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Vascular Endothelial Growth Factor, Transforming
Growth Factor-�, and Estrogen Receptors:
Possible Cross-Talks and Interactions

To the Editor-in-Chief:

Recently, we read with special interest the paper pub-
lished by Graubert et al1, concerning the modulation of
vascular endothelial growth factor (VEGF) during the
menstrual phases. The authors made several state-
ments regarding the VEGF mRNA levels in endometrial
stromal cell cultures submitted to different estrogen
and progesterone in vitro treatments. They concluded
that hypoxia induced a 2.4-fold increase in VEGF
mRNA levels by 48 hours of exposure, estrogen and
progesterone stimuli slightly raised the VEGF mRNA
levels, and no decrease in VEGF mRNA was observed
after withdrawal of the estrogen and progesterone.1 In
addition, the authors also infer that it is unlikely that
steroids play a direct role on VEGF regulation, a view
that is controversial, and in contrast with our findings in
breast epithelial cells.2,3

We have been studying the effects of estrogen and
progesterone in the expression of VEGF mRNA and pro-
tein using a human breast cancer cell line, MCF-7
(ATCC). Briefly, after culturing MCF-7 breast cancer cell
line for 48 hours with 17�-estradiol 1 � 10�9 mol/L (Sig-
ma) or progesterone 1 � 10�8 mol/L (Sigma), we evalu-
ated the expression of mRNA and protein levels of an-
giogenic factors, namely VEGF, by RT-PCR and Western
blotting, respectively. Whereas Graubert et al1 observed
only a slight increase in VEGF transcript after estrogen
stimulation, our preliminary results demonstrate that,
somehow, estrogen induces VEGF overexpression, both
in mRNA and protein levels. In accordance with our re-
sults, a recent report showed the presence of estrogen
response elements in VEGF gene promotor region,4 indi-
cating that estrogens are, in fact, involved in VEGF up-
regulation.

In the last two years, several papers concerning the
different patterns of estrogen receptor (ER) � and �
expression by epithelial, stromal, and vascular endo-
thelial endometrial cells have been published.5– 8 Muel-
ler et all5 and Lecce et al6 showed a highly complex
pattern of � and � receptor distribution during the
menstrual cycle. It has been shown that ER-� and ER-�
mRNA levels in the eutopic endometrium were affected
by a cycle change in ovarian hormones.7 We would be
interested in knowing the estrogen receptor profile of
those stromal endometrial cells during the cell culture,
since no basal tonus hormonal stimulation was main-
tained during the experiment, or at least it is not shown.

This might lead to a down-regulation of the estrogen
receptors, since their expression is transient during the
menstrual cycle and is highly dependent on the estro-
gen, progesterone, luteinizing hormone, and follicle
stimulating hormone levels.7,8 A distinct pattern of ER
among breast and endometrium tissues would also
explain the discrepancy between the Graubert et al1

results and ours. It is also known that different ER
modulators (both ER coactivators and corepressors)
are differentially expressed within different organs,
which would lead to different responses after estrogen
stimulus.

Conversely, the authors showed a moderate increase
in VEGF mRNA levels after progesterone treatment;1

these findings are very similar to what we observed in
MCF7 in vitro experiments. VEGF is involved in prolifera-
tion and migration of vascular endothelial cells. Since
progesterone is mainly synthesized during endometrial
secretory phase, this steroid hormone is likely to mediate
the growth and maintenance of stable coiled arterioles
that characterize this phase, through the activation of
growth factors other than VEGF.

Moreover, these authors did not find any increase in
mRNA levels of TGF-� and IL-1� when the endometrial
cells were submitted to hypoxic stimulus.1 We also eval-
uated the hypoxic effects in MCF-7 cultures using a dif-
ferent model (hypoxia-like effect induced by CoCl2
added to culture medium). Despite the differences in our
model and the one used by the authors,1 our results were
very similar concerning the TGF-� mRNA and protein
levels. In fact, TGF-� expression was not induced by
hypoxic conditions in MCF-7 cells.

Our group has previously reported that TGF-�, a
growth factor activated by estrogen,2,3 associated with
higher angiogenic rates in a series of 86 invasive breast
cancer cases.2,3 Since ER-� is the predominant activated
isotype in breast tissue, and in agreement with TGF-�-
driven VEGF up-regulation reported by Graubert et al1 in
stromal endometrial cells, we can hypothesize that ER-�
activated on estrogen stimulus might promote TGF-� ex-
pression, which up-regulates VEGF. This putative mech-
anism defines a relevant role of estrogen in angiogenic
switch. However, further studies are needed to reach a
conclusive model of ER-�, ER-�, TGF-�, and VEGF cross-
talk.
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We thank the group at the University of Porto (Portugal)
for their interest in our work and for bringing to discussion
some important aspects related to regulation of VEGF by
steroids, a much-debated issue.

In our recently published manuscript1 we described
consistent, but modest, increases in VEGF mRNA levels
under culture conditions when exposed to steroids. This
was contrasted by the effect of hypoxia and other cyto-
kines (IL-1 and TGF-�), which elevated VEGF mRNA
nearly 10-fold. Results from Northern blots of total endo-
metrial tissue using human subjects with hormonal deter-
mination of cycle stage revealed that overall VEGF mRNA
is significantly increased upon menstruation, a time when
both estrogen and progesterone levels are lowest and
hypoxia is highest. The combination of these results and
much validation from in vitro experiments supported our
general conclusion that “it is unlikely that sex steroids
play a significant role on VEGF regulation during post-
menstrual repair as circulating estrogen and progester-
one levels are physiologically low at this point in the
cycle” (Am J Pathol 158:1408). If one is to focus attention
on the proliferative and secretory phases, results from our
Northern analysis support that VEGF is increased by 1.6-
and 1.8-fold, respectively, considering 1-fold levels in
early proliferative phase. Whether steroids alone are re-
sponsible for these increases requires further investiga-
tion.

More revealing and pertinent to the discussion at hand
are results from in situ hybridization. Evaluation of VEGF
transcripts in the endometrium of women during the pro-

liferative phase showed low levels in the glands (Figure 1
A and B, open arrows) and higher expression in the
stroma (closed arrows). In contrast, secretory endome-
trium showed strong transcript levels in the glands (open
arrows) with light expression in the stroma (C and D,
closed arrows). These results were not included in our
manuscript because the major conclusions have been
previously published by another group using immunocy-
tochemistry, but with identical results.2 The take-home
message is that different cellular compartments respond
differently to the same hormonal levels. Naturally it is the
combination of multiple signaling pathways and their in-
tegration that results in variations of transcript levels. We
feel that keeping this in mind is essential for interpretation
of in vitro data.

The group of Porto reports unpublished information
using MCF-7 cells. We do not argue with their findings. In
fact, increases of VEGF by estradiol has been reported
by several groups (a brief evaluation shows 12 published
papers centered on this subject alone). Our overall as-
sessment from working on this problem and closely fol-
lowing the literature is that different cells will respond
differently to similar signals and this appears to be the
case with VEGF. In addition, in vivo validation is essential
to ascertain the biological relevance of in vitro findings. In
this light, in a recent publication in AJP, using the VEGF
promoter linked to GFP might prove to be of extreme
value.3 Not to be repetitive, we would like to direct inter-
ested readers on the subject to a well put together com-
mentary by Drs. Sengers and Van De Water4 on that
same issue.

Finally, thanks to the editorial panel of The American
Journal of Pathology for providing us with the opportunity
to present our response and to Dr. Larry Brown (Depart-

Figure 1. Localization of VEGF mRNA in human endometrium during late
proliferative (A and B) and late secretory (C and D) stages. Shown are paired
bright-field and dark-field photomicrographs of the same microscopic field.
Epithelial cells from glands are indicated with open arrows. Stromal endo-
metrial cells are indicated with closed arrows.

382 Correspondence
AJP January 2002, Vol. 160, No. 1



ment of Pathology, BIDMC, Boston, MA) for allowing to
use his in situ data as part of this response.
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Accurate Gene Expression Measurement in
Formalin-Fixed and Paraffin-Embedded Tumor
Tissue

To the Editor-in-Chief:

In the February 2001 issue of The American Journal of
Pathology, Specht and colleagues1 have published tech-
nical advances in their article entitled “Quantitative Gene
Expression Analysis in Microdissected Archival Formalin-
Fixed and Paraffin-Embedded Tumor Tissue.”1 In con-
trast to earlier published data, where RNA extraction and
subsequent RT-PCR from formalin-fixed and paraffin-em-
bedded tissue (FFPE) has been reported to be cumber-
some,2 Specht et al1present an optimized protocol for
RNA extraction from FFPE tissue, followed by the power-
ful TaqMan quantitative RT-PCR methodology.3 Major im-
provement of RNA extraction is achieved by prolonged
proteinase K digestion at 60°C. In addition, the choice of
very short amplicons, tolerating a high degree of RNA
degradation, represents a major breakthrough.

In a different system, we have observed a high toler-
ance of TaqMan measurements towards RNA degrada-
tion. Human colon tissue was incubated at room temper-
ature from 10 minutes up to 4 hours prior to RNA
extraction. At up to 90 minutes, incubation at room tem-
perature revealed no detectable degradation of RNA as
indicated by a ratio of 28S:18S � 2 evaluated by the RNA
6000 LabChip kit with the Agilent 2100 Bioanalyzer. Deg-
radation was observed after 120 minutes by a decreased
ratio of 28S:18S of 1.4. Thereafter, the ratio further de-

creased to zero and accumulation of short RNA frag-
ments was detected. However, the quantitative determi-
nation of the amount of GAPDH, �-actin, c-Myc, and
Fra-1 expression using the TaqMan technology did not
alter over the complete time range. Amplified amplicons
were 69 to 83 base pairs in size.4

Specht et al1 have chosen an HT29 and A431 xeno-
graft model to test relative gene expression of various
genes in adjacent lying frozen and FFPE tumor halves.
Whereas several genes showed no difference in expres-
sion levels as compared between frozen and FFPE, the
levels of FGF-R4 and of EGF-R varied significantly. These
differences seem to occur in a non-predictable manner.
On the other hand, we observed a clear gene expression
difference in tissues with low-quality RNA (eg, FFPE)
compared to frozen tissue, especially when genes with
low expression levels were compared.

Furthermore, Specht et al1 have tested the influence of
tissue thickness on fixation and RNA degradation. They
stated that in tissue thickness of up to 7 cm no differ-
ences of RNA expression levels were found, irrespective
of whether measurements were carried out at either the
surface or at pre-defined levels (1 cm, 2 cm, etc.) inside
the tissue. A rule of thumb states that tissue thickness
should not exceed 5 mm in at least in one spatial dimen-
sion to allow proper fixation.5 However, the authors do not
indicate whether the given tissue thickness addresses all
three dimensions (eg, 7 � 7 � 7 cm3) or only one.
Therefore, it remains speculative whether the presented
data reflect an unfavorable or a rather favorable fixation
condition.

Laser microdissection represents a powerful tool to
study gene expression in a histomorphological context.
The opportunity to investigate archival FFPE tissue would
allow one to take advantage of the huge amount of tissue
samples stored in pathological institutes. Specht et al1

investigated the expression of HER-2/neu mRNA in FFPE
esophageal adenocarcinomas. Tumors having a HER-2/
neu amplification and a 3� EGFR immunohistochemistry
were microdissected and HER-2/neu mRNA was quanti-
tated. The data showed a large variability in HER-2/neu
mRNA quantity. The large variation in HER-2/neu mRNA
expression may reflect the heterogeneous mRNA expres-
sion levels throughout a tumor specimen, where HER-2/
neu positive cell clusters have been arbitrarily microdis-
sected and analyzed. However, it cannot be excluded
that fixation parameters such as fixation delay, time, and
temperature may account for the large expression vari-
ability. Frozen sections were not included in the study to
test differences due to fixation parameters.

Taken together, the authors present very important
improvements for the RNA extraction from FFPE tissue
and subsequent quantitation using TaqMan methodol-
ogy. We still think that a fully controlled standardization of
tissue fixation and processing, including testing for RNA
quality prior to qualitative analysis, is a prerequisite for
accurate gene expression measurement in FFPE tissue
and at the same time insures comparative immunohisto-
chemistry analysis.
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Microsatellite Instability in Colorectal Cancer:
Prognostic, Predictive or Both?

To the Editor-in-Chief:

Guidoboni et al1 recently described favorable clinical
outcome for proximally-located colorectal cancers (CRC)
showing microsatellite instability (MSI�). This is in agree-
ment with some2–4 but not all5,6 previous studies on the
prognostic significance of this genetic alteration. Clarifi-
cation is urgently required because of the possible con-
sequences for selection of patients to receive adjuvant
chemotherapy. Unfortunately, most of the studies to date
have been difficult to interpret because of differences in
MSI assessment criteria, as well as the use of mixed
tumor stages, selected patient populations and adjuvant
chemotherapy. For example, both the Guidoboni et al1

and an earlier study4 used the Bethesda criteria to define
tumors as being MSI-H (high instability), yet the former
report an incidence of 43% in proximal tumors compared
to 25% for the latter.

We recently found that MSI�, defined only as deletions
in the mononucleotide repeat BAT-26, was prognostic for
CRC patients treated by surgery and chemotherapy, but
not for those treated with surgery alone.7 The first obser-
vation was subsequently confirmed by Hemminki et al.3

As with other studies,2,4–6 we compared the survival of
MSI� patients to that of all MSI� patients. However,
approximately 90% of sporadic MSI� tumors are found in
the proximal colon,2–4,7 therefore the outcome of patients
with these tumors should be compared to that of patients
with MSI-proximal tumors, as in the report by Guidoboni
et al.1 Multivariate analysis for factors affecting survival in
stage III proximal tumors showed that MSI� was a strong
prognostic indicator for patients (n � 94) treated with
chemotherapy (RR � 0.15, 95% CI:[0.04–0.64], P �
0.010) but not for those (n � 228) treated by surgery

alone (RR � 0.70, 95% CI:[0.44–1.14], P � 0.151). A
trend for improved survival was evident in the latter group
and therefore MSI status may show significant prognostic
value when used in combination with activated cytotoxic
lymphocyte counts.1

By comparing the survival of CRC patients treated with
or without fluoropyrimidine-based (5FU) chemotherapy,
we found that MSI� is a predictive factor for good sur-
vival benefit from chemotherapy.7,8 This finding is indi-
rectly supported by observations made with the p53 tu-
mor suppressor gene. CRC patients with wild-type, but
not mutant p53, gain significant survival benefit from che-
motherapy.8,9 Since almost all MSI� tumors have wild-
type p53,8,10 it is perhaps not surprising that patients with
these tumors should also show good survival benefit from
chemotherapy. Validation of the predictive value of MSI�
should preferably be carried out in the context of pro-
spective clinical trials that include adjuvant treatment and
non-treatment arms. However, because of the wide-
spread acceptance of 5FU in the treatment of stage III
CRC, it will be increasingly difficult to include non-treat-
ment arms in future trials. Clinical trials of stage II CRC
where patients are first stratified according to MSI status
before randomization into treatment and non-treatment
arms could be considered, although these will require
larger numbers than for trials of state III CRC. Alternately,
large retrospective studies that use defined MSI assess-
ment criteria, tumor stage, patient characteristics, and
adjuvant therapy status should allow comparison of sur-
vival rates between MSI� and MSI� proximal CRC pa-
tients (prognostic value) and between adjuvant-treated
and non-treated MSI� cases (predictive value). Such
studies should finally allow resolution of whether MSI� in
CRC is prognostic, predictive or, as we suspect, both.

Marius van Rijnsoever
Hany Elsaleh

Barry Iacopetta
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Nedlands, Australia
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The need for robust markers for a better prognostic def-
inition of patients with colorectal cancer (CRC) has been
increasingly pressing during the last decade. The intro-
duction of adjuvant chemotherapy in the routine clinical
management of patients with stage III CRC or in patients
with high-risk stage II disease further enhanced the need
for more precise prognostic indicators to efficiently direct
the therapeutic choice. In the last years, several studies
have investigated the prognostic significance of high-
frequency microsatellite instability (MSI-H) in colon can-
cer, sometimes yielding conflicting results.1–5 Notwith-
standing, the positive prognostic value of MSI-H in CRC
has been convincingly demonstrated by recent large
population-based studies in which standardized criteria
for MSI-H assessment have been used.4,5 Besides con-
firming the favorable clinical outcome of MSI-H CRC, our
results also demonstrated that the prognostic value of the
MSI status alone is significantly enhanced by the com-
bined evaluation of the number of intratumoral-activated
cytotoxic lymphocytes.6 This supports the hypothesis
that MSI-H tumors may continuously produce new immu-
nogenic epitopes as a consequence of the inherent de-
fective DNA mismatch repair and may explain why pa-
tients with MSI-H CRC who are able to mount effective
antitumor immune responses have a particularly favor-
able clinical outcome.

We fully agree with van Rijnsoever et al that MSI has
relevant implications for the selection of CRC patients to
receive adjuvant chemotherapy. Nevertheless, the puta-
tive role of MSI as a predictor of response to chemother-
apy is still controversial.4,7,8 Our recent results do not
seem to support such a generalized role, since the large
majority (79.8%) of patients from our series did not re-
ceive any additional therapy besides radical surgery,
suggesting that adjuvant treatment could be useless in
cases showing both MSI-H and high numbers of acti-
vated cytotoxic lymphocytes.6 On the other hand, adju-
vant chemotherapy could be beneficial to those MSI-H

cases (24% in our series of proximal CRC) showing no
evidence of local antitumor immune responses. In this
respect, it should be considered that, besides direct
cytotoxic activity, 5FU-based regimens may also have
immunomodulatory effects that could contribute to en-
hance the responsiveness of this subset of tumors.9–10

As pointed out by van Rijnsoever et al, validation of
the predictive value of MSI-H should require prospec-
tive clinical trials including adjuvant treatment and non-
treatment arms. Nevertheless, due to the difficulties to
include non-treatment arms in future trials, particularly
in stage III CRC, as a first approach, we would favor
the re-evaluation of large retrospective studies com-
prising both treated and non-treated arms, using stan-
dardized MSI assessment criteria, as well as defined
tumor stage, patients’ characteristics, and adjuvant
therapy. In this respect, we also strongly recommend
considering the number of activated cytotoxic lympho-
cytes infiltrating CRC, which may allow a more precise
assessment of the prognostic and, perhaps, the pre-
dictive value of MSI-H.
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