
The effect of protease inhibitors and gastrin
releasing peptide receptor antagonists

on human small cell lung cancer growth

Item Type text; Dissertation-Reproduction (electronic)

Authors Clark, David Albert.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:15:05

Link to Item http://hdl.handle.net/10150/186391

http://hdl.handle.net/10150/186391


INFORMATION TO USERS 

This m~uscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely, event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

3131761-4700 800/521-0600 





Order Number 9408468 

The effect of protease inhibitors and gastrin releasing peptide 
receptor antagonists on human small cell lung cancer growth 

Clark, David Albert, Ph.D. 

The University of Arizona, 1993 

U·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





THE EFFECT OF PROTEASE INHIBITORS AND GASTRIN RELEASING 

PEPTIDE RECEPTOR ANTAGONISTS ON HUMAN SMALL CELL LUNG 

CANCER GROWTH 

by 

David Albert Clark 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON PHARMACOLOGY AND TOXICOLOGY (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1993 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the document prepared by ----------------------------------------
David Albert Clark 

entitled The Effect of Protease Inhibitors and Gastrin Releasing 

Peptide Receptor Antagonists on Human Small Cell Lung 

Cancer Growth 

and recommend that it be accepted as fulfilling the requirements 

Doctor of Philosophy 

Date 

Final approval and acceptance of this document is contingent upon the 
candidate's submission of the final copy of the document to the 
Graduate College. 

I hereby certify that I have read this document prepared under my 
direction and recommend that it be accepted as fulfilling the 
requirement. 

Director Date 

2 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in prutial fulfillment of requirements 
for an advanced degree at The University of Arizona and is deposited in the 
University Library to be made available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special 
permission, provided that accurate acknowledgment of source is made. Requests 
for permission for extended quotation from or reproduction of this manuscript in 
whole or in part may be granted by the head of the major department or the Dean 
of the Graduate College when in his or her judgment the proposed use of the 
material is in the interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 



4 

ACKNOWLEDGMENTS 

I would like to extend my sincere appreciation to my advisor and mentor, 

Dr. Thomas P. Davis, for his guidance, understanding, and constant 

encouragement during the past three years. In addition, I would like to thank my 

advisory committee, Dr. Frank Porreca, Dr. Robert Dorr, Dr. Hugh Laird, and Dr. 

Klaus Brendel for their instruction and assistance and a special thanks to Dr. R. K. 

Rao for serving as my substitute committee member. All endeavors in higher 

education are difficult, but all of these people have made my transition from the 

"real world" to academia and back again easier and rewarding. It is with the 

utmost gratefulness that I thank them all. 

I would like to thank Drs. Pierre Konings, Steve Weber, Barbara Mania

Farnell, and Elizabeth Brownson for always extending the benefit of their 

knowledge and expertise. I also extend my gratitude to Mrs. Susan Growell who 

instructed me in many of the laboratory procedures used in these studies. My 

sincere thanks also to Mr. Terry Gillespie for his friendship and invaluable 

assistance in every aspect of laboratory procedure. I extend to my fellow graduate 

students, Mary Oakes, Brad Merrill, Tom Abbruscato, Steve Waters, and Craig 

Mayr my thanks and good luck in their academic endeavors. 



5 

DEDICATION 

I dedicate this dissertation with deep love and gratitude to Robin, Anne and 

Clayton. 



6 

TABLE OF CONTENTS 

Page 

LIST OF FIGURES ................................................................................ 8 

LIST OF TABLES ................................................................................ 11 

ABSTRACT ........................................................................................... 12 

INTRODUCTION ................................................................................. 14 
Small Cell Lung Cancer ...................................................................... 14 

Characterization o[Cells ................................................................ 14 
Peptide Growth Factors and Receptors ........................................... 16 

Bombesin/Gastrin Releasing Peptide (BN/GRP) ................................. 20 
Structure ......................................................................................... 20 
Genes and eDNA ............................................................................. 22 
Processing and Metabolism ............................................................. 23 
BNIGRP Binding and Activity ......................................................... 29 

Bombesin/GRP Receptors and Binding ............................................... 32 
Bombesin/GRP Receptor Antagonists ................................................. 33 
Prohmmone Convertase 1 and 2 (PC 1 and PC2) .................................. 35 

Distribution ..................................................................................... 35 
Substrates ........................................................................................ 36 

In vivo Distribution ofPeptides ........................................................... 37 

METHODS AND MATERIALS .......................................................... 39 
Cell Culture ......................................................................................... 39 
Clonogenic Growth Assay ................................................................... 39 
Radioimmunoassay ............................................................................. 41 
Northetn Blot Analysis ........................................................................ 42 
In Vivo Distribution of BN/GRP Receptor Antagonist 

(14C-Trp8)[FA]BN(6-13)oME .......................................................... 44 
Data Analysis ....................................................................................... 46 

RESULTS ............................................................................................... 47 
Clonogenic Growth Assay .................................................................... 4 7 
Radioimmunoassay .............................................................................. 50 
Northern Blot for PC1 and PC2 mRNA ................................................ 54 
In Vivo Distribution of(l4C-Trp8)[FA]BN(6-13)oME .......................... 54 



7 

TABLE OF CONTENTS-- Continued 

Page 

DISCUSSION ........................................................................................ 64 
Clonogenic Growth Assay ................................................................... 64 
Radioimmunoassay ............................................................................. 66 
Northern Blot for PCl and PC2 mRNA ............................................... 69 
In Vivo Distribution of(l4C-Trp8)[FA]BN(6-13)oME ......................... 71 

APPENDIX ............................................................................................ 78 

REFERENCES ...................................................................................... 95 



8 

LIST OF FIGURES 

Page 

Figure 1. Structure of Bombesin-like Peptides and GRP 
Receptor Antagonists ....................................................... 21 

Figure 2. PreproGRP Gene Alternative Splicing .............................. 24 

Figure 3. PreproGRP processing ...................................................... 26 

Figure 4. Enzyme Cleavage Sites in GRP ........................................ 28 

Figure 5. Effect ofBN and BBI on In Vitro Clonal Growth of 
NCI-H345 SCLC Cells ................................................... 49 

Figure 6. Y-24-Q (proGRP) Levels in NCI-H345 Cells Treated 
With Aprotinin and BBI (100 and 500 J.Lg/ml) 
for Two Days ................................................................. 52 

Figure 7. GRP Levels in NCI-H345 Cells Treated With Aprotinin 
and BBI ( 100 and 500 J.Lg/ml) for Two Days ................... 53 

Figure 8. Northern Blot for PC1 and PC2 ........................................ 55 

Figure 9. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Tumor ......................... 56 

Figure 10. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Fat ............................. 58 

Figure 11. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Feces ......................... 60 

Figure 12. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Urine ......................... 61 

Figure 13. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in GI Contents ............... 62 

Figure 14. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Gall Bladder ............. 63 

Figure 15. Renal Clearance of(l4C-Trp8)[FA]BN(6-13)oME ......... 76 



9 

LIST OF FIGURES -- Continued 

Page 

APPENDIX: .................................................................................... 78 

Figure 16. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Skin ........................... 79 

Figure 17. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Kidney ....................... 80 

Figure 18. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Plasma ....................... 81 

Figure 19. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Brain ......................... 82 

Figure 20. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Spleen ....................... 83 

Figure 21. Time Course Dist:tibution of 
(14C-Trp8)[FA]BN(6-13)oME in Ovaries/Uterus ........... 84 

Figure 22. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Lungs ........................ 85 

Figure 23. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Heart ......................... 86 

Figure 24. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Eyes .......................... 87 

Figure 25. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Muscle ....................... 88 

Figure 26. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Whole Blood ............. 89 

Figw·e 27. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Liver .......................... 90 

Figure 28. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Stomach ..................... 91 



10 

LIST OF FIGURES -- Continued 

Page 

Figure 29. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Cecum ....................... 92 

Figure 30. Time Course Distribution of 
(14C-Trp8)[FA]BN(6-13)oME in Large Intestine ........... 93 

Figure 31. Time Course Disttibution of 
(14C-Trp8)[FA]BN(6-13)oME in Small Intestine ........... 94 



LIST OF TABLES 

Page 

Table 1. Peptides/Growth Factors and Receptors in SCLC Cells ...... 17 

Table 2. Effect of BBI and Aprotinin on In Vitro Clonal Growth 
of Human Small Cell Lung Cancer ............................... 48 

Table 3. Effect ofGRP Receptor Antagonists onln Vitro Clonal 
Growth of Human Small Cell Lung Cancer ....................... 51 

Table 4. Distribution of (14C-Trp8)[FA]BN(6-13)oME in Athymic 
Balb/c Nude Mice After Subcutaneous Injection ................ 77 

11 



12 

ABSTRACT 

The effect of the protease inhibitors BBI and aprotinin on the in vitro clonal 

growth of two human small cell lung cancer (SCLC) cell lines was investigated. 

Also, the effect of BBI on processing of proGRP and on mRNA levels for 

prohormone convertase 1 and 2 (PC 1 and PC2) in SCLC cells was examined. 

Finally, the in vivo distribution of a BN/GRP receptor antagonist in mice was 

studied. 

In vitro growth of NCI-H345 and NCI-N592 SCLC cells was inhibited by 

the protease inhibitors BBI and aprotinin. When NCI-H345 cells were incubated 

with BBI and BN in the same plates, the addition of BN appeared to overcome 

growth suppression by BBl. The BN/GRP receptor antagonists [Psi13,14]BN and 

[FA]BN(6-13)oME significantly inhibited growth of SCLC cells in vitro at high 

concentrations but significantly increased growth of the NCI-H345 cell line at 

lower concentrations. These conflicting data may be due to non-specific binding 

or mechanisms unrelated to receptor binding. 

Treatment of NCI-H345 cells with protease inhibitors increased both 

proGRP and GRP levels. The present study of PC 1 and PC2 in two SCLC cell 

lines indicates that mRNA for prohormone convertases is present and that the cells 

contain higher levels of PC2 mRNA than PC1 mRNA. When these cells were 

incubated with 100 flg/ml BBI, mRNA for PC 1 and PC2 decreased by 

approximately 50%. 

The 14C radiolabeled BN/GRP receptor antagonist [FA]BN(6-13)oME was 

absorbed by one hour after subcutaneous administration and distributed to many 

organs in Balb/c nude mice. The radiolabeled peptide appeared to be eliminated 

mainly in the feces and urine. 
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The effect of protease inhibitors to increase proGRP and GRP levels in 

NCI-H345 cells after two-day treatment may be due to several factors. There may 

be up-regulation of GRP production by these cells after an initial decrease in 

processing of proGRP. Furthermore, BBI may inhibit transcription or 

posttranscriptional processing of mRNA for PC 1 and PC2. Finally, the GRP 

receptor antagonist (14C-Trp8)[FA]BN(6-13)oME is quickly distributed to tumor 

tissue. These results indicate that protease inhibitors inhibit SCLC growth and 

have potential as novel therapeutic agents in human SCLC. 



Small Cell Lung Cancer 

Characterization ofCel/s 

INTRODUCTION 
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The classification of lung cancer is essentially based on the difference in 

biological response to treatment by the different tumor types. Currently the light 

microscope is the basic tool used to identify the type or subtype of lung cancer and 

while useful in determining the histological type of cancer, light microscopy tells 

little or nothing about the biological characteristics of the tumors. This is 

particularly important with small cell lung cancer since the treatment plan is 

different from other types of cancer and is dependent on the tumor type. 

Currently, the WHO classification system is used to categorize lung cancer 

into four major types of malignant tumors (WHO, 1982). These are squamous cell 

carcinoma, small cell carcinoma, adenocarcinoma, and large cell carcinoma. 

Each of these types may be further categorized into subtypes. For example, small 

cell carcinoma includes oat cell, intermediate, and combined cell subtypes. The 

oat cell carcinoma is defined as: 

"A malignant tumour composed of uniform small cells, 
generally larger than lymphocytes, having dense round or 
oval nuclei, diffuse chromatin, inconspicuous nucleoli, and 
very sparse cytoplasm. "(WHO, 1982) 

An intermediate cell type small cell lung tumor is defined as: 

A malignant tumour composed of small cells, with nuclear 
characteristics similar to the oat cell but with more abundant 
cytoplasm. The cells may be polygonal or fusiform and are 
less regular in appearance than those of oat cell carcinoma." 
(WHO, 1982) 

By the WHO classification, mixed tumors of oat cells and intermediate cells 
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are defined as oat cell carcinomas. Tumors with both intermediate cell and large 

cell characteristics are called intermediate cell carcinomas by the WHO system. 

The third small cell carcinoma subtype called combined oat cell carcinoma 

includes tumors with components of oat cell carcinoma with squamous cell and/or 

adenocarcinoma. 

While SCLC subtypes can be determined histologically, several studies 

have indicated that these designations may not be clinically relevant, that is, it 

appears that there is no discemible difference in the clinical behavior of the tumors 

or survival of the patient between oat cell or intermediate cell type SCLC (Carney 

et al., 1980; Hirsch et al., 1983). A study by Radice et al (1982) found however 

that mixed SCLC/non-SCLC tumors had significantly fewer complete responders 

and decreased median survival compared to pure small cell carcinomas. 

A more recent system of classification was proposed by the International 

Association for the Study of Lung Cancer (IASLC) that combines the oat cell and 

intermediate cell subtypes into a new category called small cell carcinoma 

(Mackay, 1989) and recognizes two uncommon variants of small cell lung cancer. 

One of these is small cell/large cell carcinoma and the other was combined small 

cell carcinoma which included small cell carcinoma with squamous and/or 

glandular (adenocarcinoma) components. The system proposed by IASLC places 

the SCLC tumors into categories that take into account not only the histological 

characteristics of the tumors but also the biological behavior of the tumors. 
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Peptide Growth Factors and Receptors 

Small cell lung cancer appears to be closely related to (and possibly arise 

. from) Kulschitzky cells (K-cells) which are found along the basement membrane 

of the bronchial tree. Both K-cells and SCLC cells contain membrane-bound 

dense-core granules. K-cells are hypothesized to be endocrine cells and SCLC 

cells produce polypeptides. These characteristics fit very well with the concept of 

amine precursor uptake and decarboxylation (APUD) cells found in endocrine and 

neural tissue as well as in the urogenital, gastrointestinal and respiratory tracts. 

While SCLC cells have not been shown conclusively to be derived from K-cells, 

the two types of cells can be said to at least resemble each other. Like other 

APUD neuroendocrine cells, SCLC cells contain L-dopa decarboxylase (Baylin et 

al., 1978; Gazdar et al., 1980) and neuron-specific enolase (Tapia et al., 1981) and 

produce various peptides, growth factors and hormones (Table 1). SCLC cells 

have been shown to produce approximately 30 different compounds, some of 

which have specific receptors or bind to the cells. In addition, some of the 

substances produced by SCLC cells have been shown to stimulate proliferation of 

these cells. 

Wood et al. ( 1981) found high levels of bombesin-like immunoreactivity in 

fresh oat cell carcinoma tissue. In their study, most of the BN-like 

immunoreactivity eluted in the same position (i.e., retention time) on gel 

chromatography chromatogram as the BN standard although a smaller peak of 

reactivity coeluted with the GRP standard. These authors also detected the 

presence of neurotensin and somatostatin-like immunoreactivity in the fresh SCLC 

tissue. The result of the chromatographic separation agrees with the findings of 

Sorenson et al. ( 1982) in which samples of the culture medium of continuous 
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Table 1. Peptides/Growth Factors and Receptors in SCLC Cells 

Peptide/Growth Factor Produced Receptor Growth Effect 

ACTH Yes No Effect 
ANP Yes 
BN/GRP Yes Yes Increased 
Calcitonin Yes Yes 
CGRP Yes 
CCK No Yes (CCK-B) Increased or No Effect 
Chorionic Gonadotropin Yes 
Endothelin Yes 
FSH Yes 
LH Yes 
Galanin No Increased or No Effect 
Gastrin Yes 
Glucagon Yes No Effect 
Growth Hormone Yes 
GHRF Yes 
IGF-Binding Proteins Yes 
IGF-1 Yes Yes Increased 
Lipotropin Yes 
Neurotensin Yes Yes Increased or No Effect 
Neuromedin-B Yes Yes Increased 
Estradiol Yes 
~-endorphin Yes J.l, o, and K IncreasedVI>ecreased 
0:\:ytocin Yes 
Parathormone Yes 
Physalaemin Yes 
Prolactin Yes 
Serotonin Yes 
Somatostatin Yes Yes Decreased ( or No Effect?) 
Substance K Yes 
Substance P Yes No Effect 
Transferrin Yes 
VIP No Yes Increased 
Vasopressin Yes Yes Increased or No Effect 
PACAP Yes 
Neurokinin A Yes Decreased 
Insulin/C Peptide Yes Yes Increased 
EGF/TGF-cx Yes Yes No Effect 
CNTF Yes No Effect 



18 

Table 1-Legend. Peptides/Growth Factors and Receptors in SCLC Cells. 
ACTH, adrenocorticotropic honnone; ANP, atrial natriuretic peptide; BN/GRP, 
bombesin/gastrin releasing peptide; CGRP, calcitonin gene-related peptide; CCK, 
cholecystokinin; FSH, follicle stimulating honnone; LH, luteinizing honnone; 
GHRF, growth honnone releasing factor; IGF, insulin-like growth factor; VIP, 
vasoactive intestinal peptide; PACAP, pituitary adenylate cyclase activating 
peptide; EGF/TGF-cx, epidennal growth factor/transfonning growth factor-ex; 
CNTF, ciliary neuronotropic factor. 

SCLC cell lines and plasma from patients diagnosed with small cell lung cancer 

were assayed for bombesin production. There were two peaks observed on 

column chromatography corresponding to porcine GRP standard and amphibian 

bombesin. 

Moody et al. ( 1981) found high levels of intracellular bombesin-like 

immunoreactivity that eluted simultaneously with BN standard in SCLC cell lines. 

In this study, the chromatographic properties of the bombesin-like 

immunoreactivity appeared to be identical to amphibian BN with no evidence of 

the larger mammalian fonn of the peptide, GRP. 

Another study showed the presence of GRP(14-27) in SCLC cells which 

may correspond on chromatographic separations to the peak representing 

amphibian bombesin (Vangsted and Schwartz, 1990). This fonn of GRP may 

represent the peak of immunoreactivity observed in earlier studies that coeluted 

with the bombesin standard since these two peptides contain the same number of 

amino acid residues and differ only in four amino acids and only one amino acid in 

the carboxy-tenninal eight amino acid sequence that is critical for binding and 

activity at the GRP receptor. 

In addition to BN/GRP, other peptides that are produced by SCLC cells and 

bind to receptors on the cells to stimulate a cellular response are neuromedin-B, a 
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member of the bombesin family ofneuropeptides, (Giaccone et al., 1992; Cardona 

et al., 1991; Moody et al., 1992), neurotensin (Wood et al., 1981; Moody et al., 

1985a; Bepler et al., 1988; Davis et al., 1989; Davis et al., 1991; Sethi and 

Rozengurt, 1991), transferrin (Vostrejs et al., 1988), insulin-like growth factor-1 

(Nakanishi et al., 1988; Macaulay et al., 1990), and vasopressin (Sorenson et al., 

1981; Hong and Moody, 1991; Sethi and Rozengurt, 1991). SCLC cells also 

produce somatostatin (Sorenson et al., 1981; Wood et al., 1981) which binds to 

receptors (Taylor et al., 1988b; Reubi et al., 1990) and inhibits clonal growth of 

small cell hmg cancer (Taylor et al., 1988a; Taylor et al., 1991). 

~-endorphin, ACTH, and lipotropin, three products of the differential 

cleavage of the proopiomelanocortin molecule, are present in SCLC cells 

(Sorenson et al., 1981, Roth and Barchas, 1986; Stewart et al., 1989) which also 

contain fl, o, and K opioid receptors (Maneckjee and Minna, 1990). Davis et al. 

(1989) showed that the in vitro clonal growth of SCLC cells was significantly 

increased by 1-25 nM ~-endorphin. Subsequently, it was determined that SCLC 

cells metabolize ~-endorphin to 'Y-endorphin (~-endorphin 1-17) and that both ~

endorphin and 'Y-endorphin are capable of stimulating in vitro clonal growth of 

SCLC cells (Davis and Crowell, 1993). This differs from the study of Maneckjee 

and Minna (1990) in which they observed decreased in vitro clonal growth of 

SCLC cells in the presence of selective J.l, o, and K receptor agonists. Naloxone 

prevented the inhibition of SCLC growth by the J.l receptor agonist morphine and 

by the o receptor agonist 3H-(D-Ala2, D-Leu5)enkephalin (DADLE) indicating 

that J.l and o opioid receptors inhibit the growth of SCLC cells in vitro. ~

endorphin was not used in this study, however, and it is possible that ~-endorphin 

exerts its growth stimulatmy effects by binding to an e receptor. 
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The tetradecapeptide bombesin was first isolated from the skin of the 

European amphibians Bombina Bombina and Bombina variegata variegata by 

Anastase et al. in 1971. After purification of the peptide from the skin of the 

frogs, the primary amino acid sequence was determined (Figure 1) and bombesin 

was shown to have the pharmacological effects in mammals of increasing blood 

pressure (Erspamer et al., 1972) and stimulating gastrin secretion in the dog and 

rat (Bertaccini et al., 1973). These findings led investigators to search for a 

mammalian counterpart of bombesin. Polak et al. (1976) demonstrated the 

presence of a bombesin-like peptide in the human gastrointestinal tract (GIT) using 

antibodies to pure bombesin. This peptide was found in all areas of the GIT 

including the body and antrum of the stomach, duodenum, jejunum, ileum, and 

colon but was not found in the pancreas in this study. Bombesin-like 

immunoreactivity was observed, however, in pancreatic tumor tissue. 

Interestingly, this may be the first mention of a bombesin-like peptide in 

association with tumors. These authors mentioned the possibility that a bombesin

like peptide might be produced by pancreatic tumors causing excess plasma gastrin 

concentrations leading to the Zollinger-Ellison syndrome. 

This group also described the presence of bombesin-like immunoreactivity 

in human post-mmtem fetal and neonatal lung tissue but not in adult lung tissue 

and hypothesized that this age-related occurrence of bombesin-like peptides might 

indicate significance during development and birth (Wharton et al., 1978). 

The first characterization of a bombesin-like peptide isolated from 



Figure 1. Structure of Bombesin-like Peptides and GRP Receptor Antagonists 

BOMBESIN(1-14) 

pGlu-Gln-Arg-Leu-Gly-Asn-Gin-Tm-Ala-Val-Gly-His-Leu-Met-NH2 

HUMAN NEUROMEDIN B(l-10) 

Gly-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH~ 

HUMAN GASTRIN RELEASING PEPTIDE(1-27) 

Ala-Pro-Val-Ser-Val-Gly-Gly-Gly-Thr-Val-Leu-Ala-Lys-Met-

Tyr-Pro-Arg-Gly-Asn-His-Tm-Ala-Val-Gly-His-Leu-Met-NH2 

[Psi13,14]BN 

Pyr-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Aia-Val-Gly-His-Leu=Leu-NH2 

[FA]BN(6-13)oME 

DFPhe-Gln-Trp-Ala-Val-D-Ala-His-Leu-oME 

Psi denotes=, reduced peptide bond (CHrNH), 
FA, fluoryl amide 
oME, methyl ester 
Bold lettering in BN, Neuromedin B, and GRP indicate differences in the amino 
acid sequence 
Carboxy-terminal decapeptide sequence underlined 

21 
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mammalian tissue and possessing gastrin-releasing bioactivity was by McDonald 

and colleagues ( 1979). These investigators isolated a heptacosapeptide from 

porcine non-antral stomach and intestinal tissue and determined the amino acid 

sequence (Figure 1 ). The carboxy-terminal 10 amino acids differed only at the 

number 8 position from the carboxy-terminal 10 amino acids of bombesin. The 

peptides isolated from the gastric tissue and the intestinal tissue had identical 

retention times on reverse phase high performance liquid chromatography (HPLC) 

with only one dominant peak for each peptide. 

Genes and eDNA 

The single gene encoding human preproGRP has been identified (Spindel et 

al., 1984) and is localized to chromosome 18 (Naylor et al., 1987). The gene is 10 

kb long with two introns of 4.8 and 3.9 kb (Spindel and Krane, 1988). Messenger 

RNA from human pulmonary carcinoid tissue that contained GRP 

immunoreactivity (Spindel et al., 1984), human SCLC cell lines and SCLC tumor 

tissue obtained at autopsy (Sausville et al., 1986; Hamid et al., 1989), and human 

thyroid calcitonin-producing C-cells (Sunday et al., 1988) was used to construct 

cDNAs. These eDNA clones were successfully used to detect preproGRP mRNA 

in the cell lines and tissue from which the cDNAs were derived. 

Since expression of the human preproGRP gene is found only in a few 

neural and neuroendoctine cells (Cuttitta et al., 1988; Sausville et al., 1986) it is 

logical that the preproGRP gene is regulated by some molecular mechanism. 

Human SCLC cells were examined for changes in promoter region methylation 

and DNase !-hypersensitive sites, two mechanisms associated with increased 

transctiption (Doerfler, 1983; Razin and Riggs, 1980; Eisenberg et al., 1985). 
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There was no pattern of methylation of genomic DNA in the GRP-gene promoter 

region that correlated consistently with a high rate of transcription. Therefore, it is 

not likely that this is a significant method of gene regulation in SCLC cells 

(Markowitz, 1988). In the same study however, DNase !-hypersensitive sites in 

the promoter region for the GRP gene were seen only in SCLC cells expressing the 

gene. These regions may be binding sites for transcription regulating proteins. 

Three distinct preproGRP mRNAs are produced in human cells due to 

alternative splicing of the primruy transcript of the preproGRP gene (Spindel, et 

al., 1984; Sausville et al., 1986; Sunday et al., 1988) (Figure 2). As shown in 

Figure 2, the two sequences which can be alternately spliced in or out of the full 

length preproGRP mRNA flank intron 2. If neither sequence is removed, the full 

length preproGRP mRNA type 1 is produced. If the right-hand sequence is 

removed, preproGRP mRNA type 2 results. If the left-hand sequence is removed, 

preproGRP mRNA type 3 results. 

Processing and Metabolism 

PreproGRP consists of a 23 amino acid signal peptide on the amino

terminal end of the molecule followed by the 27 amino acid GRP, a glycine 

residue which serves as an amidation donor for the GRP, and a dibasic cleavage 

site (Lys-Lys) which is followed by the CTEP. The length of the CTEP varies 

according to the alternative splicing described above; 95 amino acids for CTEP 

type 1, 74 amino acids for CTEP type 2, and 76 amino acids for CTEP type 3. All 

three mRNAs produce identical GRP but produce 3 different C-terminal extension 

peptides (CTEP types 1, 2, and 3). 

PreproGRP is processed from the inactive precursor molecule to the 



Figure 2. PreproGRP Gene Alternative Splicing 

B. preproGRP mRNA type 1 

CTEP 

3' ut 

C. preproGRP mRNA type 2 

'---11 I I 

D. preproGRP mRNA type 3 

'-------11 I I 

Inclusion of both DNA sequences flanking the intron give preproGRP mRNA 
type 1 (B). Inclusion. of sequence I gives preproGRP mRNA type 2 (C) 
while inclusion of sequence ll gives preproGRP mRNA type 3 (D). 
CTEP=C-tenninal extension peptide 

24 



25 

biologically active peptide GRP in a series of steps with specific enzymes 

necessary at each cleavage step (Figure 3). A signal protease cleaves between 

alanine and valine at positions -1 and + 1 of preproGRP. The remaining proGRP 

molecule contains a lys-lys site at positions 29-30 of proGRP which is the 

candidate cleavage site for the trypsin-like enzymes prohormone convertase 1 and 

2 (PC 1 and 2) (Hook et al., 1993). Cleavage at this site gives GRP with a 

carboxy-terminal extension of gly-lys-lys and the C-terminal extension peptide 

(CTEP; also called GRP-gene-associated peptide-GGAP). Carboxypeptidase-H 

enzyme then cleaves the lysine residues from the carboxy-terminus leaving GRP

gly which is a substrate for peptidyl a-amidation monooxygenase (PAM) 

enzymes. The glycine serves as an amidation donor for the C-terminal methionine 

of GRP. Carboxy-terminal amidation is necessary for biological activity of GRP 

(Moody et al., 1978; Heikkila et al., 1987). 

GRP also contains two potential sites susceptible to cleavage by trypsin-like 

enzymes at positions 13-14 which yields GRP(14-27) and positions 17-18 which 

yields GRP(18-27) (Figure 4). Human SCLC cells (Vangsted and Schwartz, 1990) 

as well as normal fetal and adult and primary lung tumors (Yamaguchi et al., 

1983) have been shown to produce the tetradecapeptide GRP(14-27) and the 

decapeptide GRP(18-27) (Orloff et al., 1984; Moody et al., 1988; Vangsted, A. J. 

and Schwat1z, T. W., 1990) which may explain the finding of bombesin-like 

compounds in SCLC cells (Wood et al., 1981; Moody et al., 1983b) that coeluted 

with bombesin standard on chromatographic separation. 

A study by Shipp et al. (1991) demonstrated that EC 3.4.24.11 (Neutral 

endopeptidase 24.11-NEP) hydrolyzes bombesin, GRP, and GRP(14-27). NEP 

was shown to cleave these three peptides at two sites within the carboxy-terminal 
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Figure 3. PreproGRP Processing 
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10 amino acids, the region that is essential for binding and activity at the GRP 

receptor (Figure 4). The cleavage sites were between the Trp-Ala and His-Leu 

bonds of all three .peptides. This agrees in part with an earlier study by Bunnett ct 

al. (1985) in which NEP was shown to cleave GRP(18-27) (also called GRP10 and 

neuromedin C) by hydrolysis of the His-Leu bond. This activity was inhibited by 

phosphoramidon, a specific inhibitor of NEP. Cleavage was not seen at the Trp

Ala bond by these investigators but it is possible that the shorter peptide used in 

their study is less susceptible to NEP enzymatic action at this site than the longer 

peptides. 

NEP decreased the thymidine uptake by SCLC cells in a dose-dependent 

manner and growth of SCLC cells in a soft-agar clonogenic assay was increased 

when phosphoramidon, a NEP inhibitor, was added to the medium. Since NEP 

has previously been shown to be present in SCLC cells (Davis et al., 1991), these 

findings indicate that NEP may limit proliferation of SCLC by metabolizing 

autocrine growth factors. 

Cardona et al. (1992) used an SCLC cell line to study GRP receptor-ligand 

internalization and metabolism. These investigators used an acid/salt extraction 

technique to separate surface-bound ligand from internalized GRP and found that 

at 37C approximately 70% of bound 125J.QRP was internalized after 10 minutes. 

Chloroquine acts on cells to increase intralysosomal pH which inhibits 

processing of ligand-receptor complexes (Wibo and Poole, 1974; Seglen et al., 

1979). When SCLC cells were incubated with and without chloroquine, the 

decline of cell-associated radioactivity of 1251-labeled GRP was decreased in the 

presence of chloroquine indicating that the lysosomal degradation of GRP is 

decreased. 
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Addition of phosphoramidon, a NEP inhibitor, to the incubation medium 

was associated with a three-fold increase in cell-associated radioactivity after 60 

minutes. Cell-associated radioactivity was greater with a combination of both 

inhibitors, chloroquine and phosphoramidon, than with either agent alone. Since 

there were no apparent changes in the association rates of the ligand-receptor 

complex in this study, it was concluded that the changes in radioactivity seen were 

due to effects of the inhibitors on degradation of the 125r-GRP. 

It is also possible that a bacitracin-sensitive enzyme is capable of degrading 

bombesin, and possibly GRP. In a study of specific binding of bombesin to rat 

brain membranes by Moody et al, 1978., bacitracin was added to the assays to 

minimize proteolysis of the tracer, 125I-BN. Since the tracer was degraded more 

rapidly at 25°C than at 4 °C, the assays also were conducted at the lower 

temperature. The relative contribution of decreased temperature compared to 

bacitracin in decreasing degradation of the tracer is unknown. Interestingly, 

proteases that may be inhibited by bacitracin include NEP (EC 3.4.24.11) 

(McKnight et al., 1983) which has been shown to metabolize bombesin, GRP, and 

GRP(14-27) (Bunnett et al., 1985; Shipp et al., 1991). 

BNIGRP Binding and Activity 

Bombesin-like peptides have been shown to have many actions in mammals 

particularly in the brain, gastrointestinal tract and lung. In the fetal rat brain GRP 

is not detectable until birth, however the concentration of GRP increases rapidly 

after birth to adult levels in two to three weeks. At the same time that the GRP 

levels are low in the brain, GRP receptors can be detected in the fetal rat brain 

indicating that the development of GRP receptors precedes GRP. Administration 
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of BN/GRP to animals induces hypothermia, decreases food intake and increases 

grooming behavior (Sunday, et al., 1988). 

In the gastrointestinal tract GRP increases: the frequency of contractions of 

gut smooth muscle, gastrin release, enzyme and insulin secretion from the 

pancreas, and intestinal and pancreatic epithelial cell growth. 

High levels of bombesin-like immunoreactivity have been detected in 

human fetal and neonatal lung but declines to low levels in the adult (Wharton et 

al., 1978). Bombesin has been shown also to stimulate human fetal lung growth in 

vitro and this growth effect was blocked by an anti-BN/GRP antibody 2All 

(Sunday et al., 1990). When bombesin and GRP(14-27) were added to cultures of 

normal adult human bronchial epithelial cells there was a significant increase in 

clonal growth rate and colony-fmming efficiency in vitro (Willey et al., 1984). 

Bombesin and GRP have been demonstrated to stimulate growth of small cell lung 

cancer cells in an autocrine fashion in vitro (Cuttitta et al., 1985; Weber et al., 

1985) and in vivo (Cuttitta et al., i985; Alexander et al., 1988). 

When bombesin 50 nM was added to SCLC cells there was a significant 

increase in growth as determined by a soft-agar clonogenic assay (Cuttitta et al., 

1985). This growth effect was blocked by the addition of a BN/GRP monoclonal 

antibody, 2A11. In addition, 2A11 inhibited binding of bombesin to rat brain 

membranes and human SCLC cells. The intraperitoneal injection of 200 g of 

2A11 three times a week into nude mice that were inoculated with SCLC cells 

subcutaneously significantly decreased growth of the tumor xenografts. After five 

weeks the control mice had tumors 1000 mm3 while treated mice had tumors 50 

mm3. These findings demonstrate that bombesin-like peptides function as 

autocrine growth factors for human SCLC. 
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The ability of growth factors to stimulate cell growth by the autocrine 

mechanism requires the production and secretion of the growth factor by the cells, 

binding of the substance to a cellular receptor on the same cells, transduction of 

the signal initiated by the ligand-receptor binding, and a cellular response to the 

ensuing intracellular changes. For SCLC cells BN/GRP has been shown to be a 

growth factor. SCLC cell lines and tumor tissue produces GRP, contain cellular 

receptors that bind GRP with high affinity, and stimulate changes that lead to 

mitogenesis. The intracellular transduction system that couples binding of GRP to 

the receptor with increased growth of the cells appears to involve activation of the 

inositol trisphosphate/protein kinase C second messenger pathway via the G

protein-coupled receptor. Bombesin-like peptides including GRP and GRP(14-17) 

stimulated increased intracellular Ca++ levels in human SCLC cells from 

intracellular stores and this effect was blocked by the GRP receptor antagonist (D

Arg1, D-Pro2, D-Trp7,9, Leull) substance P (Moody et al., 1987b). These 

findings were supported by Heikkila and colleagues who demonstrated that 

bombesin-like peptides elevated intracellular ca++ and that this effect could be 

blocked by the anti-BN/GRP monoclonal antibody 2A11. 

Bombesin, GRP, and GRP(20-27) stimulate rapid activation of 

phospholipase C in SCLC cells (Trepel et al., 1988). In addition, inositol 1,4,5-

trisphosphate, reached its highest levels in eight seconds after stimulation by 

[Tyr4]BN. This correlates well with the rise in intracellular ca++ which reached 

maximal levels within one minute in one study (Heikkila et al., 1987) and within 

15 seconds in another study (Moody et al., 1987b). Inositol 1,3,4-trisphosphate 

was increased by 30 seconds after stimulation and inositol 1-monophosphate, 

inositol 4-monophosphate and inositol 1,3,4,5 tetrakisphosphate were all increased 
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by 30 minutes after stimulation. This process is inhibited significantly by a 

cholera toxin-sensitive process and to a lesser degree by a pertussis-toxin sensitive 

process. These findings add evidence of the involvement of a G-protein-coupled 

receptor acting via a phosphatidylinositol pathway to increase intracellular Ca++ 

levels which in turn is linked in some way to increased cell growth. 

Bombesin/GRP Receptors and Binding 

SCLC cells have been shown to express receptors that bind BN/GRP with 

high affinity (Moody et al., 1978; Moody et al. 1983a; Moody et al., 1985b; 

Layton et al., 1988; and Kado-Fong and Malfroy, 1989) and receptors that bind 

neuromedin B, a peptide in the bombesin family, with high affinity (Moody et al., 

1992). 

The first report of binding of bombesin to mammalian membranes was by 

Moody et al., in 1978. These investigators showed high affinity binding of 125I

BN to rat brain membranes with a K0 =5.5 nM. The first description of bombesin 

receptors in SCLC cells was by Moody et al (1983a). In this study, high affinity 

binding sites for 125I-BN were identified in nine SCLC cell lines. In the NCI

H446 cell line, 125I-BN bound with a K0 =1 nM to a single class of sites. 

The putative receptor for BN/GRP was isolated and purified from SCLC 

cells (NCI-H446 and NCI-H345) using affinity resin columns and SDS-PAGE 

electrophoresis indicated a molecular weight for the receptor of 78,000 daltons. 

Studies utilizing 125I-GRP rather than radiolabelled bombesin to examine binding 

of the radioligand to SCLC cells have yielded similar results, i.e., high affinity 

binding at a single site (Kado-Fong and Malfroy, 1989; Cardona, et al., 1992). 

The neuromedin B receptor may be considered to be a subtype of the GRP 
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receptor since neuromedin B(l-1 0) is a member of the bombesin family of 

peptides and has a high sequence homology to the carboxy-terminal 10 amino 

acids of GRP (Figure 1). Neuromedin B binds to GRP receptors with low affinity 

compared to BN/GRP while BN/GRP binds to the neuromedin B receptor but 

with much lower affinity than neuromedin B (Wada et al., 1991; Moody et al., 

1992). 

Both the GRP receptor which contains 384 amino acids and the neuromedin 

B receptor which contains 390 amino acids have seven regions of hydrophobic 

amino acids consistent with a seven transmembrane receptor typical of G-protein

coupled receptors. In addition, there are two consensus sites of potential protein 

kinase C phosphorylation in both receptors as well (Corjay et al., 1991). Overall, 

there is 55% sequence homology between the neuromedin B and GRP receptors 

(Corjay et al., 1991). 

Bombesin/GRP Receptor Antagonists 

The first GRP receptor antagonist that was shown to inhibit the effects of 

BN was (D-Arg1, D-Pro2, D-Trp7,9, Leull) substance P (Jensen et al., 1984) 

which decreased amylase secretion from pancreatic acinar cells. This compound 

was later shown to inhibit binding of 1251-GRP to SCLC cells, the BN-induced 

elevation of cytosolic ca-++ concentrations, and the clonal growth of SCLC cells 

in vitro (Moody et al., 1987a). While this antagonist can block the autocrine cycle 

in SCLC cells, it is limited by low potency, being effective only in the micromolar 

range, and by the undesirable characteristic of acting at more that one receptor as 

an antagonist (Jensen and Coy, 1991) 

In order to achieve the desired receptor specificity with potent antagonist 
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properties, BN was used as the base for modifications. The first GRP receptor 

antagonists were produced by substituting D-amino acids for His12. Poor 

solubility and low potency limited the usefulness of these BN receptor antagonists. 

The next class of GRP receptor antagonists includes those bombesin 

analogues with reduced peptide bonds. [Leu 14, '!113-14]BN, with the 'II bond 

representing a reduced peptide bond where the CONH group is substituted by a 

CH2NH bond, is the most studied antagonist in this class. [Leu14, '!113-14]BN has 

been shown to inhibit specific binding of 1251-GRP to SCLC cells with an ICso of 

15 nM (Mahmoud et al., 1989) significantly decrease BN induced increase in 

intracellular Ca-l+ (Mahmoud et al., 1989), and decrease growth of SCLC cells in 

vitro (Moody et al., 1989; Mahmoud et al., 1989; Mahmoud et al., 1991) and in 

vivo (Mahmoud et al., 1991; Davis et al., 1992). This class of GRP receptor 

antagonists has good affinity for the GRP receptor with some analogues in the 

class having affinities in the low nM range. 

The fomth class of GRP receptor antagonist has the C-terminal methionine 

deleted. Many of these analogues have substitutions at the C-terminus such as 

alkyl groups or esters. One of these is [FA]BN(6-13)oME (Figure 1) with the FA 

representing pentafluorophenylalanine (Coy et al., 1992). [FA]BN(6-13)oME 

inhibits specific binding of 1251-GRP to SCLC cells with an IC50 of 5 nM (Staley 

et al., 1991) and blocks BN induced increase in intracellular Ca-l+ in SCLC cells 

(Davis et al., 1992). This GRP receptor antagonist also was able to completely 

inhibit BN-stimulated pancreatic amylase secretion in rats in vivo (Alptekin et al., 

1991). 

Des-Met carboxy-terminal bombesin analogues have been previously 

shown to function as bombesin receptor antagonists, partial agonists, or agonists 
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(Wang et al., 1990). Although [FA]BN(6-13)oME has been shown to be a BN 

receptor antagonist as determined by its ability to inhibit specific binding of 125J

GRP and block BN-induced elevation of intracellular ca++ to NCI-H345 cells, 

when added to 3T3 cells at 1 JlM, there was a doubling of [3H]thymidine 

incorporation into the cells indicating a possible stimulatory effect on the cells. 

The effect of this peptide on the clonal growth of SCLC cells was not examined in 

this study. 

Prohormone Convertase 1 and 2 (PCl and PC2) 

Distribution 

Prohormone convertases are serine proteases (trypsin-like enzymes) that are 

necessaty for the normal processing of many peptides from inactive precursor 

forms to biologically active forms. The mammalian enzyme furin is a ubiquitous 

candidate convertase that cleaves at the RX(K/R)R consensus sequence (Komer et 

al., 1991 b) and at the carboxy-terminal side of dibasic amino acid sites such as 

Lys-Arg and Arg-Arg (Bresnahan et al., 1990). Seidah et al. (1990), Smeekens 

and Steiner (1990), Seidah et al. (1991), and Smeekens et al. (1991) determined 

the eDNA sequence of two mouse pituitary proteins (mPC 1 and mPC2) that were 

homologous to kex2 and furin gene products. This similarity made these proteins 

candidates for prohormone convertase enzymes. (The Seidah group refers to the 

two pro teases as PC 1 and PC2 while the Smeekens group uses PC2 and PC3 with 

PC3 refeiTing to the same as protease as PC 1. I will refer to these pro teases as 

PC1 and PC2). 

Both of these groups also found that the mRNA for these proteinases was 

distributed differently in mouse tissues. These investigators found that mRNA for 
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PC 1 was found within neuroendocrine cells of the supraoptic nucleus of the 

hypothalamus, and in the anterior and intermediate lobes of the pituitary as well as 

the adrenals. PC1 mRNA was also found in high levels in AtT-20 cells (a mouse 

pituitary tumor cell line) and low levels in 13T3, mouse insulinoma cells from 

pancreatic 13-cell tumors. In contrast, abundant PC2 mRNA levels were found in 13 

T3 cells, intermediate lobe of the pituitary, hypothalamus and brain while 

transcripts were very low in the adrenals and the anterior lobe of the pituitary. In 

the pituitary gland PC 1 mRNA is found in much higher levels than PC2 mRNA in 

the anterior lobe while much more PC2 mRNA than PC 1 mRNA is found in the 

intermediate lobe (Seidah et al., 1991; Benjannet et al., 1991). This difference in 

distribution of PC 1 and PC2 suggests that tissue-specific combinations of these 

convertases could cause specific and differential processing of polypeptide 

hormones. 

Substrates 

Azaryan and Hook (1992) demonstrated proteolytic activity in bovine 

adrenal medullary chromaffin granules that was inhibited by serine protease 

inhibitors and appeared to prefer cleavage sites of paired basic amino acid residues 

such Arg-Arg, Lys-Arg, and to a lesser extent Lys-Lys. It is possible that this 

proteolytic activity is related to PC 1 and PC2. 

In order to study the processing of proopiomelanocortin (POMC) by 

prohormone convettase 1 and 2 enzymes, Benjannet et al. (1991) used a vaccinia 

virus vector to coexpress mPC 1, mPC2 and mPOMC. They determined that the 

two enzymes cleaved the POMC molecule differently. PC 1 cleaved POMC into 

corticotrophin (ACTH) and 13-Iipotropin while PC2 cleaved POMC into 13-
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endorphin, an N-tenninally extended corticotrophin containing the joining peptide, 

and a-MSH. In addition, PC2 cleaved POMC at the five different pairs of dibasic 

amino acids studied while PC 1 preferentially cleaved only two of these dibasic 

sites. Results of two other studies (Thomas et al., 1991; Komer et al., 1991) 

supported the findings of Benjannet and colleagues. 

Another study found that SCLC cells express POMC and that these cells 

produced ACTH precursors but little (if any) ACTH (Stewart et al., 1989). This 

cleavage pattern is consistent with that seen in the intermediate lobe of the 

pituitary which contains more PC2 than PC 1. 

GRP contains a Lys-Lys dibasic candidate cleavage site for the PC1 and 

PC2 enzymes (Figure 3). In addition, it is possible that a prohonnone convertase 

enzyme may cleave the monobasic site in GRP to yield GRP(18-27) (Figure 1). 

In Vivo Distribution of Peptides 

The oral availability of most peptides and proteins is very low due to the 

presence of proteolytic enzymes and strong acidic environment in the 

gastrointestinal tract. Also, large molecules such as peptides and proteins 

generally do not readily cross the intestinal mucosa making them poor candidates 

for oral administration. Parenteral administration is therefore required for these 

compounds. 

In a study of bioavailability of des-enkephalin-'Y·endorphin in rats there 

were greater blood levels of the compound following subcutaneous administration 

compared to intramuscular administration with peak values of the peptide 

appearing in the blood in two minutes after administration (Verhoef and van den 

Wildenberg, 1986). In this study the blood levels of the peptide fell below the 
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limits of detection after two to three hours. 

Weber et al. (1992) examined the distribution of [3H]cyclic[D-Pen2, D

Pen5]enkephalin in mic~ after different routes of administration. These 

investigators found that the subcutaneous route of administration was associated 

with a delay in the biliary excretion of the peptide, probably due to the slower rate 

of absorption from the administration site although the route of elimination was 

not altered. 

When the GRP receptor antagonist 125J-[Tyr4,Psil3,14]BN was injected 

intravenously into SCLC tumor-bearing female athymic Balb/c nude mice, 

approximately 1% of the radio labeled peptide localized to the tumor by one hour 

post-administration compared to levels lower than 1% in the heart, kidney, liver, 

lung, and spleen (Davis et al., 1992). Approximately 3% of the injected dose was 

found in the stomach two hours after administration and 2% was found in the 

intestine two hours after administration although the particular region of the 

intestine, i.e., small or large is not noted. The plasma half-life of the peptide was 

not determined in this study. 
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METHODS AND MATERIALS 

Cell Culture 

Hwnan Small Cell Lung Cancer (SCLC) cell lines NCI-H345 and NCI

N592 were cultured in 2% fetal calf serwn-supplemented HITES mediwn. HITES 

mediwn contained RPMI 1640 with L-glutamine (2 mM) (JRH Biosciences, 

Lenexa, KS) supplemented with penicillin (100 units/ml), streptomycin 

(lOOJtg/ml), insulin (5Jtg/ml), hwnan transferrin (10Jtg/ml), hydrocortisone (10 

nM), 6-estradiol (10 nM) and sodiwn selenite (30 nM). Hydrocortisone, insulin 

(bovine pancreas), human transferrin, 6-estradiol and sodium selenite were 

obtained from Sigma Chemical Co. (St. Louis, MO). Penicillin and streptomycin 

were purchased from JRH Biosciences (Lenexa, KS). Fetal calf serwn (Irvine 

Scientific, Santa Ana, CA) was heat inactivated in our laboratory (56°C for 30 

minutes). Heating serum at this temperature inactivates complement and other 

heat labile peptide and protein growth factors. Cells were cultured in a humidified 

atmosphere of 5% carbon dioxide/95% air at 3 7°C. The cell lines and passages 

utilized were free of mycoplasma by testing at 3 month intervals (Gen-Probe Inc., 

San Diego, CA) as described previously (Crowell et al, 1989). 

Clonogenic Growth Assay 

Clonal growth inhibition of NCI-H345 and NCI-N592 cells was tested 

using a soft agarose assay modified from the method of Hamburger and Salmon 

(1977). Base layers consisting of 0.4% Sea Plaque agarose (FMC Bioproducts, 

Rockland, ME) in 2% serum supplemented HITES media (total volwne = I ml) 

were prepared in 35 mm X 10 mm plastic petri dishes (Nunc, Thomas Scientific, 

Swedesboro, NJ). Cells in log-phase growth were centrifuged and resuspended in 
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2% serum-supplemented HITES media and then filtered through a 15J.lm nylon 

mesh (Tetko Ind, Elmsford, NY) to obtain a single-cell suspension. Viable cells 

were counted using ttypan blue exclusion and plated at a density of 15,000-20,000 

cells/plate depending on cell line. The cells (diluted in 2% serum supplemented 

HITES) were mixed with agarose ( 48°C) and with micrograms/ml concentrations 

of protease inhibitors (Sigma Chemical Co., St. Louis, MO) as described 

previously (Crowell et al., 1989; Davis et al., 1989; and Davis et al., 1991). GRP 

receptor antagonists were added to the treatment groups in nanomolar 

concentrations. Protease inhibitors and antagonists were suspended in sterile 

distilled water or HITES and filtered through a 0.2J.lm low protein binding filter 

(Acrodisc 13, Gelman Sciences, Inc., Ann Arbor, Ml). Control plates were 

prepared using sterile distilled water of HITES in place of protease inhibitor or 

GRP receptor antagonist dilution and negative control plates were prepared using 

lectin (Sigma Chemical Co., St. Louis, MO). Following each assay, plates were 

allowed to gel at room temperature. Plates were then placed in a humidified 

atmosphere of 5% carbon dioxide/95% air at 37°C. Colony counts were 

performed on day 9-14 dependent on cell line (where day 0 =day of experiment). 

Cell aggregates 32J.lm in diameter for NCI-H345 and 42J.Lm in diameter for NCI

N592 were counted using an Omnicon F ASH image analysis system (Bausch and 

Lomb, Inc., Rochester, NY). 

The protease inhibitors used in the clonogenic growth assays were 

Bowman-Birk inhibitor, a trypsin-chymotrypsin inhibitor found in soybeans, and 

aprotinin, a non-specific trypsin inhibitor. Both of these enzymes inhibit trypsin

like enzymes (serine proteases) and provide the opportunity to examine possible 

effects on processing of preproGRP by the trypsin-like enzymes PC1 and PC2. 
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BBI has been shown to become internalized by normal rat intestinal epithelial cells 

(Yavelow et al., 1987; Billings et al., 1991). Interestingly, both of these studies in 

addition to demonstrating that BBI is internalized into cells also showed that BBI 

accumulates in the cytoplasm surrounding the nucleus. 

The GRP receptor antagonists used in the clonogenic growth assays are 

[Psil3,14]BN and [FA]BN(6-13)oME (Figure 1). These peptides represent two 

different classes of GRP receptor antagonists that bind to GRP receptors with high 

affinity (Jensen and Coy, 1991). The metabolic stability of these antagonists when 

incubated with NCI-H345 SCLC cells has been investigated (Davis et al., 1992). 

The half-life of [Psil3,14]BN is 646 minutes while the half-life of [FA]BN(6-

13)oME is 1388 minutes. 

Radioimmunoassay 

The radioactive label, either [1251-Tyrl]Y-24-Q or [125J-Tyr4]BN was 

prepared using 0.5 nM Y-24-Q or [Tyr4]BN, 1251, and 1 mg/ml chloramine-Tin a 

potassium phosphate buffer (50 mM, pH 7.4). After 45 seconds, buffer containing 

bovine serum albumin (BSA) was added and the radiolabeled peptide was placed 

on a C18 column (Beckman ODS column, 4.6 X 250 mm, 0.5 1.1) and separated 

from free peptide by reverse phase HPLC. The column was eluted with 10-40% 

acetonitrile against 0.1% TF A in 30 minutes at a flow rate of 1 mllminute. One 

minute fractions were collected and tested for radioactivity with a Geiger counter. 

Tubes containing radiolabeled peptide were 

For proGRP (Y -24-Q) or GRP detetmination the lyophilized samples were 

resuspended in buffer (50 mM phosphate buffered saline containing 0.25% BSA) 

and assayed. For Y-24-Q, rabbit Y-24-Q antiserum at 1:20,000 dilution was 
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preincubated with experimental samples, for three hours at 4 °C. Then 

approximately 7,000 counts of [1251-Tyrl]Y-24-Q was added to the solution and 

incubated for 20 hours at 4°C with a total volume of300 J.tl. 100 J..Ll Normal rabbit 

serum (1:100) dilution was added followed by 100!J.l of goat anti-rabbit serum at a 

1:20 dilution. After 30 minutes, 200 J..Ll of 12% polyethylene glycol was added to 

enhance precipitation and the samples centrifuged at 1,000 g for 20 minutes. The 

supernatant was removed and the pellet assayed for antibody-tracer complex on a 

Beckman Gamma 5500 model gamma counter. The radioimmunoassay for GRP 

was performed as described for proGRP except that the experimental sample was 

preincubated for one hour with 1:100,000 dilution of antiserum before adding 

approximately 15,000 counts of the tracer to each tube. 

Nm·thern Blot Analysis 

SCLC cells (NCI-H345 and NCI-N592) were treated with 100 J.Lg/ml BBI 

for 2 days. Total RNA was extracted from the SCLC cultured cells in GT buffer 

(5 M guanidine isothiocyanate, 10 mM EDTA, 50 mM Tris, pH 7.5) containing 

freshly added 8% mercaptoethanol. This was followed by an overnight 

precipitation with 4 M lithium chloride (Cathala et al., 1983). The pellets were 

treated for 3 hours at 42°C with proteinase K at a final concentration of 100 mg/ml 

in 0.5% SDS, 50 mM Tris (pH 7.5) and 5 mM EDTA followed by two phenol 

chloroform extractions and ethanol precipitation. The samples were resuspended in 

diethylpyrocarbonate (DEPC) treated H20 and the optical densities were 

determined at 260 nm and 280 nm. Typically a ratio of 1.4-1.6 was obtained. Ten 

J..Lg of total RNA was loaded per lane as determined by the 260 nm reading. 

Control RNA was ISS ribosomal RNA (2.0 kb). With each set of samples, 2J..Lg of 
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RNA ladder (9.5, 7.5, 4.4, 2.4, 1.4, 0.24 kb, Gibco/BRL) was included in an 

adjacent lane. The samples were run on a horizontal gel apparatus, on a 1.2 % 

agarose gel containing 20 mM HEPES (pH 7.8), 1 mM EDTA and 6% 

formaldehyde. The gel was submerged in 20 mM HEPES (pH 7.8), 1 mM EDTA 

and 6% formaldehyde. The samples were heated for 10 minutes at 65 oe prior to 

loading. The electrophoresis was monitored by the migration of bromophenol blue 

and xylene cyanol added to each of the samples. The samples were transferred 

from the gel to a nylon filter, Nytran TM (Schleicher & Schull, Keen, NH) by 

capillary action. After blotting, the filter was completely dried and the RNA was 

fixed to the filter by long-wave UV irradiation. To identify the location of the ISS 

(2.0 kb) and 28S (5.1 kb) ribosomal RNA species as well as the position of each 

marker in the RNA ladder, the filter was stained in 0.02 %methylene blue, 0.3M 

sodium acetate (pH 5.5) for 3-5 minutes followed by rapid destaining in DEPe 

H20 (22). After recording each of the marker positions, the filter was destained in 

0.1 X SSe, 1% SDS for 15 minutes. The filter was prehybridized at 64°e for 2 

hours in 400 mM sodium phosphate buffer (pH 7.2) containing 5% SDS, 1 mM 

EDT A, 1 mg/ml BSA and 50% fmmamide. Hybridization began with addition of 

the 32P-UTP labeled cRNA probe, which was carried out for 12-16 hat 64°e. The 

filters were washed in 0.1 x SSe, 0.1 % SDS, 1 mM EDT A at 75°e for two to 

three hours. The filters were patted dry with paper towels and wrapped in plastic 

wrap and exposed to X-ray film with intensifying screens at -70°e. 

Single strand radiolabeled riboprobes for Northern blot analysis were 

prepared using 32P-UTP (800 ei/mmole, Dupont/NEN, Wilmington, DE) as 

previously described (Kreig and Melton, 1984). Briefly, transcription reaction 

mixtures contained 160 Jlei (200 pmoles) of 32P-UTP, 150 mM NTP minus UTP, 
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12.5 mM dithiothreitol, 20 U RNAse inhibitor, the appropriate linearized plasmid 

preparation in 1 J..Ll (1 J..lg/J..ll concentration), and 6 U T7 RNA polymerase in a total 

volume of IO mi. The reactions were carried out for 60-90 minutes at 37°C. 

The eDNA clones for mouse (m)PC I and mPC2 have been previously 

described (Seidah et al, I990; Seidah et al, 199I). For the present study antisense 

eRN A probes were generated from the mPC I eDNA clone linearized with Kpn I 

and from the mPC2 eDNA linearized with Cia I. This yields a 520 basepair mPC 1 

cRNA probe (specific activity of I0.5 x Io4 Ci/mmole) and a 342 basepair mPC2 

cRNA probe (specific activity of 5.6 x 104 Ci/mmole). 

In Vivo Distribution of BN/GRP Receptor Antagonist (14C-Trp8)[FA]BN(6-

13)oME 

Female athymic Balb/c nude mice (Harlan Sprague Dawley) were housed in 

a pathogen-free temperature-controlled isolation room and were exposed to a light 

regimen of I2 hours light: I2 hours dark each day. The diet consisted of 

autoclaved rodent chow and water given ad lib. 

Mice with subcutaneous NCI-H345 SCLC tumor xenografts were weighed 

and injected subcutaneously over the shoulder area with approximately 1.2 X I06 

DPM of (14C-Trp8)[FA]BN(6-I3)oME. At the appropriate time points (1, 2, 4, 8, 

I2, and 24 hours) the mice were anesthetized with sodium pentobarbital (80 

mg/kg, i.p.) and the chest cavity opened. A blood sample (approximately 250 J..Ll) 

was removed from the right ventricle of the heart with a heparinized needle and 

syringe. From this sample 50 J..Ll was taken and counted as whole blood. The 

remainder of the blood sample was centrifuged for I5 minutes at approximately 

II,OOO g. 50 J..Ll of the supernatant was drawn off and counted as plasma. The 
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remaining supernatant was drawn off and the protein precipitated with an equal 

volume of acetonitrile. 

While the blood was being processed, the brain was perfused with 0.9% 

saline for 30-45 seconds. A blunt needle was pushed into the left ventricle and 

when perfusion was established, the right atrium was cut to allow blood to flow 

freely from the circulatory system. This perfusion clears the radiolabeled peptide 

form the vasculature of the brain to allow more accurate determination of the 

amount of the radiolabeled peptide in the brain. This is an indication of the 

peptide that crosses the blood-brain barrier. 

Immediately after the perfusion, the following organs and tissue samples 

were removed: brain, kidney, liver, stomach, small intestine, large intestine, 

cecum, spleen, gall bladder (with contents), urinary bladder (with urine), heart, 

lungs, testes (reproductive tract), eyes, samples of the vastus lateralis muscle, 

mesenteric fat, and skin (including fur). The contents of the stomach, small 

intestine, large intestine, and cecum were combined in two ml of water and 

homogenized. 

All of the organs were weighed to the nearest 0. 001 mg. Samples that 

weigh over approximately 300 mg were homogenized with a portion of the organ 

homogenate weighed and added to a 20 ml glass vial as were all of the other 

organs, blood. plasma, tissue sample, 500 f..ll of the GI contents, and 500 f..ll of the 

feces collected from the cages. The feces were weighed and homogenized with 

water. The samples were solubilized with TS-2 (Research Products, Inc., Mount 

Prospect, IL ). Upon complete solubilization, 50 f..ll of glacial acetic acid was 

added to each tube to eliminate chemiluminescence, followed by 10 ml of liquid 

scintillation cocktail and all samples were counted on a Beckman LS 5000 TD 
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model scintillation counter. 

After removing all of the organs and tissue samples, the remaining carcass 

was weighed, homogenized in 10 ml of water, and a known amount of each 

carcass was solubilized and processed like the other samples. Whatman glass fiber 

filters were placed in each cage. Each filter was cut into small pieces and added to 

the sample vial containing the urinary bladder and urine prior to counting so that 

any radiolabeled peptide voided in the urine was counted also. 

Data Analysis 

The Newman-Keuls test and Student's t-test were used to assign significant 

differences between treatment and control means. Significance was set at P<0.05. 
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RESULTS 

Clonogenic Growth Assay 

The trypsin-chymotrypsin inhibitor BBI significantly decreased clonal 

growth in NCI-H345 cells and the effect appears to be dose-dependent (Table 2). 

However, none of the assays utilizing a concentration of 1 OJ.1g/ml BBI 

demonstrated a significant decrease in clonal growth in either cell line. At 

100Jlg/ml, BBI significantly decreased clonal growth of NCI-H345 cells in every 

assay in which it was tested. The clonal growth of NCI-N592 cells was not 

significantly decreased by 0.1-100J.1g/ml BBl. 

Aprotinin, a non-specific trypsin inhibitor, at the highest dose used 

(100J.1g/ml) significantly decreased clonal growth of NCI-N592 cells. Since 

aprotinin had a growth inhibitory effect only at the highest dose in the NCI-N592 

cell line is was not possible to show a dose-related effect. Aprotinin did not 

inhibit clonal growth of the NCI-H345 cell line at any concentration used (0.01 

Jlg/ml to 100 Jlg/ml). 

When NCI-H345 cells were treated with BBI and BN in the same plates 

there was significantly increased growth compared to either control cells that had 

no additions or to cells treated with BBI alone at 100 or 500 Jlg/ml (Figure 5). 

Clonal growth in cells treated with 100 Jlg/ml BBI and 1, 10, or 100 nM BN was 

significantly greater than in cells treated with 100 Jlg/ml BBI alone. Similarly, 

clonal growth in cells treated with 500 Jlg/ml BBI and 1, 10 or 100 nM BN was 

significantly greater than in cells treated with 500 Jlg/ml BBI alone. 

NCI-H345 and NCI-N592 SCLC cells were incubated with 0.1 to 10,000 

nanomolar concentrations of the GRP receptor antagonists [Psi 13, 14]BN and 

[FA]BN(6-13)oME in a soft-agar clonogenic assay. The clonal growth ofNCI-



Table 2. Effect of BBI and Aprotinin on In Vitro Clonal 
Growth of Human Small Cell Lung Cancer 

Agent Added (Concentration) NCI-N592 

Controlb 78.4 ± 3.4C 

BBid (0.1flg/ml) 72.0 ± 4.4 
BBI (I Oflg/ml) 76.5 ± 9.6 
BBI (IOOflg/ml) 97.3 ± 2.4 

Aprotinin (0.01f.1g/ml) 65.8 ± 3.2 

Aprotinin (10f.1g/ml) 73.7 ± 7.0 

Aprotinin ( 1 00f.1g/ml) 19.2 ± 2.7 * 
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Cell Linesa 

NCI-H345 

107.0 ± 14.6 

63.3 ± 8.5* 
_____________ e 

15.0 ± 1.5 * 

157.3 ± 5.9 

110.3 ± 27.2 

129.0 ± 12.5 

avalues for each cell line from one representative assay. bcontrols received no 

inhibitor and consisted of 6-11 plates for each cell line. CTreatments consisted of 

3-6 plates. Each point represents the mean colony count ± S.E.M. of colonies ~32 

J.! for NCI-H345 and ~42J.! for NCI-N592. dsowman-Birk Inhibitor. eRepresents 

dose not tested. *p<0.05 by Newman-Keuls test. Cells in HITES + 2% serum 

media, inhibitor or water, and agarose were plated on pre-prepared underlayers of 

media and agarose in 35mm X 10mm plastic petri dishes. 20,000 cells were plated 

per plate and grown for 9-14 days in a humified atmosphere of 5% C02/95% air at 

37°C. Colonies ~32J.! in diameter (NCI-H345) or ~42J.! in diameter (NCI-N592) 

were counted with an Omnicon F AS II image analysis system. 
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H345 cells was significantly decreased at the highest concentrations of 

[Psil3,14]BN (10,000 nM) and [FA]BN(6-13)oME (1,000 nl\1) (Table 3). At lower 

concentrations of both antagonists, there was significantly increased growth of this 

cell line. 

Addition of [Psil3,14]BN and [FA]BN(6-13)oME to NCI-N592 cells 

resulted in significantly decreased clonal growth only at the highest concentration 

of both antagonists with no significant effects at any other concentrations (Table 

3). 

Radioimmunoassay 

The processing ofGRP in NCI-H345 cells was examined using a 

radioimmunoassay technique. Addition of 100 J.lg/ml aprotinin to the cells led to 

an increase ofproGRP from 12.5 pmol/mg protein to 13.0 pmol/mg protein, a 

difference which was not significantly different from the control level (Figure 6). 

Addition of 500 J.lg/ml of aprotinin was associated with a significant increase of 

proGRP to 17.4 pmol/mg protein. The same pattern was observed when NCI

H345 cells were incubated with 100 J.lg/ml and 500 J.tg/ml BBI, that is, an increase 

in proGRP levels at both doses with only the higher dose being significantly 

different from control. 

Interestingly, GRP levels also increased in NCI-H345 cells that were treated 

with aprotinin and BBI (Figure 7). There was a slight decrease in 

GRP levels in cells treated with 100 J.lg/ml aprotinin for two days and a 

statistically significant increase of GRP from 18.9 pmol/mg protein to 25.2 

pmol/mg protein when the cells were treated with 500 J.tg/ml aprotinin. 

Although the level of GRP in cells treated with 100 J.lg/ml BBI was 



Table 3. Effect ofGRP Receptor Antagonists on in vitro 
Clonal Growth of Human Small Cell Lung Cancer 

Agent Added (nM) Cell line 
NCI-H345 

Control 1ooa 

[Psil3,14]BN 
1.0 138 
10.0 126 
100.0 159* 
1000.0 110 
10000.0 28* 

[FA]BN(6-13)oME 
0.1 152* 
1.0 96 
10.0 149* 
100.0 85 
1000.0 56* 

acolony counts given as % of control. 
* P<0.05 

NCI-N592 

100 

107 
77 
50 
63* 
81 

101 
101 
91 

108 
63* 

51 



.s 
(1) 

Figure 6. Y-24-Q (proGRP) Levels in NCI-H345 
Cells Treated With Aprotinin and BBI 
(100 and 500 ug/ml) for 2 Days 

0 12 
~ 

8 

4 

0 
Control Apro 100 Apro 500 BBI 100 BBI 500 

*P<0.05 
Apro=aprotinin; BBI=Bowman Birk inhibitor 

52 



.s 
Q.) 
~ 

0 
~ 

P-4 
00 

:§ 
0 
s 

P-4 

28 

24 

20 

16 

12 

8 

4 

0 

Figure 7. GRP Levels in NCI-H345 Cells 
Treated With Aprotinin and BBI 
(100 and 500 ug/ml) for 2 Days 

Control Apro 100 Apro 500 BBI 100 BBI 500 
*P<0.05 
Apro=aprotinin~ BBI=Bowman-Birk inhibitor 

53 



54 

essentially the same as the level of GRP in cells treated with 500 J.Lg/ml BBI, due 

to a higher standard error of the mean in the 100 J.Lg/ml group, the mean was not 

significantly different from the control group. With 500 J.Lg/ml BBI treatment, 

however, the GRP level was significantly different from control. 

Northern Blot for PCl and PC2 mRNA 

Messenger RNA for PC 1 and PC2 was detected in both cell lines by a 

Northern blot technique. In general, the cells appeared to contain more PC2 

mRNA than PCI mRNA. When the cells were incubated with IOOJ.Lg/ml BBI for 

48 homs, the level of mRNA for both PC 1 and PC2 in both cell lines decreased by 

approximately 50% (Figure 8) suggesting that the trypsin-chymotrypsin inhibitor 

BBI may interfere with transcription of mRNA for these prohormone convertase 

enzymes. 

In Vivo Distribution of (14C-Trp8)[FA]BN(6-13)oME 

The levels of(l4C-Trp8)FA]BN(6-13)oME in SCLC tumor tissue from one 

to 24 hours after subcutaneous administration is shown in Figure 9. The levels 

ranged from 1.17% of the total counts administered at two hours post

administration to 1. 77% of the total counts administered at 12 hours post

administration. These levels are comparable to those found in the skin (Appendix, 

Figure 16), kidney (Appendix, Figure 17), and plasma (Appendix, Figme 18). 

Much lower percentages were found in the brain, spleen, ovaries/uterus, 

lungs, heart, and eyes (Appendix, Figures 19-24). Levels of the radioactivity 

found in the brain ranged from a high of 0.36% at one hour after administration to 

a low of .23% at 24 hours after administration. 
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Figure 8. Northern Blot for PC1 and PC2 
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3 Cl- 592 
4.4 4 Cl- 592 BBI 

PC2 2 .4 

Northern blot of mRNA for PC1 and PC2 from NCI-H345 cells (lane 1-control: 

lane 2-treated with 100 J.tg/ml BBI) and NCI-N592 cells (lane 3-control and lane 

4-treated with 100J.tg/ml BBI). The scale on the left represents an RNA ladder 

(9.5, 7.5, 4.4, 2.4, 1.4, 0.24 kb) run in an adjacent lane. Control RNA is 18s 

ribosomal RNA. Ten J.tg of total RNA was loaded per lane as determined by the 

260 nm reading. The gel for this Notthern blot was performed by Dr. Robert Day 

of the Clinical Research Institute of Montreal. 
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The radioactivity counts remained fairly constant over the 24 hour period in 

all of these organs except the brain and spleen. The highest levels in the brain 

were seen at one hour post-administration with gradually decreasing levels from 

the one hour post-administration reading. The lowest levels in the brain were at 24 

hours post-administration. The levels of the radioactivity counts found in muscle 

tissue (Appendix, Figure 25) and whole blood (Appendix, Figure 26) were 

intermediate between the tumor levels and the levels found in brain tissue. In the 

spleen there was an increase in the percentage of counts found in the organ at the 

first two time points post-administration, then the levels declined to the lowest 

level at 24 hours post-administration. The lowest levels of radioactivity counts 

found in any organ was found in the eyes. 

The highest levels of 14C radioactivity found in any organ in this study 

were in fat (Figure 1 0). Sixty-five percent of the total counts administered were in 

the fat tissue one hour post-administration. Two hours post-administration the 

levels had decreased significantly to 41% of the total counts and continued to 

decrease at each time point up to 12 hours post-administration when the level was 

approximately 3% of the total. 

There was less than 1/10 of 1% of 14C counts present in feces at the one

hour and two-hour time points but at the four-hour time point approximately 

10.5% of the total counts administered were present in the feces (Figure 11). 

Every time point subsequent to this had increased levels of the radiolabeled 

peptide present. At 24 hours post-administration approximate 24% of the total 

counts were in the feces. 

It appears that excretion of 14C-Trp8 radioactivity in the urine may be a 
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significant route of elimination. At one hour post-administration, approximately 

9.3% of the counts administered could be detected in the urine (Figure 12). The 

trend seems to be a gradual increase of counts in the urine up to 12 hours post

administration when the counts were approximately 14% of the total with a slight 

decrease in the counts between 12 and 24 hours. 

The liver accounted for a fairly large percentage of the total counts with 

approximately 5.6% of the counts administered present in the liver at one hour 

post-administration (Appendix, Figure 27). This appeared to remain fairly 

constant over the 24 hour duration of the study with the lowest level of 

approximately 4.4% recorded at the final time point. 

Levels of the radio labeled peptide in the stomach, cecum and large intestine 

were fairly consistant being just under 1% of the total counts (Appendix, Figures 

28-30). The exception to this is the small intestine with counts ranging from a 

high of 7.9% at the two hour time point to a low of 3.4% at the 24 hour time point 

(Appendix, Figure 31 ). 

The sum of the counts recovered from all of the organs for each time period 

is shown in Table 4. These percentages do not total 100% due to conversion 

factors for whole blood and plasma to counts/ml and organs to counts/mg tissue. 
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Fifure 13. Time Course Distribution of 
(I C-Trp8)[FA]BN(6-13)oME in GI Contents 
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Fifure 14. Time Course Distribution of 
(I C-Trp8)[FA]BN(6-13)oME in Gall Bladder 
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DISCUSSION 

Clonogenic Growth Assay 

In this study, protease inhibitors significantly decreased clonal growth of 

SCLC cell lines NCI-H345 and NCI-N592. BBI failed to inhibit growth of NCI

N592 cells and aprotinin failed to inhibit NCI-H345 clonal growth at the 

concentrations used of 0.01Jtg/ml to 100 Jtg/ml. The differences in biological 

response to these inhibitors may be due to differences in specific cellular proteases 

inhibited and/or differences in the population of growth factors between the two 

cell lines. This would affect growth of the cells which could also lead to a 

different dose-response effect for each protease inhibitor in the different cell lines. 

Since PC 1 and PC2 are only two of many proposed processing enzymes in 

cancer cells, it is possible that one or more of the other unidentified processing 

enzymes is more important in the production of growth factors in the NCI-N592 

cell line than in the NCI-H345 cell line. In NCI-H345 cells the decrease of clonal 

growth in the presence of the protease inhibitor BBI is overcome by the addition of 

the SCLC autocrine growth factor BN to the plates indicating that the suppression 

of growth by BBI is mediated through mechanisms involving BN/GRP. 

Although [Psil3,14]BN at 10 to 10,000 nM concentrations decreased clonal 

growth ofNCI-N592 cells, only the decrease of growth of the 1000 nM group was 

statistically significant. The highest level of 1000 nM [FA]BN(6-13)oME led to a 

significant decrease of clonal growth of NCI-N592 cells with no effect on growth 

at lower concentrations indicating that these BN/GRP receptor antagonists may 

block growth of these cells. 

The effect of both [Psil3,14]BN and [FA]BN(6-13)oME on clonal growth 

ofNCI-H345 cells appeared to be biphasic with significant increases of growth at 
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lower concentrations of both pep tides and significant inhibition of growth of these 

cells at the highest concentration of both peptides. This could be due to binding of 

these antagonists at different receptors on SCLC cells such as the neuromedin B 

receptor which could have a different effect on the cells than binding to the GRP 

receptor. Since SCLC cells, in general have few receptors, complete antagonism 

of the receptors and therefore inhibition of growth should be accomplished at very 

low concentrations of the antagonists. Significant increases of clonal growth in 

the NCI-H345 cell line but not in the NCI-N592 cell line at low concentrations of 

the antagonist suggests that it is possible that these GRP receptor antagonists bind 

to receptors other than the GRP and neuromedin B receptors. Since some other 

receptors have been shown to mediate decreased SCLC growth, blocking these 

receptors could allow increased growth of the NCI-H345 cells in the presence of 

[FA]BN(6-13)oME or [Psil3,14]BN. A previous study has demonstrated that some 

GRP receptor antagonists have mixed agonist-antagonist properties. This may be 

the case with these compounds as well, i. e., they act as an agonist at lower 

concentrations and as an antagonist at higher concentrations. The differences in 

response between the NCI-H345 and NCI-N592 cell lines may reflect differences 

between the cell lines, either in receptors or in the response of the cell to the 

specific ligand to GRP and/or other receptors. 

Many effects of protease inhibitors have been previously described 

including suppression of: oncogene expression (Chang et al., 1985;Garte et al., 

1987), neoplastic transformation (Billings et al., 1987b,Kennedy and Little, 1981), 

in vitro invasiveness of tumor cells (Gambari et al., 1990), in vivo promotion of 

tumors (Troll et al., 1970) and oxygen radical formation (Frenkel et al., 1987). 

The concentrations of aprotinin and BBI that inhibited growth of SCLC cells in 
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this study is comparable to levels of these protease inhibitors used in other studies 

by other investigators. Aprotinin at 31.2 to 375 J.Lg/ml decreased activity of a 

DNA replication protein activity in human T-cell leukemia cells (Wong et al., 

1987) and 100 J.Lg/ml aprotinin decreased the in vitro activity of a trypsin-like 

enzyme from bovine adrenal medulla by up to 61% (Lindberg et al., 1984). BBI 

has been observed to decrease c-fos mRNA expression in BALB/c/3T3 cells at 50 

J.Lg/ml (Caggana and Kennedy, 1989), decrease c-myc mRNA in nontransformed 

but not in transformed C3H/10TY2 cells at 100 J.Lg/ml (Chang et al., 1990), 

decrease sister chromosome exchange and chromosome aberrations in Bloom 

syndrome cells at 100 J.Lg/ml (Kennedy et al., 1984), decrease activity of a serine 

protease by 81% in C3H/10TY2 cells at approximately 184 J.Lg/ml (Billings et al., 

1987a), and decrease H20 2 formation by TPA activated polymorphonuclear 

leukocytes at 200 and 400 J.Lg/ml (Frenkel et al., 1987). 

It is a distinct possibility that the non-specific enzyme inhibitors studied 

interfere with the action of several classes of proteases which contribute to the 

development of neoplasia through a variety of mechanisms. A serine protease 

with a mass of approximately 70 kDa has been found in C3H/10TY2 cells (Billings 

et al., 1987a). The activity of this enzyme was inhibited by the serine protease 

inhibitors BBI, chymostatin, and L-1-tosylamido-2-phenylethyl chloromethyl 

ketone, all of which were previously shown to have anti carcinogenic activity. 

Radioimmunoassay 

Although processing of preproGRP to the biologically active form of GRP 

is currently believed to primarily occur intracellularly and post-translationally 

(Sausville et al., 1986), it was shown that SCLC cell lines secrete predominantly 
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the unprocessed precursor of ACTH (i.e., proopiomelanocortin) and not processed 

ACTH indicating differences in the processing of different peptides within the 

same cell type (Stewart et al., 1989). Certain peptide precursors, therefore, may be 

secreted outside the cell and may rely on extracellular membrane-bound or soluble 

proteases for their processing. Membrane-bound proteases have been measured in 

the SCLC cell lines investigated here yielding measurable levels of proteases such 

aminopeptidase M, neutral endopeptidase 3.4.24.11, and membrane-bound trypsin

like activity (Davis et al., 1991 ). Inhibitors (e.g., BBI) of the intracellular trypsin

like proteases involved in processing peptides such as POMC to 6-endorphin or 

preproGRP to GRP may slow the biological activation of these compounds which 

may contribute to the reduced in vitro growth we observed. Although BBI and 

bestatin appear to inhibit the processing of GRP in vitro (Clark et al., 1993, in 

press), it is likely that the protease inhibitors utilized in the clonogenic growth 

assay could also be affecting growth by inhibiting processing of growth factors 

other than GRP. 

Using Western blot and immunoprecipitation techniques, a 14 Kdalton band 

was detected by Clark et al. (1993, in press) using antisera against type I proGRP 

(Y-24-Q) and type III proGRP (Y-18-S) and minor bands which correspond to 

proGRP metabolites. The major autoradiographic bands observed were at 

molecular weights of 8 and 14 Kdaltons which correlate to GGAP and proGRP 

respectively. Using 100 Jlg/ml of BBI treatment to NCI-H345 cells for 16 hours, 

the 14 Kdalton band (i.e. proGRP) increased approximately 3-fold. It has also 

been observed that BBI treatment of NCI-H345 cells caused a slight reduction in 

GRP after 16 hours (T. W. Moody, unpublished data). 

Fluorescent-labeled BBI-type inhibitor from chick peas has been observed 
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to bind to a membrane protease in methylcholanthrene transformed C3H lOT~ 

cells (Yavelow et al., 1987). In addition, it has been shown that the protease 

inhibitor and membrane protease became internalized into the cells (Billings et al., 

1991; Yavelow et al., 1987). Surprisingly, the aminopeptidase inhibitor bestatin 

(50 f.lM) slightly increased preproGRP and proGRP levels although the increase 

observed with bestatin is less than that observed with BBI (Clark et al., 1993, in 

press). The mechanism by which bestatin, an aminopeptidase inhibitor, could 

decrease the processing of preproGRP and proGRP to GRP is unclear. It is not as 

likely that an aminopeptidase is involved in the processing of GRP as in the 

degradation of the biologically active growth factor, however the results of the 

present study (i.e., increased levels of inactive GRP precursors when SCLC cells 

are incubated with bestatin) suggest that this protease inhibitor could affect the 

processing of the peptide growth factor to the active peptide form. The effect that 

bestatin has on processing of the peptide growth factor may indicate that bestatin 

has an inhibitory effect on an enzyme other than an aminopeptidase such as the 

specific PC enzyme that cleaves proGRP to GRP-gly-lys-lys or the 

carboxypeptidase B-like enzyme that cleaves the lysine residues from the Gly-lys

lys extended GRP. It remains to be determined if aprotinin affects preproGRP 

processing or if BBI affects the processing of other SCLC autocrine growth factors 

such as neurotensin or IGF-1. 

The effect of BBI and aprotinin to increase both proGRP and GRP levels in 

NCI-H345 cells after two day treatment may be due to several factors. Although 

GRP may decrease when the cells are treated for 16 hours, it is possible that there 

is up-regulation of GRP production by these cells after an initial decrease. 

The effect of a serine protease inhibitor on the secretion of tumor necrosis 
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factor (TNF) has been previously described (Scuderi, 1989). It was found that a 

serine protease inhibitor, p-toluenesulfonyl-L-arginine methyl ester (TAME) 

suppressed TNF secretion but did not decrease TNF mRNA levels indicating that 

the secretion of TNF but not the production of TNF is dependent on a serine 

protease. 

Although the effect of BBI and aprotinin on GRP mRNA production and 

secretion of GRP from SCLC cells has not been studied, it is possible that one or 

both of these inhibitors of serine proteases could have an effect on growth of 

SCLC cells by either of these mechanisms. It is also possible that these protease 

inhibitors may affect the production and/or release of other growth factors for 

SCLC besides GRP and that the inhibition of SCLC growth may be due, in part, to 

blockage of growth factor peptide processing resulting in an accumulation of 

inactive precursor proteins, as shown for proGRP, and/or inhibition of release of 

GRP from SCLC cells. 

Northern blot for PCl and PC2 mRNA 

The present study of PC 1 and PC2 mRNA in two SCLC cell lines (NCI

H345 and NCI-N592) indicates that mRNA for both PC1 and PC2 is present and 

that the cells appear to contain higher levels of PC2 mRNA than PC1 mRNA. 

Furthermore, when these cells were incubated with 100 Jlg/ml BBI for two days, 

mRNA for PC 1 and PC2 decreased by approximately 50% compared to control 

cells with no treatment. Although the exact mechanism by which BBI is exerting 

this effect is unknown, it is possible that this protease inhibitor may inhibit 

transcription or post-transcriptional processing of mRNA for PC 1 and PC2. The 

changes in prohormone convertase mRNA levels noted may be related to changes 

in the processing of preproGRP to the biologically active form of GRP. Although 
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BBI decreases mRNA for PC 1 and PC2 in both cell lines, BBI significantly 

decreases growth only in the NCI-H345 cell line at the doses used. This may be 

due to differences in processing, release and/or metabolism of the various 

autocrine growth factors between cell lines. 

Small cell lung cancer growth has been shown to be regulated in part by 

peptide hormones such as bombesin/GRP, neurotensin, 6-endorphin, and IGF-1 

(Bepler et al., 1988; Davis et al., 1991; Moody et al., 1985; Moody et al., 1987; 

Nakanishi et al., 1988). Previously, it was found that SCLC cells produce GGAP 

peptides in addition to GRP (Cuttitta et al., 1988). In human SCLC cells type I, 

type II, and type III proGRP is comprised of 115, 118, and 125 amino acid 

residues and the ratio of these products in SCLC was 6: 1:3 (Lebacq-Berheyden et 

al., 1988). 

It has been shown that SCLC cells secrete predominantly ACTH precursors, 

not ACTH(Stewart et al., 1989) and that due to different cleavage specificities PC1 

cleaves proopiomelanocortin (POMC) to mature ACTH but PC2 does not 

(Benjannet el al., 1991, Stewart et al., 1989). The present study found that SCLC 

cells appear to contain much more PC2 mRNA than PC 1 mRNA and that BBI 

decreased the mRNA for both enzymes indicating that BBI may inhibit PC 1 and 

PC2 gene expression in SCLC cells. It remains to be seen if a protease inhibitor 

such as BBI can decrease the activity of the prohormone convertases but a recently 

developed activity assay for Kex2-like enzyme activity (Azaryan and Hook, 1992) 

may help answer this question. This assay for Kex2-like proteolytic activity may 

give us a more complete picture of the mechanism of growth stimulation and 

inhibition in SCLC cells by examining the proteolytic activity of PC 1 and PC2, 

mammalian homologues of Kex2, a yeast protease. However, the specificity of 
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this assay to mammalian PC 1/PC2 is highly suspect. 

In Vivo Distribution of (14C-TrpB)[FA]BN(6-13)oME 

In a recent study, [Psil3,14]BN was shown to inhibit NCI-N592 SCLC 

xenograft formation in female athymic Balb/c nude mice (Davis et al., 1992) 

indicating that a GRP receptor antagonist can inhibit SCLC growth in vivo. In 

addition, the distribution of 125J-[Psil3,14]BN in mice was also examined by these 

investigators. Approximately one percent of the intravenously administered dose 

of radiolabeled peptide localized to the tumor tissue. This is comparable to the 

level of 14C-Trp8 radioactivity found in NCI-H345 SCLC tumors in female Harlan 

Sprague Dawley nude mice in the present study. 

HPLC analysis of pooled plasma samples from the one hour and 24 hours 

groups indicated that at one hour post-administration, approximately 65% of the 

radioactivity was accounted for in a peak that eluted at the same time as the 

radiolabeled standard. About eight percent of the radioactivity eluted before the 

parent compound and may indicate the presence of a metabolite of the parent 

compound. The rest of the radioactivity was located in the solvent front. 

At 24 hours post-administration, approximately 9% of the total radioactivity 

in the plasma seems to be due to the parent compound. The suspected metabolite 

accounts for 15% of the radioactivity at 24 hours and approximately 76% of the 

radioactivity is located in the solvent front. Since the metabolism of (14C

Trp8)[FA]BN(6-13)oME has not been determined either in vitro or in vivo, the 

exact form of the compound that elutes before the parent compound on the HPLC 

separation is unknown but may be the acid form of the compound. All references 

in this dissertation to the parent compound, (14C-Trp8)[FA]BN(6-13)oME, are 
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intended to include all forms of the radiolabeled antagonist that may be present. 

Levels of 14C counts in the kidney (Appendix, Figure 17), spleen 

(Appendix, Figure 20), lungs (Appendix, Figure 22) and heart (Appendix, Figure 

23) are comparable to results of the previous study, i. e., less than one percent of 

the total injected counts were present in the respective tissues in one hour post

administration. The present study found fairly high levels of 14C-Trp8 

radioactivity in the liver (Appendix, Figure 27) compared to less than one percent 

of 125J radioactivity found in the liver in the previous study. The reason for this 

difference is not apparent although it may be due to the different route of 

administration or differences in the route of elimination and/or metabolism of the 

peptide. 

Also, the study by Davis and colleagues (1992) found approximately three 

percent of the total counts in the stomach at one hour post-administration while the 

present study found less than one percent of the administered radiolabeled peptide 

in the stomach at the same time point (Appendix, Figure 28). Furthermore, since 

the specific region of the gut, i. e., small intestine, cecum, and/or large intestine is 

not identified in the earlier study, the finding of two percent of the counts in the 

intestine two hours post-administration is difficult to compare to the present 

study. 

The high levels in feces (Figure II) and urine (Figure I2) indicate that 

these are significant routes of elimination for this compound. In addition, the high 

level of the radioactivity in the GI contents (Figure 13), gall bladder (Figm·e 14), 

which includes the gall bladder and the bile, at two hours post-administration and 

feces (Figure II) stmting at four hours post-administration, coupled with fairly 

high levels in the liver at all time points indicates that the presence of the 
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radioactivity in the feces is due to bile excretion. 

The high level of 14C-Trp8 found in fat tissue in one hour post

administration indicates that the compound is fairly lipid soluble. It appears that 

the 14C counts increase in the fat tissue soon after subcutaneous injection reaching 

the highest level in fat in one hour post-administration (Figure 1 0) and then 

gradually leaves the fat tissue as the radioactivity is eliminated from the body via 

the gastrointestinal and urinary tracts. Renal clearance appears to be biphasic with 

levels of the radiolabeled peptide increasing rapidly in the first hour post

administration and then leveling off during the remainder of the time course of the 

study (Figure 15). 

When comparing the counts for plasma (Appendix, Figure 18) and whole 

blood (Appendix, Figure 26) for each time point, the counts in whole blood are 

consistently lower than in plasma. At each time point the whole blood counts are 

approximately 60% of the plasma counts. This may indicate that the peptide is 

neither taken up by nor binds to formed elements in the blood such as red blood 

cells, white blood cells and platelets. 

In summary, these data indicate that protease inhibitors significantly 

decrease the clonal growth of SCLC cell lines and that protease inhibitors may 

inhibit preproGRP processing and/or GRP release. Both of the GRP receptor 

antagonists use in this study significantly inhibited growth of the NCI-N592 cell 

line at the 1000 nM concentration. In the NCI-H345 cell line, there was 

significantly increased growth at low concentrations of the receptor antagonist and 

significantly decreased growth at higher concentrations of both compounds 

indicating that the antagonists may be act at different receptors than the GRP 

receptor or by a mechanism other than receptor binding. It is also possible that 
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these antagonists are not involved with the growth effects observed. 

The protease inhibitor BBI may decrease the transcription of mRNA for 

prohormone convertase enzymes which could affect GRP processing. Inhibition 

of intracellular processing or release of the growth factor GRP may be related to 

the observed decrease in clonal growth of the SCLC cells. The GRP receptor 

antagonist (14C-Trp8)[FA]BN(6-13)oME is absorbed and distributed to many 

tissues of the body including the SCLC tumor xenograft in nude mice. 

These findings indicate that protease inhibitors may have potential as novel 

therapeutic agents for human small cell lung cancer. GRP receptor antagonists 

may also be potential therapeutic anti-cancer agents but more investigation is 

necessary to detetmine the effective dose and mechanism of inhibition. A 

monoclonal antibody against GRP (2All) is being utilized in a Phase II clinical 

trial in human patients underscoring the importance of this particular growth factor 

to SCLC cells. By binding to GRP and preventing the growth factor from binding 

to its receptor on SCLC cells, the monoclonal antibody blocks the growth 

stimulation of the cancer cells. 

It is possible that interference with the growth stimulation of SCLC cells at 

other points in the pathway may also be effective in suppressing cancer cell 

growth in human patients. For example, the GRP receptor antagonists, by 

blocking GRP from binding to its cellular receptor, could have the same effect as 

the monoclonal antibody. Inhibition of processing of the peptide growth factor 

from inactive precursor forms (proGRO) to biologically active forms (GRP) or 

limiting release of the biologically active growth factor from the cells could also 

have the same ultimate effect, i.e., decreasing the concentration of growth factor 

available to bind to the receptor and elicit a cellular growth response. 
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It would be interesting to see what effect combinations of growth 

suppressors might have against SCLC cells. Blocking the growth response at 

different points in the pathway, i.e., blocking the receptor with an antagonist and 

decreasing processing or release of the active growth factor with a protease 

inhibitor might give an additive or synergistic effect that could decrease the dose 

of each individual drug needed to achieve a significant response. It would also be 

interesting to examine the effect that chemotherapeutic agents commonly used to 

treat SCLC might have when used in combination with protease inhibitors or GRP 

receptor antagonists. The aminopeptidase inhibitor bestatin administered orally in 

combination with adriamycin given by i.p. injection was observed to inhibit 

growth of Ehrlich carcinoma cells inoculated into the footpad of mice (Aoyagi et 

al., 1977) and in the same study bestatin in combination with bleomycin also 

suppressed growth of Ehrlich carcinoma cell.s when both compounds were injected 

intraperitoneally. A more recent study found that pepstatin A, a cathepsin D 

inhibitor, in combination with adriamycin decreased metastatic activity of M5076 

sarcoma cells inoculated s.c. in mice significantly better than with either agent 

alone (Leto et al., 1990). 

It has been shown that BBI is absorbed and retains its protease inhibitory 

activity after oral administration (Billings et al., 1992). Absorption and 

distribution of the GRP receptor antagonist used in this study to the SCLC tumor 

xenograft coupled with good stability of the peptide when incubated with SCLC 

cells (Davis et al., 1992) indicate that both these compounds may have potential 

for use against human SCLC. 
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Table 4. Distribution of (14C-Trp8)[FA]BN(6-13)oME in Athymic 
Balb/c Nude Mice After Subcutaneous Injection 

Time Post-Administration (hours) 
Organ 1 2 4 8 12 24 

Tumor 1.53* 1.17 1.51 1.36 1.77 1.19 
Fat 65.05 40.96 23.70 10.07 2.95 2.67 
Feces 0.08 0.03 10.47 16.66 18.28 24.04 
Urine 9.30 8.30 10,75 12.41 14.03 12.52 
GI Contents 11.78 13.29 0.74 4.32 1.39 9.29 
Gall Bladder 1.13 6.74 0.59 0.26 0.01 0.01 
Skin 1.36 1.63 1.82 1.74 1.98 1.70 
Kidney 1.30 1.17 1.30 0.95 1.22 0.90 
Plasma 1.71 1.67 1.87 1.40 1.31 0.74 
Brain 0.36 0.34 0.31 0.26 0.24 0.23 
Spleen 0.21 0.29 0.22 0.18 0.17 0.12 
Reproductive Tract 0.17 0.19 0.20 0.12 0.22 0.16 
Lungs 0.18 0.18 0.20 0.20 0.16 0.16 
Heart 0.10 0.10 0.12 0.11 0.10 0.10 
Eyes 0.03 0.03 0.05 0.03 0.02 0.02 
Muscle 0.62 0.53 0.70 0.61 0.67 0.48 
Whole Blood 1.01 0.89 0.95 0.75 0.66 0.48 
Lever 5.64 5.66 5.74 4.68 5.35 4.45 
Stomach 0.93 0.78 0.82 0.59 0.41 0.36 
Cecum 0.68 0.87 1.07 0.79 0.81 0.58 
Large Intestine 0.72 0.94 0.90 0.76 0.58 0.54 
Small Intestine 6.82 7.92 6.20 5.20 4.63 3.40 
Remaining Body 15.64 14.75 14.10 16.20 13.58 12.87 

Total 126.17 108.43 84.33 79.65 70.54 77.01 

*Percentage of total counts injected 
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Fif.ure 21. Time Course Distribution of 
(1 C-Trp8)[FA]BN(6-13)oME in Ovaries/Uterus 
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Fifure 26. Time Course Distribution of 
(I C-Trp8)[FA]BN(6-13)oME in Whole Blood 
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Fifure 28. Time Course Distribution of 
(I C-Trp8)[FA]BN(6-13)oME in Stomach 
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Fifure 30. Time Course Distribution of 
(1 C-Trp8)[FA]BN(6-13)oME in Large Intestine 
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Fifure 3 1. Time Course Distribution of 
(1 C-Trp8)[FA]BN(6-13)oME in Small Intestine 
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