the authors
point out, this conflicting finding may be attributed to
their small sample size (n = 101).6 (See Table.)

The strong correlation between prostate cancer and
telomerase activity has multiple implications for its
potential use as a tumor marker as well as a possible
measure of histopathologic differentiation. Measurement
of telomerase activity could provide critical prognostic
information regarding the biological behavior of a
tumor, which in turn affects the clinician’s management
of the patient. Further study of this area is warranted. 

Telomerase and Renal Cell Carcinoma 
Renal Cell carcinoma (RCC) accounts for 90%-95%

of malignant neoplasms arising from the kidney, and its
refractoriness to various cytotoxic agents has been well
documented. Because of the often cryptic clinical pre-
sentation of renal cell carcinoma, patients present to
their physician late in the course of disease progression.
At this time, no reliable tumor markers are available for
the detection and monitoring of RCC.

Similar to prostate cancer, increased telomerase activity
in RCC has been demonstrated using the TRAP assay in
recent studies. The first, published in 1996 by Mehle et al,
found 71% of renal cell carcinomas sampled were positive
for telomerase activity.7 This finding was confirmed by
Rhode et al whose study revealed a 74% correspondence
rate.8 These findings suggest that telomerase activation
early on in carcinogenesis is an important step in renal cell
tumor progression. There is also a consistent relationship
between TRFs found within malignant renal cells. It
appears that malignant cells maintain their shortened
telomere length through multiple cell cycles when com-
pared to control samples which reach senescence follow-
ing loss of the critical minimal telomere length. Conceiv-
ably, this could result from telomerase activation in the
malignant cells which provide them with adequate tandem

Table

Malignant + Telomerase Telomere Telomerase Activty 
Study (Ref #) Cell Type Activity Length Corresponding to Grade

Sommerfeld et al (Ref. 3) prostate 84% shortened N/S

Lin et al (Ref 4) prostate 90% shortened yes

Zhang et al (Ref 5) prostate 92% N/S no

Rhode et al (Ref 7) renal cell 74% shortened no

Mehle et al (Ref 6) renal cell 71% shortened no

N/S = Not studied 



repeat fragments to achieve cell immortality and avoid cell
death.

The heterogenous nature of renal cell carcincoma cre-
ates unique problems when studying the presence of
telomerase activity directly or indirectly by studying TRF
lengths. This heterogeneity may result in sampling errors
which underestimate the true level of telomerase expres-
sion, activity, or TRF changes and may account for the
relatively lower levels of telomerase detected in RCC
compared to prostate cancer.

As described above for prostate cancer, a promising fea-
ture of telomerase detection is the correlation of strength of
activity in dilutional assays with histopathological stage
and grade.6 This has consistently been shown to be true in
other malignancies such as neuroblastomas and gastric and
breast cancers. In contrast to these malignancies, the poten-
tial use of telomerase activity as a prognostic tool has
failed to be proven in studies of renal cell carcinoma.7,8

Although there is a wide varience from weak to strong
telomerase activity among many renal cell carcinomas,
there is no direct relationship between the degree of actvity
and clinicopathologic parameters such as stage and grade.
This implies that telomerase activity is unlikely to prove
useful as a clinical predictor of a patient’s prognosis.

Conclusion
Telomeromase activation within prostate and renal

cells appears to be a critical step in tumorgenesis, allowing
the cell to achieve immortality and avoid cell senescence.
The fact that non-malignant somatic cells lack telomerase
activity adds credence to the importance of this enzyme in
the pathophysiology of malignant cells. The utility of cur-
rently available tumor markers, such as prostate specific
antigen, can be limited by their production by nonmalig-
nant cells. The consistent results of telomerase activity in
prostate and, to a lesser extent, renal cell carcinoma and its
notable absence in BPH and normal cells make it a poten-
tially useful diagnostic tumor marker. Further studies are
needed to determine whether telomerase can also be used
as a reliable indicator of clinical prognosis in prostate can-
cer. (Hey Joo Kang is a medical student at SUNY at Buffa-
lo School of Medicine, Biomedical Sciences.)   ❖
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Fluorescence Br onc hoscop y
and Photod ynamic Therap y
for Earl y Detection and 
Treatment of Lung Cancer
By Tracey Weigel, MD

In 1998, more than 160,000 individuals died of
lung cancer in the United States alone, exceeding the

total mortality from breast, prostate, pancreatic and all
lymphomas and leukemias. Currently, only 14% of
patients with invasive lung cancer are cured using con-
ventional treatment modalities.1 Early (stages IA, IB)
lung cancer is a curable disease with a five-year survival
of 57%-67%.2 Unfortunately, by the time a carcinoma of
the lung is diagnosed it has progressed locally beyond
resectability (stage IIIB) or metastasized (stage IV) in
80% of the cases. The most significant way to prevent
this high mortality from lung cancer appears to be identi-
fication of the disease at an earlier stage, prior to its
becoming a systemic disease. 

The histological response of the respiratory mucosa to
exogenous environmental stresses is a predictable pro-
gression from normal mucosa through metaplasia, dys-
plasia, and carcinoma in situ (CIS), eventually resulting
in invasive carcinoma.3 However, only 29% of CIS and
69% of micro-invasive tumors can be identified with
conventional bronchoscopy.4

As long ago as the 1930s and 1940s, the diagnostic
potential of tissue fluorescence was exploited using a
Wood’s light to differentiate malignant from normal
mucosa.5 Florescence bronchoscopy is now available at
approximately 20 medical centers throughout the United
States and can be used to detect early non-small cell lung
cancers (NSCLCs) and even intraepithelial neoplasias
(IENs) with a high degree of sensitivity. The autofluores-
cent tracheobronchial imaging system currently approved
by the Food and Drug Administration (FDA) is the Xillix
Lung Imaging Fluorescence Endoscopy (LIFE-lung) sys-
tem. The LIFE system uses a helium-cadmium laser to
deliver monochromatic (442 nm) blue light to the
bronchial surface via a standard, Olympus BF20, bron-
choscope. Tracheobronchial mucosal and submucosal flu-
orescence in the red (> 630 nm) and green (520 nm) spec-
tra are simultaneously captured using filters and transmit-
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ted via the fiberoptic bundles of the bronchoscope to an
image intensified camera.6 In vivo spectroscopy, with an
optical multichannel analyzer, then allows the broncho-
scopist to identify dysplasia, CIS, and microinvasive car-
cinomas in the absence of exogenous photo-sensitizers.7

In a normal bronchus, the predominant source of fluores-
cence is the submucosa, and the mucosa appears a bright
green.8 Areas of dysplasia, CIS, and invasive carcinoma
exhibit a progressive decrease in autofluorescence that is
more prominent in the green spectra, resulting in these
lesions appearing reddish-brown. These differences in
autofluorescence may result from morphologic changes
(i.e., from thickening of the overlying, abnormal epitheli-
um or the increase in the bronchial capillary density of
IENs and invasive carcinomas). Alternatively, a loss of
natural fluorophors as bronchial mucosa undergoes malig-
nant transformation may be responsible for the observed
differences in their patterns of autofluorescence. 

Therapeutic Approach
Fluorescence bronchoscopy is routinely conducted as

an outpatient procedure using intravenous conscious
sedation along with aerosolized 1% lidocaine and ceta-
caine spray to achieve topical anesthesia of the oro- and
hypopharynx. The fluorescence exam is usually per-
formed after conventional white-light bronchoscopy
(WLB) simply by changing to the helium-cadmium light
source and connecting the LIFE camera to the BF20
bronchoscope.9

Results of Fluorescence (LIFE) Bronchoscopy
Screening and Surveillance

A multi-institutional, clinical trial conducted by Lam et
al documented that the LIFE-lung system, when used as an
adjunct to conventional WLB, improved the physician’s
ability to identify moderate/severe dysplasia or worse.10

The relative sensitivity of LIFE vs. WLB for invasive carci-
noma was 146% in this trial. Fluorescence bronchoscopy’s
superiority in detecting early, intraepithelial lesions was
clearly demonstrated; 57 intraepithelial neoplasias diag-
nosed on the LIFE examination versus only nine lesions by
WLB alone. The relative sensitivity for LIFE vs. WLB for
intraepithelial neoplasias in this trial was 630%.10

A recent collective review of 1406 patients reported an
incidence of second-primary lung cancers of 11.4% in
patients with a history of lung cancer.1 A prospective
study at the University of Pittsburgh using LIFE as a sur-
veillance tool in these high-risk, post-resection lung can-
cer patients (believed to be disease free) identified occult
lesions in 12% of patients.11 The addition of the LIFE
exam to conventional WLB increased the overall sensitiv-
ity of post-operative screening from 33% to 66%; the rela-
tive sensitivity of LIFE vs. WLB was 200%. With respect

to early lesions (i.e., IENs), 67% were correctly identified
with LIFE bronchoscopy vs. 0% with WLB.12

Curative Photodynamic Therapy (PDT) for
Early, Non-Small Cell Lung Carcinomas

In January 1998, the FDA approved PDT as a curative
treatment modality for microinvasive NSCLCs in
patients that were poor candidates for surgery and/or
radiation therapy. Photodynamic therapy is a promising
new modality for curative treatment of early lung can-
cers. Investigators at the Mayo Clinic documented a
greater than 90% complete response rate using PDT to
treat microinvasive NSCLCs. In the Mayo series, 43% of
the patients were spared surgery at 68 months follow-
up.13 More recently, an 88% complete response rate to
PDT at was achieved in a similar cohort of patients at the
University of Pittsburgh, with a mean follow-up of 19
months.14

Conclusions 
Early detection and careful mapping of pre-invasive

lung lesions in high-risk patients with the fluorescence
bronchoscopy may translate into improved survival. Flu-
orescence bronchoscopic surveillance can identify
lesions at an early stage, when they are potentially cur-
able with minimally invasive, therapeutic interventions
such as photodynamic therapy. In addition, longitudinal
monitoring of IENs with fluorescence bronchoscopy
may help to better define their natural history.

Future Directions
The current paradigm of lung carcinogenesis depicts a

multistage process with potential genetic markers at
each stage.15 Fluorescence bronchoscopy may afford
investigators the opportunity to identify early mucosal
abnormalities harboring molecular genetic lesions prior
to apparent histologic abnormalities.16 Biopsy speci-
mens from these pre-malignant lesions may help unravel
the cascade of molecular events that occur in tracheo-
bronchial mucosa carcinogenesis. Identification of early
molecular markers may facilitate the development of
efficient, molecular sputum screening techniques for
NSCLC as an adjunct to, and/or replacement of tradi-
tional, costly, labor-intense cytologic screening.   ❖

References
1. Lam S, Becker H. Chest Surg Clin North Am

1996;6:363-380.
2. Mountain CF. Chest 1997;111:1710-1717
3. Auerbach O, Stout AP, Hammond EC, et al. N Engl J

Med 1961;265:253-267.
4. Woolner LB, Fontana RS, Cortese DA, et al. Mayo Clin

Proc 1984;59:453-466.
5. Erly L. Cancer Res 1943;1:227-231.
6. George PJM. Thorax 1999;54:181.

Cancer Research Alert 57



7. Palcic B, Lam S, Hung J, et al. Chest 1991;99:742-743.
8. Lam S, Palcic B. Fluorescence detection. In: Roth JA,

et al (eds.). Lung Cancer. Boston: Blackwell Scientific
Publications; 1991:325-338.

9. Wiegel TL, et al. Fluorescence bronchoscopic surveil-
lance in post-resection non-small cell lung cancer
patients. Ann Surg Oncol, accepted for publication.

10. Lam S, Kennedy T, Unger M, et al. Chest
1998;113:696-702.

11. Weigel T, et al. Fluorescence bronchoscopic screening
for second primaries in post-resection non-small cell
lung cancer patients. Accepted for oral presentation,
Chest Nov. 2,1999, Abstract #850179.

12. Weigel T, et al. Fluorescence bronchoscopie surveil-
lance in patients with a history of non-small cell lung
carcinoma. Diagn Therapeaut Endoscopy October
1999, (in press).

13. Cortese DA, Pairolero PC, Bergstralh EJ, et al. J Tho-
rac Cardiovasc Surg 1983;86:373-380.

14. Weigel T, et al. Photodynamic therapy for early, non-
small cell lung cancer. Accepted for oral presentation,
International Biomedical Optics Symposium, San Jose,
CA, January 21-28, 2000.

15. Tockman MS, Gupta PK, Pressman NJ, et al. Can Res
1992;52(9 Suppl):2711s-2718s.

16. Lam S, Macd Aulay CE. Endoscopic localization of pre-
neoplastic lung lesions. In: Martinet Y, Hirsch FR,
Martinet N, et al (eds). Clinical and Biologic Basis of
Lung Cancer Prevention. Basel: Birkhauser Verlag;
1998:231-237.

Special Update
The NIH Peer Review
Process: Your Input 
is Requested for 
an Impending Overhaul
By David A. Corral, MD

The current peer-review system for national
Institutes of Health (NIH) grant applications is about

to undergo a reorganization, and the Center for Scientific
review (CSR), the organization that is responsible for
peer review of approximately three quarters of the
40,000 grant applications, is asking for your thoughts on
the two-phased plan. The current system has grown
along with the NIH (which supports publicly funded
research at a cost of $15.6 billion in fiscal year 1999) but

has changed little in its fundamental mechanisms since
its inception more than 50 years ago. Due in part to a
growing concern that there has been no assessment as to
whether the current system is responsive to the rapidly
changing directions of basic and applied research, the
Panel for Scientific Boundaries for Review was estab-
lished in April 1998 to undertake a comprehensive
examination of the CSR review process. In a recent issue
of Science, Bruce M. Alberts and 15 other members of
the panel explain the current system and the changes
proposed for the system.1

Alberts et al explain that currently the fundamental
units for grant review are 20 Integrated Review Groups
(IRGs). Within each IRG exists a cluster of scientifically
related study sections that will review applications for
individual investigator-initiated grants (RO1s), fellow-
ships (F32s), Small Business Inovations Research
Grants (R43, R44), and others. Through interactions
with extramural investigators as well as critical self-
review, the CSR’s director has identified several areas of
concern with the existing 20 IRGs. In particular, there
are no appropriate study sections for newly emerging
fields, and, as a result, many applications involving some
of the most productive, highest-impact work are forced
to compete within too few study sections. Furthermore,
when review committees are too narrowly focused, they
find it difficult to assess the importance and potential
impact of proposals. Also, it is felt that an undue require-
ment for extensive preliminary data discourages innova-
tion. A proposal for reorganization of the current IRG
system (Phase 1) has been drafted and the full text is
available at the panel’s website: http://www.csr.nih.gov/
bioopp/select.htm. The proposed changes include elimi-
nation of the current Biochemical Sciences, AIDS and
Related Research, and Nutritional and Metabolic Sci-
ences IRGs, division of the Cell Development and
Function IRG into the Molecular Approached to Gene
Function and Molecular Approached to Cell Function
and Interaction IRGs and the splitting of the current
Surgery, Radiology, and Bioengineering IRG into the
Fundamental Bioengineering and Technology Develop-
ment and the Surgery, Applied Imaging, and Applied
Bioengineering IRGs. The proposed new list of IRGs is
as follows:

Chemical Biology and Biophysics IRG will consid-
er applications focused on the detailed structures, chem-
istry, and physics of macromolecules and interacting
small molecules.

Molecular Approaches to Gene Function IRG will
consider applications focused on the molecular mecha-
nisms and regulation of the global processes of gene
expression that are fundamental to all living cells.
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Molecular Approaches to Cell Functions and
Interactions IRG will consider applications at the level
of the functions, interactions, and regulation of cells and
cellular organelles, focusing on fundamental cell biolog-
ical processes.

Fundamental Genetics and Population Biology
IRG will consider applications focused on general
issues in genetics, genomics, and population dynamics. 

Fundamental Bioengineering and Technology
Development IRG will consider applications to develop
fundamental, broadly applicable, new methodologies
and instrumentation. 

Health of the Population IRG will consider applica-
tions focused on broad social, environmental, cultural,
and other contextual influences on health behavior.

Risk, Prevention, and Health Behavior IRG will
consider applications focused on risk, prevention, and
health in the individual; studies of risk and protective
processes, including genetic risk factors; and studies of
interventions aimed at reducing these risks.

Behavioral and Biobehavioral Processes IRG will
consider applications focused on cognitive, perceptual,
intra- and interpersonal processes; studies of normal and
disordered movement; and studies of developmental,
psychopathological, and substance use disorders.

Immunology IRG will consider applications focused
on basic immunology and diseases that are principally
immunological in their origin or manifestations.

Infectious Diseases and Microbiology IRG will
consider applications focused on studies of infectious
diseases, pathogenesis, prevention, and treatment. 

Oncological Sciences IRG will consider applications
focused on cancer, spanning pathogenesis to clinical tri-
als of therapeutics.

Hematology IRG will consider applications focused
on studies of blood cells and their diseases, and studies
of the coagulation system and its pathology.

Cardiovascular Sciences IRG will consider applica-
tions focused on basic studies of heart and vessel devel-
opment and physiology, studies of pathophysiology of
the heart and vasculature, and clinical studies pertaining
to specific cardiovascular diseases and their treatment.

Endocrinology, Metabolism, and Reproductive
Sciences IRG will consider applications focused on
endocrine and reproductive systems and associated dis-
eases, as well as basic intermediary metabolism and
metabolic disorders. 

Bone, Muscle, Connective Tissue, and Skin IRG
will consider applications focused on studies of connec-
tive tissues, which include bone and dental tissues,
skeletal muscle, skin, and the extracellular matrix, and
their associated diseases. 

Digestive Sciences IRG will consider applications
focused on studies of the entire gastrointestinal tract and
related organs. 

Pulmonary Sciences IRG will consider applications
focused on the basic studies of the lung and respiratory
system development and physiology, studies of patho-
physiology of the lung and respiratory system, and clini-
cal studies pertaining to specific pulmonary diseases and
their treatment.

Molecular, Cellular, and Developmental Neuor-
science IRG will consider applications focused on the
basic mechanisms that determine the structure and func-
tion of neurons, glia, and other excitable cells, and
aspects of development in both the central and peripheral
nervous system. 

Integrative, Functional, and Cognitive Neuro-
science IRG will consider applications focused on how
the nervous system is organized and functions at an inte-
grative, systems level. 

Brain Disorders and Clinical Neuroscience IRG
will consider applications focused on disease and injury
to the nervous system, including issues of neural sub-
strate, functional consequences, and rehabilitation. 

Surgery, Applied Imaging, and Applied Bioengi-
neering IRG will consider applications focused on sur-
gical and related disciplines and on applied imaging and
applied bioengineering. 

In addition to proposing changes to the structure of
the IRGs themselves, the panel has outlined a set of “cul-
tural norms” to guide the selection and actions of
reviewers and study sections. These emphasize that the
reviewer need only be fully aware of the research goals
and the research means being proposed. Therefore, the
reviewer need not be a “competitor” of the applicant.
Also, reviewers are not in the business of educating the
applicant or designing the next experiment or grant
application. The panel further discourages an overem-
phasis on preliminary data which could discriminate
against bold new ideas, young scientists, and risk-taking.

The panel intends to complete the Phase 1 framework
in November 1999 and will consider your comments and
suggestions submitted through their Web site by October
15, 1999. Phase 2 of the project involves the creation of
scientifically related study sections to populate each
IRG. These will be determined by a group of expert
extramural scientists and NIH staff who will begin work
in the year 2000 and conclude in approximately two
years.   ❖
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Funding News
The Komen Foundation

For 17 years, the National Grant Program of the
Susan G. Komen Breast Cancer Foundation has pro-
vided funding for basic, clinical, and translational breast
cancer research. In addition, the foundation awards
three-year postdoctoral fellowships to individuals work-
ing under the guidance of experienced cancer
researchers in order to recruit and retain young scientists
in the field of breast cancer research. The Komen foun-
dation directs grant support to research projects with
potential for high impact that may not be considered by
other agencies. Applications for Komen Foundation
Grants are available at the foundation’s Web site:
www.komen.org. The deadline for the 1999 applications
has passed. The deadline for the year 2000 grants has not
yet been announced, but in the past has been in the late
winter/early summer. 

The Komen Foundation accepts applications for
grants to fund research on imaging technology rele-
vant to breast health and breast cancer. This program
is supported by matching funds from the Drown Founda-
tion to develop methods utilizing advanced imaging
technology for early detection and diagnosis of breast
cancer. Projects should be innovative and non-duplica-
tive of other efforts. The program offers funding of
$125,000/year for two years. Applications are accepted
from the United States and from institutions abroad, but
will not be accepted from for-profit entities. U.S. citizen-
ship or residency is not required. 

The Komen Foundation also provides grants to fund
doctoral candidates in the health and social sciences
to conduct dissertation research on breast health and
breast cancer. The program offers funding between
$20,000 and $30,000 over a two-year period that may be
used for salary, tuition, and travel. No specific area of
breast cancer or breast health study, geographic area, dis-
cipline, or population is targeted. Doctoral candidates
must have completed all pre-dissertation requirements
and expect to complete their dissertation within two
years of the grant award. Dissertation supervisors must
hold a faculty appointment at the same institution as the
candidate.

The Komen Foundation awards grants to fund post-
doctoral fellowships in the area of breast cancer
research, public health, and breast cancer epidemiology.

This program is offered with the intent to help post-
doctoral fellows begin or continue independent investi-
gations in breast health and breast cancer. The program
offers funding of $35,000/year for three years. Appli-
cants must be sponsored by a principal investigator from

the same institution. The fellowship candidate must be
no more than three years post completion of PhD or five
years post completion of MD or comparable doctoral
degree in the clinical health profession. U.S. citizenship
or residency is not required. A total of 10 fellowships
will be awarded.

The Komen Foundation offers grants to breast can-
cer researchers in the United States and abroad of up to
$250,000 (combined direct and indirect costs) over a
two-year period. This program emphasizes the support of
projects that are innovative, unique, and have potential to
seed further study. Applications are submitted for peer
review by a national scientific committee in a “blind”
manner. Equipment costs may not exceed 30% of direct
costs and should be project specific. In 1999, a minimum
of $5 million was alllocated for this program.   ❖

CME Questions
17. Hahn et al demonstrated that the three minimum genetic

alterations needed to convert a normal human cell to a cancer
cell include all of the following except:
a. c-myc.
b. hTERT.
c. SV40 large-T antigen.
d. ras (H-RAS V12).

18. hTERT encodes:
a. the large-T oncoprotein.
b. telomerase.
c. the catalytic subunit of telomerase.
d. TRAP.

19. The facilitative glucaose transporter active in erythrocytes is:
a. GLUT1.
b. GLUT2.
c. GLUT4.
d. GLUT6.

20. The insulin-responsive glucose transporter is:
a. GLUT1.
b. GLUT2.
c. GLUT4.
d. GLUT6.

21. Telomerase activity has been detected in what percent of
prostate cancer specimens studied?
a. 92%-100%
b. 84%-92%
c. 76%-84%
d. 68%-76%

60 October 1999 
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