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ABSTRACT:

Background: Predicting the outcome of patients with colorectal adenocarcinoma

(CRCA) prior to surgery would be valuable in selecting high-risk individuals who may

benefit from pre-operative adjuvant therapy. The aim of this study is to determine

whether the expression of TGF-a in preoperative biopsies of patients with CRCA

constitutes a significant prognostic indicator. Methods: We studied the expression of

TGF-a in preoperative biopsies of 106 patients with CRCA, who had at least 5 years

follow-up, using an anti-TGF-a monoclonal antibody and utilizing the ABC

immunoperoxidase technique. For survival analysis, we used the actuarial survival

method, and the Log Rank test for statistical significance. Results: CRCAs with low

TGF-a expression (less than 25% of the tumor cells immunoreactive for TGF-a) had a

significantly poorer survival than those with high TGF-a expression (more than 25%).

After excluding from analysis biopsies showing mucinous or poorly differentiated

CRCA, known predictors of poor prognosis, the results remained significant

(p=0.0289). Conclusion: It is concluded, therefore, that low or absent expression of

TGF-a in pre-operative biopsies of patients with CRCA, as detected by

immunohistochemistry, is a significant predictor of an unfavorable outcome.
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INTRODUCTION

Colorectal adenocarcinoma is the second most common malignancy in females and

third in males. In 1989, 57,382 Americans died of this cancer, and it has been

estimated that, in 1993, 152,000 new cases of colorectal cancer would be diagnosed

and 57,000 deaths would be caused by it (1). Despite significant advances in surgery,

as well as in radiation and chemotherapy, the mortality of colorectal carcinoma has

remained steady over the past 40 years (2), although recent reports show a decrease

in the incidence and mortality of rectal carcinoma attributed to surveillance and early

detection (3). In order to make an impact on the mortality from this cancer, it has been

recommended that research efforts include the development of indicators of the

biological activity of these tumors in order to improve the pre-and post-operative

staging (4). Such improved staging would result in better and more accurate selection

of patients for the different available therapeutic modalities, based on their risk to

benefit ratio.

Recently, more attention is being paid to neo-adjuvant (induction) therapy, which has

shown promising results in advanced breast (5,6) and bladder (7) cancer. In contrast,

clinical trials on colorectal carcinoma patients have yielded conflicting results, perhaps

as a result of the inability to identify pre-operatively those patients with advanced

tumors who are likely to benefit from such therapy (8). Similarly, failure to accurately

predict the extent of some rectal cancers preoperatively has been blamed for the

failures occasionally seen in conservative surgery such as transanal resection (9,10).

Having a reliable predictor of outcome of patients with colorectal carcinoma should be



Younes-4

of great help to treating physicians in choosing the best of available therapeutic

options based on the pre-operative biopsy. This will be also helpful in selecting

the most appropriate course of action for elderly patients with a biopsy diagnosis of

colon cancer, in whom surgery caries a significant morbidity and mortality (11).

Transforming growth factor-Alpha (TGF-o:) is a polypeptide that produces a mitogenic

effect through interaction with the epidermal growth factor receptor (12), and is belived

to promote carcinogenesis in the liver (13-16). TGF-o: is secreted by many colon

cancer cell lines (17-20), and was found to promote the growth of colon cancer cells in

vitro (21-23), acting as an autocrine growth factor. The aim of this work is to determine

to what degree TGF-o: expression in preoperative biopsies of colorectal carcinomas

correlates with the aggressiveness of these cancers, and thus can be used as a

predictor of patient outcome following surgery.
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MATERIALS AND METHODS

PATIENTS: A total of 105 patients with colorectal adenocarcinoma, diagnosed and

treated at The Methodist Hospital (TMH) in Houston, TX during the years 1984-1989,

were entered in the study. All of these patients were treated with surgery alone. The

mean follow-up was 80 months, and the median 69 months. Follow up information was

obtained from the Cancer Registry at TMH.

HISTOLOGY: Hematoxylin and eosin-stained sections of preoperative biopsies were

reviewed and evaluated for mucin production and histologic differentiation.

IMMUNOHISTOCHEMISTRY: Sections of formalin-fixed and paraffin-embedded

biopsies were cut and mounted on Fisher Superfrost Plus slides (Fisher Scientific,

Pittsburgh, PA), and heated at 58°C for 4 hours. Sections were deparaffinized in

xylene and rehydrated through decreasing concentrations of alcohol ending in PBS.

Sections were then incubated with 0.05% saponin (Sigma Chemical Company, St

Louis, MO) for 30 min at room temperature (RT), and washed with PBS X3. The

sections were incubated with 2% normal horse serum in 1% BSA/PBS for 30 minutes

at RT, washed in PBS, and incubated with anti TGF-o: antibody (Ab-2, Oncogene

Science, Uniondale, NY) diluted 1:50 in 0.1% BSA in PBS overnight at 4°C. The

sections were washed in PBS, and the bound antibody was detected using Vectastain

Elite ABC mouse kit (Vector Laboratories, Burlingame, CA), and DAB as the

chromogen. Sections were counterstained with hematoxylin, dehydrated, and
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coverslipped using Accumount (Fisher) as the mounting medium. Slides incubated

with 0.1% BSA in PBS instead of the primary antibody were used as negative control.

EVALUATION OF THE IMMUNOSTAINING: The percent of cancer cells which stained

for TGF-a was semiquantitatively scored as a) 0 (negative), b) <10%, c) 10-25%, d)

25-50%, e) 50-75%, or f) >75%. A cut-off value of 25% was reached by analyzing the

data using all above scores as cut-off values. The cut-off value 25% produced the most

significant result (least p value) by the log rank test.

SURVIVAL ANALYSIS: was performed by the actuarial survival method and the log

rank test for statistical significance, using StatView statistical software for the

Macintosh with Survival Tools, version 4.5.
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RESUL TS:

Positive TGF-ex staining was present in the cytoplasm of the tumor cells. The number of

positive cells varied, and so did the intensity of staining. In all cases, when an area of

the tumor was positive, all cells in that area were positive. Normal epithelial cells,

when present in the same biopsy, also showed positive cytoplasmic staining for TGF-

ex.Examples of a positive and a negative case are shown in figure 1.

When all carcinomas were considered in the analysis, cases with less than 25% of

cancer cells positive for TGF-ex were associated with worse outcome than those with

>25% TGF-a-positive cells (p= 0.0412) (Figure 2). When poorly differentiated

carcinomas and mucinous carcinomas were excluded from the analysis, the difference

in survival remained significant (p= 0.0289) (Figure 3). No association was found

between the percent of TGF-ex positive cancer cells in the biopsy and the stage of the

corresponding resected tumors.
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DISCUSSION

Because of the reported effects of TGF-a as a promoter of growth of colon cancer cells

in vitro (21-23), it appeared somewhat paradoxical to find that decreased TGF-a

expression is actually associated with a poorer survival rate. However, Markowitz at al.

showed that TGF-a and the epidermal growth factor receptor are co-expressed in

normal colonic epithelium as well as colonic adenomas, and they concluded that TGF

a is an important physiologic stimulant of normal epithelial proliferation (24).

Moreover, it has been recently shown that TGF-a can enhance the differentiation of a

colon cancer cell line grown in 3-dimentional collagen gel (25), and that induction of

terminal differentiation of human colon carcinoma cells is associated with a 20-fold

induction of TGF-a (26). These findings seem to indicate that TGF-a is the physiologic

growth and differentiation stimulator of the normal colon epithelium. Therefore,

perhaps the loss TGF-a indicates loss of control over the physiologic growth and

differentiation mechanism, and this is probably the reason why its absence is

associated with a poor prognosis. This is similar to the poor outcome associated with

the loss of estrogen receptors in breast cancer, while estrogen interaction with these

receptors promotes growth of normal breast epithelial cells (physiologic growth

promoter), as well as breast cancer cell lines in vitro.

Our results show that patients with colorectal carcinoma whose preoperative biopsy

shows <25% of the cancer cells to be positive for TGF-a are likely to have a
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significantly worse prognosis than those with a biopsy containing >25% TGF-a

positive cells (p=O.02S9). We conclude that the use of molecular prognostic markers,

such as immunostaining for TGF-a, may be very useful in predicting the outcome of

patients with colorectal carcinoma pre-operatively and therefore selecting the

appropriate therapy, and in planning further clinical trials with neo-adjuvant therapy.



Younes-10

REFERENCES:

1. Boring CC, Squires TS, Tong T. Cancer statistics, 1993. CA cancer J. Clin. 43:7-26,

1993.

2. Greenwald P. Colon cancer overview. Cancer 70:1206-1215,1992.

3. Devesa SS, Blot WJ, Stone BJ, Miller BA, Tarone RE, Fraumeni JF Jr. Recent

cancer trends in the United States. J Natl Cancer Inst 87: 175-182, 1995

4. Cancer of the colon and rectum. Br J Surg 77: 1063-10655, 1990.

5. Lippman ME, Sorace RA, Bagley CS, Danforth DW, Lichter A, Wesler MN.

Treatment of locally advanced breast cancer using primary induction chemotherapy

with hormonal synchronization followed by radiation therapy with or without debulking

surgery. Natl Cancer Inst Monogr 1:153-159, 1986.

6. Stephens Fa. Intraarterial induction chemotherapy in locally advanced stage III

breast cancer. Cancer 66:645-650, 1990.

7. Schultz PK, Herr HW, Zhang Z-F, Bajorin DF, Seidman A, Sarkis A, Fair WR, Scherr

D, Bosl GJ, Scher HI. Neoadjuvant chemotherapy for invasive bladder cancer:

prognostic factors for survival of patients treated with M-VAC with 5-year follow-up. J

CUn Oneal 12: 1394-1401, 1994.



Younes-11

8. Kane MJ. Adjuvant systemic treatment for carcinoma of the colon and rectum. Semin

Oncol 18:421-442, 1991.

9. Marks G, Mohiuddin NM, Masoni L, Pecchioli L. High dose preoperative

radiation and full thickness local excision: a new option for patients with select

cancers of the rectum. Dis Colon Rectum 33:735-739, 1990.

10. Kettlewell MG. Endoscopic transanal resection for rectal cancer. J Colorectal Dis

6:82-83, 1991.

11. Agarwal N, Leighton L, Mandile MA, Cayten CG. Outcomes of surgery for

colorectal cancer in patients age 80 years and older. Am J Gastroenterol 85: 1096

1101,1990.

12. Derynck R. Transforming growth factor a. Cell 54:593-595, 1988.

13. Lee GH, Merlino G, Fausto N. Development of liver tumors in transforming growth

factor a transgenic mice. Cancer Res 52:5162-170, 1992.

14. Kaufmann W K, Zhang Y, Kaufman DG. Association between expression of

transforming growth factor-alpha and progression of hepatocellular foci to neoplasms.

Carcinogenesis 13: 1481-1483, 1992.



Younes-12

15. Hsia CC, Axiotis CA, Oi Bisceglie AM, Tabor E. Transforming growth factor-alpha

in human hepatocellular carcinoma and coexpression with hepatitis B surface antigen

in adjacent liver. Cancer 70: 1049-1 056, 1992.

16. Sandgren EP, Luetteke NC, QiuTH, Palmiter RD, Brinster RL, Lee DC.

Transforming growth factor alpha dramatically enhances oncogene-induced

carcinogenesis in transgenic mouse pancreas and liver. Mol Cell Bioi 13:320-330,

1993.

17. Coffey RJ Jr, Shipley GO, Moses HL. Production of transforming growth factors by

human colon cancer cell lines. Cancer Res 46: 1164-1169, 1986.

18. Coffey RJ Jr, Goustin AS, Soderquist AM, Shipley GO, Wolfshohl J, Carpenter G,

Moses HL. Transforming growth factor a. and B expression in human colon cancer cell

lines: implication for an autocrine model. Cancer Res 47:4590-4594, 1987.

19. Anzano MA, Rieman 0, Prichette W, Bowen-Pope OF, Greig R. Growth factor

production by human colon carcinoma cell lines. Cancer l3es 49:2898-2904, 1989.

20. Untawale S, Zorbas MA, Hodgson CP, Coffey RJ, Gallick GE, North SM, Wildrick

OM, Olive, M, Blick M, Yeoman LC, Boman BM. Transforming growth factor-a.

production in a colorectal carcinoma cell line (DiFi) with an amplified epidermal growth



Younes-13

factor receptor gene. Cancer Res 53: 1630-1636, 1993.

21. Karnes WE Jr, Walsh JH, Wu SV, Kim RS, Martin MG, Wong HC, Mendelsohn J,

Park J-G, Cuttitta F. Autonomous proliferation of colon cancer cells that coexpress

transforming growth factor a and its receptor. Variable effects of receptor-blocking

antibody. Gastroenterology 102:474-485, 1992.

22.Ciardiello F, Bianco C, Normanno N, Baldassarre G, Pepe S, Tortora G, Bianco AR,

Salomon DS. Infection with a transforming growth factor a anti-sense retroviral

expression vector reduces the in vitro growth and transformation of human colon

cancer cell line. Int J Cancer 54:952-958, 1993.

23. Ziober Bl, Willson JKV, Hymphrey lE, Childress-Fields K, Brattani MG. Autocrine

transforming growth factor-a is associated with progression of transformed properties

in human colon cancer cells. J Bioi Chem 268:691-698, 1993.

24. Markowitz SO, Molkentin K, Gerbic C, Jackson J, Stellato T, Willson JKV. Growth

stimulation by coexpression of transforming growth factor":a and epidermal growth

factor-receptor in normal and adenomatous human colon epithelium. J Clin Invest

86:356-362, 1990.

25. Liu D, Gagliardi G, Nasim MM, Alison MR, Oates T, lalani E-N, Stamp GWH,



Younes-14

Pignatelli M. TGF-a can act as morphogen and/or mitogen in a colon-cancer cell line.

Int J Cancer 56:603-608, 1994.

26. Celano P, Berchtold CM, Mabry M, Carroll M, Sidransky 0, Casero RA Jr, Lupu R.

Induction of markers of normal differentiation in human colon carcinoma cells by the v

rasH oncogene. Cell Growth & Differ 4:341-347, 1993.



Younes-15

FIGURE LEGEND:

Figure 1. Immunohistochemical staining for TGF-a in biopsies of colorectal

adenocarcinomas, showing typical cytoplasmic staining. A, positive biopsy. B,

negative biopsy. Immunoperoxidase staining, counterstained with hematoxylin (X

200).

Figure 2. Overall survival for all patients with colorectal adenocarcinoma, according

to the percentage of TGF-a-positive cancer cells in the pre-operative biopsies.

Figure 3. Overall survival for patients with colorectal adenocarcinoma, excluding

those with biopsies showing mucinous or poorly differentiated carcinoma, according to

the percentage of TGF-a-positive cancer cells in the pre-operative biopsies.
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The Prognostic Value of Estrogen Receptor
Immunocytochemistry (ERICA) in Breast
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Estrogen receptor status (ER) is traditionally determined by the immunocytochemical assay
(ERICA) utilizing a formula, the HSCORE, based on the stain intensity and the percentage
of ER-positive cells (%PC). The stain intensity is difficult to control and its determination is
subjective. To determine whether %PC alone can be used instead of HSCORE in determining
ER status in breast cancer, frozen samples from 65 breast cancers were assayed for ER by the
dextran-coated charcoal assay (DCCA), HSCORE, and %Pc. %PC and HSCORE correlated
well. ER status determined by any of the three methods was a significant prognostic factor.
When applied to paraffin sections of a different group of 91'cancers, ER %PC and DCCA did
not give significant results. We conclude that (1) %PC may be used instead of HSCORE for
determining ER in tissue sections and (2) inconsistencies of the prognostic significance of ER
may be due to differences in populations studied.

Introduction

Estrogen receptor (ER) status has been found to be a significant predictor of survival
(1-3) and of response to hormonal therapy (4,5) in women with breast cancer. Tradi
tionally, ER has been determined biochemically using a radiolabeled ligand (6). Al
though the dextran-coated charcoal assay (DCCA) is a well-established quantitative
and objective biochemical method for the determination of ER status, it has many dis
advantages (6), including the minimum of 200 mg of tumoral tissue required for ade
quate determination of ER (6). Since the most notable increase in the incidence of
breast cancer in recent years has been attributed to an increase in the incidence of small
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cancers (7), thereby limiting the amount of tissue available for DCCA, an ER immuno
cytochemical assay (ERICA) that can be applied to histologic sections has been estab
lished (8-16). Although most studies have focused on the correlation between ERICA
and DCCA (8-15), few studies have addressed the value of ERICA as a prognostic
indicator (16-19). Because the quantity of ER in breast cancer is important (4), semi
quantitative manual and computer-assisted methods have been developed for the deter
mination of ER status by ERICA (13-15), based on a formula that takes into account
both the intensity of the immunostaining and the percentage of ER-positive cancer cells
(% PC). Determination of immunostaining intensity is very subjective when performed
manually and has significant variability whether determined manually or by image anal
ysis. Sources of variability in the stain intensity include batch-ta-batch variability, which
depends on the technician, materials, and methods used, and variability in the thick
ness of the tissue sections. In an attempt to address this complicated problem, Battifora
et al. have suggested embedding a control gel containing an ER-positive breast cancer
cell line in the same tissue cassette with each breast cancer specimen to provide an
internal standard (20). Although this technique may control for most of the variables
related to the stain intensity, it is impractical for most laboratories. A few studies have
shown that the percentage of ER-positive cancer cells (%PC) is a significant prognostic
marker in breast cancer (17,18), indicating that the stain intensity may not be a crucial
factor in determining the prognostic value of ER.

The aim of this study was to determine whether %PC can be used instead of the
HSCORE to evaluate ER status in breast cancer, using prognostic value and DCCA
as means of comparison.

Materials and Methods

Patients

Study on Frozen Tissues Sixty-five women with breast cancer with a mean age
of 66 years (range 37-91 years) were entered in this study. The criteria for inclusion
in this study were as follows: (a) Patients had invasive breast cancer that was being
treated at Methodist Hospital in Houston, (b) had a biochemical assay for estrogen
receptors done at the ER laboratory at Baylor College of Medicine, (c) had frozen
tumor tissue available, and (d) agreed to a minimum follow-up of one year. Periopera
tive deaths, tumors of special types, and patients with more than one breast cancer
(including bilateral) were excluded from the study. Tumor size was obtained from the
pathology reports. Nuclear pleomorphism and the degree of differentiation were as
sessed by a single pathologist (R.L.) on hematoxylin and eosin (H&E)-stained tissue
sections according to the Scarff-Bloom-Richardson criteria (21,22). Follow-up infor
mation was obtained from the Cancer Registry at Methodist Hospital.

Study on Fonnalin-Fixed and Paraffin-Embedded Tissues Ninety-one women with
invasive breast cancer with a mean age of 62 years (range 28-90) were entered in the
study, after applying the same inclusion and exclusion criteria detailed above, with
the exception that available frozen tissue was not a requirement for inclusion in the
study. Blocks of formalin-fixed and paraffin-embedded tissue of the resected cancers,
and H&E-stained sections were retrieved. Size, nuclear pleomorphism, differentiation,
and follow-up information were obtained as above.

Biochemical Determination of Estrogen Receptor Status by the Dextran-Coated
Charcoal Assay (DCCA) We used the sucrose gradient centrifugation method (6,23)
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on frozen breast cancer tissues that were snap-frozen within 30 min of removaL The
ligand used was 16a(125IJ-iodo3, 17j>-estradiol (NEN DuPont, Wilmington, DE).

Preparation of TIssue sections The unused portion of the breast cancer tissue
submitted for the DCCA was kept frozen in liquid nitrogen. The frozen tissue was em
bedded in OCT compound (Miles, Elkhart, IN) and snap-frozen in liquid nitrogen .
Then 6-~m-thick cryostat sections were cut on Fisher Superfrost plus slides (Fisher
Scientific, Pittsburgh, PA), immediately fixed in Zamboni's fixative for 10 min at room
temperature (Rf), then washed in 20% sucrose in PBS and frozen at -80°C until used
for staining. Five-~m-thick sections of the formalin-fixed and paraffin-embedded tissues
were cut on Fisher Superfrost Plus slides and heated at 58°C for 4 hr.

ER Immunocytochemical Staining (ERICA) Frozen Sections: All procedures were
carried out at RT, and all washings were in PBS 5 min X 3. Sections were washed,
incubated with 3% normal goat serum in PBS for 30 min, washed, and incubated with

,a 1:40 dilution of antiestrogen antibody in 0.1% BSA in PBS (NCL-ER-LHl, Novo
Castra, obtained through Vector Laboratories, Burlingame, CA) or 1% BSA in PBS
(negative control) for 60 min. The bound antibody was detected by standard streptavidin
biotin technique using a prediluted StrAviGenMultilink HRP kit (Bio Genex. San Ramon,
CA) and DAB for color development. The sections were then counterstained with methyl
green (Sigma Chemical Company. St. Louis, MO). dehydrated through increasing con
centrations of alcohol, cleared in xylene, and mounted and covers lipped using Accu
Mount medium (Baxter Scientific, McGaw Park, IL). Sections of recent cases known
to be ER-positive by the DCCA were used as positive control.

Paraffin sections: Sections of formalin-fixed, paraffin-embedded tissue were
deparaffinized in xylene and rehydrated through decreasing concentrations of alcohol
ending in PBS. Sections were microwaved in 10 mM citrate buffer pH 6.0 for 5 min
X 3, washed in PBS, blocked with 2 % normal goat serum in 1% BSA in PBS for 30
min at room temperature (RT), washed in PBS, and incubated overnight at 4°C with
a 1:40 dilution of antiestrogen antibody in 0.1 BSA in PBS (lDS, AMAC. Inc., West
brook, ME). The sections were washed in PBS, and the bound antibody was detected
using a prediluted StrAviGen Multilink HRP kit (BioGenex) and DAB for color devel
opment. The sections were then counterstained with methyl green (Sigma), dehydrated
through increasing concentrations of alcohol, cleared in xylene. and mounted and cover
slipped using Accu Mount medium. Sections of recent cases known to be ER-positive
by the DCCA were used as positive control.

Evaluation of ERICA The immunocytochemically stained sections were evalu
ated by one pathologist (R.B.) without prior knowledge of patient survival or the results
of the DCCA. Two separate parameters were evaluated for each tumor, the percentage
ofER-positive cancer cells (%PC), and HSCORE (15). HSCORE = L(i + 1) X Pi,
where i is the staining intensity (0, 1+, 2+, 3+, 4+), and Pi is the percentage of cells
in each staining intensity. Up to 612 cancer cells were evaluated in each case (depending
on the size of the tumor in the section; the minimum was 120 cells). Only nuclear
staining was regarded as a positive result. No attempt was made to control for the thickness
of tissue sections.

Statistical Analysis We used the actuarial survival method and the logrank test
for statistical significance. Cutoff values used in this study are those that produced the
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lowest p value when the survival analysis and the logrank test were performed several
times using multiple cutoff values. Regression analysis was used for the correlation
between %PC and HSCORE, and Fisher's-exact test was used to determine the

significance of differences in size, nuclear pleomorphism, and differentiation. Statistical
analysis was performed using StatVlew for the Macintosh with Survival Tools version 4.1.

Results

Frozen TIssues, All Tumors

Most tumors had either < 10% or> 80% of the cells positive for ER by ERlCA (Fig. 1),
and there was an excellent correlation between %PC and HSCORE (R = 0.946, p <
0.0001) (Fig. 2). Survival analysis showed that patients with ER > 7.5 fmol/mg protein,
as determined by DCCA, had better survival than those with ER < 7.5 fmol/mg (p =
0.0109, Fig. 3A). When ER was determined by ERICA, patients with HSCORE > 85.5
had better survival than those with HSCORE < 85.5 (p = 0.0341, Fig. 3B), and pa
tients with %PC > 82% had better survival than those with %PC < 82% (p = 0.0275,
Fig. 3C).

Frozen TIssues, Node-Negative Tumors

The number of patients in this category was 31. Survival analysis, using the same cutoff
values as above, showed that no deaths occurred among the patients with node-negative
cancers who had ER values above the cutoff values, whereas all deaths were among
the patients with ER values below the cutoff values, regardless of the method used for
ER determination (Fig. 4A-C). The p value for any of these curves could not be deter
mined by the rank test because the groups with the higher ER values as determined
by any of the three methods contained no uncensored observations.
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Figure 1. Percentage of ER -positive tumor cells (% PC) in 65 invasive breast carcinomas
evaluated by immunoperoxidase staining on frozen sections. Note that 25% of the patients
have tumors with %PC < 10% and 58% have %PC > 80%.
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Formalin-Fixed and Paraffin-Embedded Tissues, All Tumors

Most tumors had either < 10 % or > 80 % of the cells positive for ER by ERICA (Fig. 5).
Survival analysis using the same cutoff values as for frozen tissues showed no significant
difference in survival between patients with breast cancers having ER > 7.5 fmol/mg
and those with < 7.5 fInol/mg (p = 0.8193, Fig. 6A). Likewise, there was no significant
difference in survival between patients with cancers having ERICA %PC > 82 % and
those with %PC < 82 % (p = 0.6154, Fig. 6B). Several additional cutoff values for
%PC, including those most widely applied in previous studies (5% and 10%), were
also tested and failed to produce statistical significance.

Formalin-Fixed and Paraffin-Embedded tissues, Node-Negative Tumors

The number of patients in this category was 51. No significant difference in survival
was observed between patients with breast cancers having ER > 7.5 fmol/mg and those
with < 7.5 fInol/mg (p = 0.5097, Fig. 7A). Similarly, there was no significant differ
ence in survival between patients with cancers having ERICA %PC > 82 % and those
with %PC < 82% (p = 0.7294, Fig. 7B). When different cutoff values were tested,

a statistically significant difference in survival was obtained with an ER-DCCA value
of25 fmol/mg (p = 0.0414). However, there was no statistically significant difference
in survival for any %PC cutoff value tested. The lowest p value was obtained with
a %PC cutoff value of 89.5% (p = 0.1601).

Size, Nuclear Grade, and Tubule Formation in Node-Negative Tumors

Tumor size was obtained on 25 frozen tumors and 45 paraffin-embedded tumors. Twenty
of the 25 frozen tumors (80 %) were ~ 2.0 cm, whereas 20 of the 45 formalin/paraffin
tumors (44%) were ~ 2.0 cm (p = 0.0054). More frozen tumors showed moderate
to high nuclear pleomorphism (grades 2 and 3) than formalin/paraffin tumors, but this
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Figure 5. Percentage ofER-positive tumor cells (%PC) in 91 invasive breast carcinomas
evaluated by immunoperoxidase staining on formalin/paraffin sections. Note that 35% of
the patients have tumors with %PC < 10% and 54% have %PC > 80%.

difference was not significant (24 of 31, or 78%, vs. 35 of 51, or 69%, respectively;
p = 0.4544). In addition, more tumors were moderately to poorly differentiated (tu
bule formation score 2 or 3) than formalin/paraffin tumors; however, the difference
was not significant (28 of 31, or 90%, vs. 39 of 51, or 76%, respectively; p = 0.147).

Discussion

Breast cancer is the most common cancer and second most common cause of cancer
deaths in women in thl~United States (24,25). It has been estimated that in 1993, 182,000
new cases of breast ~LDcerwill be diagnosed and 46,000 women will die of this disease
(25). Decreasing the mortality from breast cancer will require a combination of preven
tion, early diagnosis, and therapy. For therapy to be appropriate, an analysis of the
risk-to-benefit ratio should be done before therapeutic decisions are made. Risk assess
ment depends largely on the analysis of several prognostic markers of which ER status
is one of the few established and clinically used markers (26). Most clinical trials and
survival analyses using ER as a prognostic marker or as predictor of response to hor
monal therapy have largely depended on DCCA. This assay has many problems (6),
the most important (]Ifwhich are the contradicting reports about its utility as a prog
nostic indicator (17,18,25)and the required sample size of more than 200 mg of tumoral
tissue (6), which renders a large proportion of breast cancers in today's practice unas
sayable for ER by this method.

The contradicting reports on the prognostic significance of ER determined by DCCA
may be largely attributed to sampling, as well as technical variability between different
laboratories. The sampling problem is unavoidable, mainly because the biochemical
assay is based on measuring the cytosolic ER in fmol/mg protein in tissue homogenate.
The ER value, measured as fInol/mg protein, may be influenced by contaminating non
malignant epithelial cells that may express ER (28,29). ER in these normal cells may
vary depending on the phase of the menstrual cycle and use of exogenous hormones
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ERICA evaluated by %PC (B).

(30,31). ER value may also be influenced by the amount of protein in the homogenate
contributed by noncancerous cells in the stroma. Because of these drawbacks, alterna
tive methods for ER determination have been developed utilizing ER immunocytochem
istry (ERICA). The advantage of this technique, at least theoretically, is that it allows
direct visualization and thus direct ER determination in cancer cells. Because the quantity
of ER in breast cancer is prognostically significant, a method for quantitating ER in
tissue sections stained with ERICA, the HSCORE, has been devised (8-15). Although
both components of the formula - staining intensity and percentage of positive cells
are subjective, it is the intensity of staining that is the most variable and subjective
of the two. Although most studies evaluating the prognostic value of ERICA have uti-
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lized the HSCORE, a tew reports have shown that the percentage ofER-positive cancer
cells (%PC) is a significant prognostic indicator in women with breast cancer (17,18).
If this is validated, then ERICA's prognostic value could rely solely on the %PC, thus
eliminating the subjectivity associated with the assessment of staining intensity.

Our results show excellent correlation between %PC and HSCORE (Fig. 2), indi
cating that evaluation of %PC may be sufficient and may replace the HSCORE. Sur
vival analysis confirmed this assumption and showed %PC to be a significant prog
nostic indicator in patients with breast cancer (Figs. 3C and 4C), giving results similar
to those obtained with HSCORE (Figs. 3B and 4B). This supports the hypothesis that
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the %PC, which is simple, less subjective, and subject to less variability, could replace
HSCORE in detennining ER as a prognostic marker in breast cancer.

The cutoff value (82 %) for %PC, and similar Values reported by others using frozen
tissue sections (17,18), are substantially higher than those reported in studies using
formalin-fixed and paraffin-embedded tissues. This value varies from a I.1igh of 30 %

(32) to as low as "any degree of specific nuclear staining recognizable above control"
(33). The reason for this wide discrepancy could be attributed in part to the difference
in antibodies used, but it is most likely due to the fact that formalin fixation reduces
ER immunoreactivity substantially compared to fixatives like Zamboni's and is ad
versely affected by the time of fixation (34). Leong and Milios found that the percentage
of ER-positive cells in archival breast cancer tissue was substantially lower than that
in frozen tissues (35). From the biological standpoint, if in fact loss of ER by cancer
cells is a sign of "bad intentions," one would expect the tumor to behave in a more
aggressive fashion before most of the cells lose their ER. Recent publications, utilizing
new anti-ER antibodies such as ID5, and pretreatment of the sections with microwave
irradiation in citrate buffer, have shown an increase in the sensitivity of assay in formalin
fixed and paraffin-embedded tissue (35). In our study, using this antibody and antigen
retrieval method, the leastp value was obtained with a high %PC value (89.5%), al
though the result was not significant. Another possible explanation for the wide varia
tion is reported cutoff values for %PC is that most breast cancers would fall into one
of two categories: less than 10 % of the cancer cells positive for ER, or more than 80 %
of the cells positive for ER (83 % of the frozen tumors) (Fig. 1). Since relatively few
patients will have % PC values between 10 % and 80 %, it is easy to see that in most
situations the cutoff value is going to be close to either 10% or 80% (depending on
prognosis of patients with ER values between 10 % and 80 %).

Despite the theoretical problems of sampling attributed to the DCCA, ER status
as measured by this method was a significant prognostic indicator in our hands (Figs.
3A and 4A), as has been reported by others. Because there is a wealth of published
data relating ER DCCA to the response to hormonal therapy, and until ERICA shows
similar value, we recommend that DCCA be used for evaluation of ER status if the

tumor size is sufficient. However, in small tumors, %PC as determined by ERICA may
be used instead of the DCCA and HSCORE in determining ER status. Additional studies
are needed to determine whether %PC has a role in predicting the response of breast
cancer to hormonal therapy.

With the advent of antigen retrieval, which makes ERICA on formalin-fixed and
paraffin-embedded breast cancers possible, we tested the hypothesis that %PC is a
significant predictor of survival in patients with breast cancer, when evaluated by paraffin
section ERICA. The immunostained formalin/paraffin tissue sections showed a similar
distribution of %PC in breast cancers (Fig. 5) to that seen with frozen sections (Fig.
1). This indicates that, indeed, most breast cancers will have < 10% or> 80% ER
positive cells (89% of formalin/paraffin tumors). Unlike frozen sections, a %PC of
82 % was not a significant prognostic indicator in paraffin section ERICA (Figs. 6B
and 7B). Initially, we thought that this disappointing result may have resulted from
differences in the techniques used. However, we were surprised and somewhat relieved
to find that ER, as determined by the DCCA on the same tumors, also had no significant
prognostic value with a cutoff of 7.5 fmol/mg (Figs. 6A and 7A), in contrast to the
frozen tumors group.

One of the reasons we used different populations of patients for the frozen and
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formalin/paraffin studies was to test the hypothesis that our %PC cutoff value of 82 %

can be applied with confidence and is reproducible if used by others, especially in pa
tients with node-negative breast cancer, a subset of breast cancer patients in whom
ER and other prognostic markers are often evaluated. However, our data show that
this is not the case. More interestingly, however, is the fact that ER, as determined
by the DCCA, had no consistent prognostic value when performed on two separate
groups of patients, even when only node-negative cancers are considered. Although
it is easy to assume that the different reports in the literature regarding the prognostic
value of ER are likely to be due to differences in methodologies and techniques used
by different laboratories, our DCCA results were done in the same laboratory and
nevertheless resulted in inconsistent results when the same cutoff value was used.

One explanation is that our two groups of patients with node-negative tumors were
not similar in other important characteristics that are known to influence survival. Al
though not statistically significant, the frozen group tended to have slightly more moder
ately to poorly differentiated tumors and slightly more tumors with moderate to high
nuclear pleomorphism than the formalin/paraffin group. The difference in size between
the two groups was, however, significant. Although the size was not available on some
tumors, the available information show that the tumors in the frozen group tended to

be larger than those in the formalin/paraffin group (p = 0.0054). These taken together
show that although the tumors in the two groups were stratified based on nodal status,
other important differences that are known to influence survival still existed in both groups.

Based on our findings, we believe that evaluating the prognostic value of ER in
node-negative patients is of no practical value when considered alone and that future
studies should evaluate receptor status in more homogeneous patient populations, after
taking into account other important traditional prognostic factors, such as tumor size,
grade, and proliferative activity, in addition to the lymph node status. Because ER
DCCA was a significant prognostic indicator at a cutoff value of 7.5 fInol/mg in the
frozen group and at a cutoff value of 25 fInol/mg in the formalin/paraffin group, we
speculate that ER, and most likely other prognostic markers, will have different cutoff
values in each well-characterized homogeneous patient population. Such studies will
likely end the often confusing and contradicting results regarding potential prognostic
markers and cutoff values.

This work was supported in part by the Moran Foundation.
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Colorectal adenocarcinoma is the second most common

malignancy in females and third in males. In 1989, 57,382
Americans died of this cancer, and it has been estimated that,
in 1993, 152,000 new cases of colorectal cancer would be
diagnosed and 57,000 deaths would be caused by it (1).
Despite significant advances in surgery, as well as in radiation
and chemotherapy, the mortality of colorectal carcinoma has
remained steady over the past 40 years (2), although recent
reports show a decrease in the incidence and mortality of
rectal carcinoma attributed to surveillance and early
detection (3). In order to make an impact on the mortality
from this cancer, it has been recommended that research
efforts include the development of indicators of the
biological activity of these tumors in order to improve the
pre-and post-operative staging (4). Such improved staging
would result in better and more accurate selection of patients
for the different available therapeutic modalities, based on
their risk to benefit ratio.

Recently, more attention is being paid to neo-adjuvant
(induction) therapy, which has shown promising results in
advanced breast (5,6) and bladder (7) cancer. In contrast,
clinical trials on colorectal carcinoma patients have yielded
conflicting results, perhaps as a result of the inability to
identify pre-operatively those patients with advanced tumors
who are likely to benefit from such therapy (8). Similarly,
failure to accurately predict the extent of some rectal cancers
preoperatively has been blamed for the failures occasionally
seen in conservative surgery such as transanal resection
(9,10). Having a reliable predictor of outcome of patients
with colorectal carcinoma should be of great help to treating
physicians in choosing the best of available therapeutic
options based on the pre-operative biopsy. This will be also
helpful in selecting the most appropriate course of action for

CRCA, as detected by immunohistochemistry, is a significant

predictor of an unfavorable outcome.

cancer,Key Words: Preoperative biopsy. survival, colon
immunohistochemistry, TGF-a.

0250-7005/96 $2.00+ .40

Abstract. Background: Predicting the outcome of patients with

colorectal adenocarcinoma (CRCA) prior to surgery would be
valuable in selecting high-risk individuals who may benefit from

pre-operative adjuvant therapy. The aim of this study is to

detennine whether the expression of TGF-a in preoperative

biopsies of patients with CRCA constitutes a significant

prognostic indicator. Methods: We studied the expression of

TGF-a in preoperative biopsies of 106 patients with CRCA, who

had at least 5years follow-up, using an anti- TGF-a monoclonal

antibody and utilizing the ABC im,munoperoxidase technique.

For survival analysis, we used the actuarial survival method,

and the Log Rank test for statistical significance. Results:

CRCAs with low TGF-a expression (less than 25% of the tumor

cells immunoreactive for TGF-a) had a significantly poorer

survival than those with high TGF-a expression (more than

25%). After excluding from analysis biopsies showing mucinous

or poorly differentiated CRCA, known predictors of poor
prognosis. the results remained significant (p=O.0289).

Conclusion: It is concluded, therefore, that low or absent

expression of TGF-a in pre-operative biopsies of patients with
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Figure 1. Immunohistochemical staining for TGF-a in biopsies of colorectal adenocarcinomas, showing typical cytoplasmic staining. A. positive biopsy. B.
negative biopsy. Immunoperoxidase staining, counterstained with hematoxylin (X 200).

interaction with the epidermal growth factor receptor (12),

and is belived to promote carcinogenesis in the liver (13-16).
TGF-a is secreted by many colon cancer cell lines (17-20),

and was found to promote the growth of colon cancer cells in

vitro (21-23), acting as an autocrine grO\vth factor. The aim of

(TGF-a) is a

effect thr~ugh

growth factor-Alpha

produces a mitogenic

elderly patients with a biopsy diagnosis of colon cancer, in

whom surgery carie~ a significant morbidity and mortality

(11 ).

Transforming

polypeptide that
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Figure 2. Overall survival for all patiellls with colorectal adenocarcinoma, according to the percentage of TGF-a-positive cancer cells in the pre-operative
biopsies.
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Figure 3. Overall survival for patients ••.ith colorectal adenocarcinoma. excluding those with biopsies showing mucinous or poorly differentiated carcinoma.
according 10 the percentage of TGF-a-positive cancer cells in the pre-operative biopsies.

this work is to determine to what degree TGF-a expression in

preoperative biopsies of colorectal carcinomas correlates with
the aggressiveness of these cancers, and thus can be used as a

predictor of patient o~tcome following surgery.

Materials and Methods

Patients. A total of 105 patients with colorectal adenocarcinoma.

diagnosed and treated at The Methodist Hospital (TMH) in Houston.
TX during the years1984-1989, were entered in the study. All of these
patients were treated with surgery alone. The mean follow-up was 80
months, and the median 69 months. Follow up information was
obtained from the Cancer Registry at TMH.

Histology. Hematoxylin and eosin-stained sections of preoperative
biopsies were reviewed and evaluated for mucin production and
histologic differentiation.
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Imnwnohislochemistry. Sections of formalin-fIxed and paraffin
emocdded oiopsies were cut and mounted on Fisher Superfrost Plus
slides (Fisher Scientific, Pittsburgh. PA), and heated at 58· C for 4
hours. Sections were deparaffinized in xylene and rehydrated through
decreasing concentrations of alcohol ending in PBS. Sections were then
incubated with 0.05% saponin (Sigma Chemical Company, St Louis,
MOl for 30 min at room temperature CRT), and washed with PBS X3.
The sections were incubated with 2% normal horse serum in 1%

BSNPBS for 30 minutes at RT, washed in PBS. and incubated with anti

TGF-a antibody CAb-2, Oncogene Science. Uniondale. NY) diluted 1:50

in 0.1% BSA in PBS overnight at 4· C. The sections were washed in
PBS. and the bound antibody was detected using Vectastain Elite ABC
mouse kit (Vector Laboratories, Burlingame. CA), and DAB as the
chromogen. Sections were counterstained with hematoxylin, dehydrated,
and coverslipped using Accumount (Fisher) as the mounting medium.
Slides incubated with 0.1 % BSA in PBS instead of the primary antibody
were used as negative control.

Evaluation of the immunostaining. The percent of cancer cells which
stained for TGF-a was semiquantitatively scored as a) 0 (negative), b)
< 10%, c) 10-25%. d) 25-50%, e) 50-75%, or f) > 75Q. A cut-off value of
25% was reached by analyzing the data using all above scores as cut -off
vall ~s. The cut-off value 25% produced the most significant result (least
p value) by the log rank test.

Sun'il'al analysis. Was performed by the actuarial survival method and
the log rank test for statistical significance, using StatView statistical
software for the Macintosh with Survival Tools. version 4.5.

Results

Positive TGF-a staining was present in the cytoplasm of the
tumor cells. The number of positive cells varied, and so did
the intensity of staining. In all cases, when an area of the
tumor was positive, all cells in that area were positive. Normal
epithelial cells, when present in the same biopsy, also showed
positive cytoplasmic staining for TGF-a. Examples of a
positive and a negative case are shown in Figure 1.

When all carcinomas were considered in the analysis, cases
with less than 25% of cancer cells positive for TGF-a were
associated with worse outcome than those with >25% TGF

a-positive cells (p= 0.0412) (Figure 2). When poorly
differentiated carcinomas and mucinous carcinomas were

excluded from the analysis, the difference in survival
remained significant (p= 0.0289) (Figure 3). No association
was found between the percent of TGF-a positive cancer
cells in the biopsy and the stage of the corresponding
resected tumors.

Discussion

Because of the reported effects of TGF-(! as a promoter of
growth of colon cancer cells in vitro (21-23), it appeared
somewhat paradoxical to find that decreased TGF-a
expression is actually associated with a poorer survival rate.
However, Markqwitz at al. showed that TGF-a and the
epidermal growth factor receptor are co-expressed in normal
colonic epithelium as well as colonic adenomas. and they

concluded that TGFa is an important physiologic still1~lant of
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normal epithelial proliferation (24). Moreover, it has been
recently shown that TGF-a can enhance the differentiation of
a colon cancer cell line grown in 3-dimentional collagen gel
(25), and that induction of terminal differentiation of human
colon carcinoma cells is associated with a 20-fold induction of

TGF-a (26). These findings seem to indicate that TGF-a is
the physiologic growth and differentiation stimulator of the
normal colon epithelium. Therefore, perhaps the loss TGF-a
indicates loss of control over the physiologic growth and
differentiation mechanism, and this is probably the reason
why its absence is associated with a poor prognosis. This is
similar to the poor outcome associated with the loss of
estrogen receptors in breast cancer, while estrogen interaction
with these receptors promotes growth of normal breast
epithelial cells (physiologic growth promoter), as well as
breast cancer cell lines in vitro.

Our results show that patients with colorectal carcinoma
whose preoperative biopsy shows <25% of the cancer cells to
be positive for TGF-a are likely to have a significantly worse
prognosis than those with a biopsy containing >25% TGF-a
positive cells (p=0.0289). We conclude that the use of
molecular prognostic markers, such as immunostaining for
TGF-a, may be very useful in predicting the outcome of
patients with colorectal carcinoma pre-operatively and
therefore selecting the appropriate therapy, and in planning
further clinical trials with neo-adjuvant therapy.

References

Boring CC Squires TS. Tong T: Cancer statistics, 1993. CA cancer J.
Clin. 43: 7-26, 1993.

2 Greenwald P: Colon cancer overview. Cancer 70: 1206-1215. 1992.

3 Devesa SS, Blot WJ, Stone BJ, Miller BA, Tarone RE, Fraumeni JF

Jr: Recent cancer trends in the United States. J Natl Cancer Inst 87.'

175-182. 1995

4 Cancer of the colon and rectum. Br J Surg 77: 1063-10655. 1990.

5 Lippman ME, Sorace RA, Bagley CS, Danforth OW, Lichter A.

Wesler MN: Treatment of locally advanced breast cancer using

primary induction chemotherapy with hormonal synchronization

followed by radiation therapy with or without debulking surgery. Natl

Cancer Inst Monogr 1: 153-159, 1986.

6 Stephens FO: Intraarterial induction chemotherapy in locally

advanced stage 111 breast cancer. Cancer 66: 645-650. 1990.

7 Schultz PK. Herr HW. Zhang Z-F. Bajorin DF. Seidman A, Sarkis A.

Fair WR. Scherr D. Bosl GJ. Scher HI: Neoadjuvant chemotherapy

for invasive bladder cancer: prognostic factors for survival of patients

treated with M- VAC with 5-year follow-up. J Clin Oncol 12: 1394
1401. 1994.

8. Kane MJ: Adjuvant systemic treatment for carcinoma of the colon and
rectum. Semin Oneal 18: 421 -442. 1991.

9 Marks G, Mohiuddin NM, Masoni L Pecchioli L: High dose

preoperative radiation and full thickness local excision: a new option

for patients with select cancers of the rectum. Dis Colon Rectum 33:
735-739. 1990.

10 Kettlewell MG: Endoscopic transanal resection for rectal cancer. J
Colorectal Dis 6: 82-83. 1991.

11 Agarwal N, Leighton L. Mandile MA. Cay ten CG: Outcomes of



Younes el a/: TGF-a in Colon Cancer Biopsies

I
,I

I
I
I
I

surgery for colorectal cancer in patients age 80 years and older. Am J

Gastroenterol85: 1096-1101. 1990.

12 Derynck R: Transforming growth factor a. Cell 54: 593-595,1988.

13 Lee GH, Merlino G, Fausto N: Development of liver tumors in

transforming growth factor a transgenic mice. Cancer Res 52' 5162

170,1992.

14 Kaufmann W K. Zhang y, Kaufman DG: Association between

expression of transforming growth factor-alpha and progression of

hepatocellular foci to neoplasms. Carcinogenesis 13: 1481-1483, 1992.

15 Hsia Cc, Axiotis CA. Di Bisceglie AM, Tabor E: Transforming

growth factor-alpha in human hepatocellular carcinoma and

coexpression with hepatitis B surface antigen in adjacent liver.
Cancer 70: 1049-1056, 1992.

16 Sandgren EP, Luetteke Nc, Qiu TH. Palmiter RD, Brinster RL, Lee

DC: Transforming growth factor alpha dramatically enhances

oncogene-induced carcinogenesis in transgenic mouse pancreas and
liver. Mol Cell BioI 13: 320-330, 1993.

17 Coffey RJ Jr, Shipley GD, Moses HL: Production of transforming

growth factors by human colon cancer cell lines. Cancer Res 46:
1164-1169,1986.

18 Cofley RJ Jr, Goustin AS, Soderquist AM, Shipley GD, Wolfshohl J,

Carpenter G, Moses HL: Transforming growth factor a and B

expression in human colon cancer cell lines: implication for an

autocrine model. Cancer Res 47: 4590-4594,1987.

19 Amano MA. Rieman D, Prichette W, Bowen-Pope DF, Greig R:

Growth factor production by human colon carcinoma cell lines.
Cancer Res 49: 2898-2904, 1989.

20 Untawale S, Zorbas MA. Hodgson CP, Coffey RJ, Gallick GE, North
SM, Wildrick DM, Olive. M, Blick M, Yeoman LC, Boman BM:

Transforming growth factor-a production in a colorectal carcinoma

cell line (DiFi) with an amplified epidermal growth factor receptor

gene. Cancer Res 53: 1630-1636, 1993.

21 Karnes WE Jr, Walsh lH, Wu SV, Kim RS, Martin MG, Wong HC,

Mendelsohn J. Park J-G, Cuttitta F: Autonomous proliferation of

colon cancer cells that coexpress transforming growth factor (t and its

receptor. Variable effects of receptor-blocking antibody. Gastro

enterology 102: 474-485,1992.

22 Ciardiello F, Bianco C, Normanno N, Baldassarre G, Pepe S. Tortora

G, Bianco AR. Salomon DS: Infection with a transforming growth

factor a anti-sense retroviral expression vector reduces the in vitro

growth and transformation of human colon cancer cell line. 1nt J
Cancer 54: 952-958. 1993.

23 Ziober BL, Willson JKV, Hyrnphrey LE Childress-Fields K. Brattani

MG: Autocrine transforming growth factor-a is associated with

progression of transformed properties in human colon cancer cells. J
BioI Chern 268: 691-698, 1993.

24 Markowitz SD, Molkentin K. Gerbic C, Jackson J, Stellato T, Willson

JKV: Growth stimulation by coexpression of transforming gro"'1h

factor-a and epidermal growth factor-receptor in normal and

adenomatous human colon epithelium. J Clin Invest 86: 356-362.
1990.

25 Liu D, Gagliardi G. Nasim MM. Alison MR, Oates T, Lalani E-N.

Stamp GWH, Pignatelli M: TGF-a can act as morphogen and/or

mitogen in a colon-cancer cell line. Int J Cancer 56: 603-608. 1994.

26 Celano P, Berchtold CM, Mabry M, Carroll M, Sidransky D. Casero

RA Jr, Lupu R: Induction of markers of normal differentiation in

human colon carcinoma cells by the vrasH oncogene. Cell Groy,1h &
Differ 4: 341 -347. 1993.

Received February 15, 1996

Accepted March 4, 1996

2003


