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ABSTRACT In the last few years, molecular biology has provided evidence
] ) ] ) for the existence of several receptor subtypes within the VIP/
The evaluation of peptide receptors in man is needed not only to PACAP family (8). There are two VIP receptors, VPA@nd
discover the physiological target tissues of a given peptide but also to VPAC,, both with high affinity for VIP and PACAP that can be

identify diseases with a sufficient receptor overexpression for diagnostic . . . . .
or therapeutic interventions. Vasoactive intestinal peptide (VIP) and pi- distinguished pharmacologically by the VPAGelective analogue

tuitary adenylate cyclase-activating peptide (PACAP) receptors have been [K*2, RlG,L27]VIP(1—7)/GRF(8 —27) (KRL'VlF/GRF) and the
evaluated in human tumors and in their tissues of origin usingin vitto ~ VPAC,-selective RO 25-1553 (9, 10). There is at least one PACAP
receptor autoradiography with *23-VIP or '?3-acetyl-PACAP-27 intissue receptor, PAG, that is characterized by high affinity for PACAP
sections. The VIP/PACAP receptor subtypes VPAG VPAC,, and PAC, but low affinity for VIP (8, 11).

were evaluated in these tissues by determining the rank order of potencies ~ Recently, a high incidence of PAQvas found in human gliomas,

of VIP and PACAP as well as VPAG- and VPAC,-selective analogues. neuroblastomas, and pituitary adenomas (11-14), whereas YPAC
The VIP/PACAP receptors expressed in the great majority of the most a5 jdentified in pancreatic cancers (15). However, it is presently
frequently occurring humoa” tumors, 'nd”‘img breast (0100% recemoor unknown which subtype of receptor is expressed by the great majority
incidence), prostate (100%), pancreas (65%), lung (58%), colon (96%), of the other human tumors having VIP/PACAP receptors. Generally,

stomach (54%), liver (49%), and urinary bladder (100%) carcinomas as this inf tion is also lacking for th i f oriqin of th
well as lymphomas (58%) and meningiomas (100%), are predominantly of IS Information 1S also lacking for the normal issues of origin ot the

the VPAC, type. Their cells or tissues of origin,i.e., hepatocytes, breast {UMOrS. Such data would not only be important as additional biolog-
lobules and ducts, urothelium, prostate glands, pancreatic ducts, lung ical information on these tumors and their tissues of origin but may be

acini, gastrointestinal mucosa, and lymphocytes, also predominantly ex- decisive for the formulation of a number of clinical applications for
press VPAC,. Leiomyomas predominantly express VPAG receptors, VIP/PACAP, such asn vivo VIP/PACAP receptor scintigraphy or
whereas paragangliomas, pheochromocytomas, and endometrial carcino- long-term treatment with VIP/PACAP analogues, two approaches

mas preferentially express PAG receptors. Conversely, VPAG receptors  pased on receptor-selective targeting of tumors by labeled or unla-
are found mainly in smooth muscle (i.e., stomach), in vessels, and in phaled VIP/PACAP molecules.

stroma (e.g.,of the prostate), whereas PAG receptors are present in the

; i X To be able clinically to take advantage of a high peptide receptor
adrenal medulla and in some uterine glands. Whereas the very wide

distribution of VIP/PACAP receptors in the normal human body is indic- EXpresflon. In human tumors, a particularly high tumor to .baCk_
ative of a key role of these peptides in human physiology, the high ground rath (Wher(f" background repr_esents non_tumor t_'SS‘%e) IS prgf-
VIP/PACAP receptor expression in tumors may represent the molecular €rable for diagnostic as well as radiotherapeutic applications. It is
basis for clinical applications of VIP/PACAP such asin vivo scintigraphy ~ therefore a prerequisite to also have data on the VIP/PACAP receptor
and radiotherapy of tumors as well as VIP/PACAP analogue treatment €xpression in the normal human tissues to identify which types of
for tumor growth inhibition. receptor-positive human tumors are most adequate for clinical inves-
tigations. Although peptide receptors, including VIP/PACAP recep-
tors, have usually been investigated extensively in normal tissues of
laboratory animals, systematic investigations in human tissues are
A majority of human tumors, in particular the frequently occurringnuch less frequent, being limited by the difficulty in obtaining and
carcinomas, express ViReceptors (1—4). Based on this high occuranalyzing such tissues as well as by the often great individual varia-
rence of tumoral VIP receptors, a number of potential clinical applfility in receptor expression observed in human tissue samples.
cations have been evaluated. First, it could be demonstrated thathe aim of the present investigation was to evaluate VIP/PACAP
selected tumors, in particular, the VIP receptor-positive colorectgiceptors and identify their subtypes in a large number of different
cancers, can be visualized in the patient by meanmofivo VIP  types of human tumors, including the most frequently occurring
receptor scintigraphy (5). Moreover, several studies have reportedc@hcers, in comparison with the VIP/PACAP receptor subtypes ex-
effect of VIP and PACAP analogues on tumor growth in animal tumdiessed in the normal tissues of origin of these tumors. More than 400
models, mediated by specific receptors (6, 7). Therefore, VIP and #fiéman primary tumors and metastases as well as numerous samples of

related peptide PACAP may be of great potential importance foprmal tissue were therefore evaluatiedvitro by means of VIP/
oncology. PACAP receptor autoradiography with the use of subtype-selective

analogues to differentiate VPACVPAC,, and PAG.

INTRODUCTION
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2T whom requests for reprints should be addressed, at Division of Cell Biology af#fgnostic histopathological analysis were frozen immediately after surgical
Experimental Cancer Research, Institute of Pathology, University of Berne, Murtenstrasgsection and stored at70°C. The following tumors were investigate) (
31, P. O. Box 62, CH-3010 Berne, Switzerland. Phone: 41-31-632-3242; Fax: 41-31-6331{onic adenocarcinomas ¢n 26); (b) gastric carcinomas (a 26); (c) ductal

8999; E-mail: reubi@patho.unibe.ch. ; ; . _ ;
3The abbreviations used are: VIP, vasoactive intestinal peptide; PACAP, pituita%?ncreatlc adenocarcinomas £n40); (d) non-small cell carcinomas of the

adenylate cyclase-activating peptide; HCC, hepatocellular carcinddiayIP, 123-  1Ung (n = 40); (e) breast carcinomas (a 68); (f) endometrial carcinomas
Tyrlo-VIP; 129-PACAP, *?%-Ac-His'-PACAP-27; Gl, gastrointestinal. (n = 12); (g) prostate carcinomas (@ 37); (h) liver carcinomas (HCCs;
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Table 1 Incidence of VIP/PACAP receptor-positive tunfors isotope cross-calibrated to tissue-equivalent ligand concentration. A tissue was
Tumor type Incidence consic_iered VIP rec_ept_or-positi_ve when the absorb_ance measured over a ti§§ue
Lung carcinoma (NSCLC) 23140 (58%) area_ in the _total binding section was at least twice that of the nonspecific
Colorectal carcinoma 25/26 (96%) blndlng- section.
Breast carcinoma 68/68 (100%) To distinguish PAG receptors from VPAgand VPAG, subtypes, all cases
Gastric carcinoma 14/26 (54%3 demonstrating binding with th&3-PACAP ligand were evaluated for high
Prostate carcinoma 37/37 (100%) (VPAC, or VPAG,) or low (PAC,) affinity for VIP in complete displacement
Liver carcinoma (HCC) 29/59 (49%) . | d . ingle VIP ion ofi 20
Ductal pancreatic carcinoma 26140 (65%) curves or, in selected cases, using a single VIP concentration n
Urinary bladder carcinoma 4/4 (100%) In addition, a large and representative selection of each type of tumor found
Non-Hodgkin's lymphoma 11719 (58"/00) to be positive using®3-VIP as ligand was characterized in terms of VPAC
[/'eeim%or?; %ﬁg Eég%’) and VPAG, subtypes. Complete displacement curves (or, in selected cases,
Endometrial carcinoma 12/12 (100%) displacement with a single concentration of 2@)rnwere performed using
Pheochromocytoma 18/25 (72%) VPAC,-selective KRL-VIP/GRF (9) and VPACselective RO 25-1553 (10).
Paraganglioma 18/18 (100%) This pharmacological evaluation of VIP/PACAP receptor subtypes permitted
a Positive tumors include those labeled with3-VIP and *?3-PACAP and those us to identify with confidence the predominantly expressed subtype in a tissue.
'abgﬁgé"l'_tg q'PACAI'ID Orl‘l'llf- ) For further confirmation of the data obtained using the above-mentioned
» hon-smaf cefl lung carcinoma. method, a number of VPAE and VPAG-expressing human tissues were

tested with™®3-labeled VPAG-selective KRL-VIP/GRF or VPAGselective
. - . . RO 25-1553 used as radioligands. KRL-VIP/GRF and RO 25-1553 were both
n = 59); (i) non-Hodgkin's lymphomas (r= 19); (j) bladder carcinomas i, inateq using the lactoperoxidase method (2000 Ci/mmol; Anawa); receptor
(n = 4); (k) meningiomas (n= 27); () pheochromocytomas (% 25); (M) 4 toradiography conditions, including radioligand concentration, were the
paragangliomas (r= 18); and (n) leiomyomas (r= 15). We also tested 11 g5 a5 those described above for the VIP receptor autoradiography. Whereas
lymph node metastases of breast cancer. Although many of the tumor SammKRL-VIP/GRF gave a very high nonspecific binding inadequate to iden-
contained adjacent normal tissue, we have also evaluated normal tissue f{ VPAC, receptors in tissues?3-RO 25-1553 was found to be a very

noncancerous patients, including tissue from the lymph nodes, gastric gfid,ape radioligand to detect VPA@xpressing normal and neoplastic hu-
colonic wall, breast, lung, prostate, liver, pancreas, bladder, uterus, and adrgr%l] tissues.

gland.

VIP and PACAP Receptor Autoradiography. Receptor autoradiography
was performed on 10- and 20m-thick cryostat sections of the tissue samplesRESULTS
as described previously (16, 17). All tissue samples were analyzed with
23-VIP, eluted as a single peak by high-performance liquid chromatography, Table 1 summarizes the incidence of a series of VIP/PACAP
and analyzed by mass spectrometry (2000 Ci/mmol; Anawa, Wangen, SWiteptor-expressing tumors, including all of the most frequently oc-
zerland) and*3-PACAP (2000 Ci/mmol; Anawa). The tissues were cut on &, ring carcinomas. It is striking to see that the overall incidence for

cryostat, mounted on microscope slides, and storec2@C for at least 3 days . L 125 125 - .
to improve adhesion of the tissue to the slide. The slide-mounted tisstumors displaying*3-VIP and/or**3-PACAP binding was very high

e .
sections were allowed to reach room temperature and then incubated for_h]%'f)_COIO"eCtal Cancer_s, breas_t’ prOSta_te’ and b_Iadder_carcmomgs, men-
min in a solution of 50 m Tris-HCI (pH 7.4) containing 2% BSA, 2 m  Ingiomas (both meningothelial and fibroblastic meningiomas); para-

EGTA, 0.1 mm bacitracin, and 5 m MgCl, to inhibit endogenous proteases ingang!iomas; and endometrial .carcinomas. More than ha” of the lung,
the presence of 30w *?3-VIP or *?3-PACAP at room temperature, as gastric, and pancreatic carcinomas; lymphomas; leiomyomas; and
described previously (18). To estimate nonspecific binding, paired serfaifieochromocytomas and almost half of the HCCs expressed VIP/
sections were incubated as described above, except fnatIP or PACAP, PACAP receptors. As seen in the subtype characterization shown in
respectively (Bachem, Bubendorf, Switzerland), was added to the incubatipgple 2, almost all listed tumors had predominantly VRAGefined
medium. After the incubation, the slides were rinsed with four washes (1 nwy a high affinity for KRL-VIP/GRF), except for the leiomyomas with
each) inice-cold 50 m Tris-HCI (pH 7.4) with 0.25% BSA, dipped in ice-cold VPAC, (defined by a high affinity for RO 25-1553). In the tumors
water, and then dried quickly in a refrigerator under a stream of cold air. Tngted |2n Table 2, the detection of a predominant R&Zpression was

) 1

sections were subsequently exposetHeHyperfilms (Amersham, Aylesbury, . . .
United Kingdom) for 1 week. extremely rare (PAQng detected in two HCCs listed in Table 2). .
The autoradiograms were quantified with a computer-assisted image-1a0le 3 lists an additional group of tumors expressing predomi-

processing system, as described previously (16, 17). Radiolabeled tissue Ba@tly PAG, including most of the paragangliomas, ph?OChromOCy'
tions were exposed t8H-Hyperfilms, together with standards (Autoradio-tomas, and endometrial cancers. In all cases, as seen in displacement

graphic [?3]microscales; Amersham) that contained known amounts afurves using4-PACAP, VIP bound with low affinity, compared to

Table 2 Characterization of the main VIP/PACAP receptor subtype expressed by tumors

Tumor labeled by*?3-VIP and *?3-PACAP Tumor labeled by*23-PACAP only
Receptor subtypes in

Tumor type VPAC,? VPAC,? PAC,¢ PAC,¢ normal tissue of origin
Lung carcinoma (NSCLC’) 11/11 0/11 0/11 0/15 VPAC; (Acini)
Colorectal carcinoma 23/23 0/23 0/23 VPAMucosa)
Breast carcinoma 21/21 0/21 0/21 VPAQobules+ ducts)
Gastric carcinoma 13/13 0/13 0/13 0/12 VPA®Aucosa)
Prostate carcinoma 17/17 0/17 0/17 VPA@Glands)
Liver carcinoma (HCC) 26/26 0/26 1/26 1/28 VPAHepatocytes)
Ductal pancreatic carcinoma 13/13 0/13 0/13 0/12 VRADBucts)
Urinary bladder carcinoma 3/3 0/3 0/3 VPAQJrothelium)
Non-Hodgkin’s lymphoma 6/6 0/6 0/6 NA VPAQLymphocytes)
Meningioma 6/6 0/6 0/6 NA
Leiomyoma 0/7 77 0/7 0/4 VPALC(Smooth muscle)
aVPAC, is defined by its high affinity for KRL VIP/GRF and low affinity for RO-25-1553 usifgfl-VIP tracer.
|DVPAC2 is defined by its high affinity for RO-25-1553 and low affinity for KRL VIP/GRF usifgl-VIP tracer.

®PAC, is defined by its high affinity for PACAP 27 and low affinity for VIP usiHﬁﬁ-PACAP tracer.
dNSCLC, non-small cell lung carcinoma; NA, not assessed.
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Table 3 Incidence of PAGexpressing tumors and comparison with the main subtypeVPAC_-selective analogues. This is the case for hepatocytes, Gl

expressed in their tissue of origin mucosa, lobules and ducts of the breast, prostatic glands, urothelium
_ Main VIP/PACAP-R of bladder and ureter, acini of the lung, and pancreatic ducts. None of
Incidence of PAG- subtype present . . . . .

Tumor type positive tumor8 in tissue of origin the investigated epithelial tissues have been found to have a predom-

Catechol-secreting tumors inant VP_ACZ receptor expression (Tables 2 and 3). HOV\_/ever, s_e\(eral
Pheochromocytoma 18/25 (72%) PAQ\drenal medulla) human tissues have a predominant RBAEceptor expression. This is

Paraganglioma 18/18 (100%) PACAdrenal medulla) . s _
Endometrial carcinoma 12/12 (100%) VPAGAC, (Glands) the case for the adrenal medulla, the tissue of origin of the cate

cholamine-secreting tumors. Another case is the uterus, which focally
expresses PACand VPAC in glands, whereas the stroma expresses
mainly VPAG, receptors (Table 3).

the high affinity seen with PACAP. Interestingly, in the majority of Conversely, smooth muscle in various locations pr_efe_rentia_llly ex
the cases, there was nevertheless a spééffie/IP binding displaced Pre¢sSS€s VPAC receptors as documented B§3-VIP binding dis-

by nanomolar concentrations of VIP, as described previously f8|aced by nanomolar concentratioqs of the VBAElective RO
PAC, transfected cells by Hashimotet al. (19). However, this 25-1553 but not of the VPA_,GseleC“Ve analogue KRL-VIP/GRF.

125.VIP binding was poorly displaced by KRL-VIP/GRF or RO *°I-PACAP binding is displaced by nanomolar concentrations of

25-1553. It may correspond to the PAGplice variant reported PACAP and of VIP in these fissues. Such VPAfceptors are
recently (20). observed in smooth muscle in locations as different as the Gl tract (the

The VIP/PACAP receptor status of the tissues of origin for thgomach in particular, but not the colon) and the seminal vesicle.
above-mentioned tumors is also summarized in Tables 2 and 3. IMgreover, several blood vessels (arteries more than veins) express
striking to observe that VIP/PACAP receptors are found in moMiP receptors, located primarily in the smooth muscle. However, not
human epithelial tissues. In the majority of these tissues, the Vi@ identified blood vessels show VIP receptor expression, and a
PACAP receptor subtype preferentially expressed is the VP#&E considerable subtype variability is noticed: whereas the majority of
ceptor, as detected by the differential affinity of the VPA@nd the vessels express VPAQeceptors, few preferentially express

& PAC,-positive tumors were defined by high affinity for PACAP 27 and low affinity
for VIP using*?3-PACAP tracer.

Breast Ca VPAC,
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Fig. 1. Detection of the VPACreceptor subtype in invasive ductal breast carcinoma and the surrounding breasijd3&&-stained sectioriTu, carcinomaBr, normal breast
tissue.Bar, 1 mm.B-D, autoradiograms showing1-PACAP binding.B, *?3-PACAP total binding.C, binding in the presence of 2mrPACAP. D, binding in the presence of 20
nm VIP. E-H, autoradiograms showitg3-VIP binding. E, *3-VIP total binding.F, binding in the presence of 2@rVIP. G, binding in the presence of 2@rof the VPAC,-selective
analogue (sV1) KRL-VIP/GRHRH, binding in the presence of 2Qunof the VPAC,-selective analogue (sV2) RO 25-1553. The tumor and normal breast tissues are labeled with
129-PACAP and'?9-VIP. Complete displacement by 2@rPACAP and VIP excludes the presence of BAComplete displacement by 2@ KRL-VIP/GRF but not RO 25-1553
strongly suggests expression of VPA@ both tissues. On theght, the two competition curves reveal the VPAExpression of breast carcinoma: tiop graphshows high affinity
displacement of29-VIP by KRL-VIP/GRF but not by RO 25-1553; thisottom graphshows high affinity displacement f%-PACAP by PACAP and VIP.
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VPAC, receptors, and some others express a mixture of VPa@
VPAC, receptors. Furthermore, stromal tissue can also express
VPAC, receptors: they are found, in particular, in the stroma of the
uterus and prostate, whereas the glands of the prostate preferentially
express VPAG (see above). These VPA@xpressing tissues,
namely, gastric smooth muscles, vessels, and the uterine and prostatic
stroma, are all specifically labeled by the VPAEelective®?3-RO
25-1553 radioligand (data not shown).

Most human solid lymphoid tissues express VIP/PACAP receptors
at high density, as shown previously (21, 22). In the present study, all
of the investigated lymph nodes, which were removed from the
axillary region in most cases, have a strong predominance of \(PAC
receptors (Table 2).

Fig. lillustrates a typical VPAGexpressing breast carcinoma with
VPAC,-expressing adjacent breast tissue. PACAP and VIP com-
pletely displace*3-PACAP binding in the high affinity range, indi-
cating the absence of PACVIP and KRL-VIP/GRF displacé?®3-

VIP in the nanomolar range, whereas RO 25-1553 displaces it with
low affinity, indicating a predominance of VPACFig. 2 shows a

VPAC,-expressing ductal pancreatic carcinoma next to a VRAC B ATy e o
FVIP L #VIP.

positive normal pancreatic duct. Fig. 3 is an autoradiography of a
VPAC,-expressing gastric carcinoma with, for comparison, a normal
stomach expressing VPAGN the mucosa and VPAQN the smooth
muscle. Complete displacement curves are shown in Fig. 4 for gastric
cancer and normal stomach, including mucosa and smooth muscles.
The leiomyoma in Fig. 5 expresses the same VR Aibtype as found

in the smooth muscle shown in Fig. 4, characterized by the low
affinity of KRL-VIP/GRF and high affinity of RO 25-1553. This type

of tumor can also be specifically labeled witR3-RO 25-1553. In
contrast to the examples cited above, Fig. 6 shows a,Rx@ressing
pheochromocytoma next to normal human adrenal medulla, both
characterized by a low affinity of VIP. Fig. 7 shows a PA€xpress-

ing paraganglioma in a displacement experiment.

Lymph nodes are important metastasis sites of tumors. As shown in
Table 4, we have measured the VIP receptor density of metastatic
breast cancer tissue in axillary lymph nodes, and compared with the . v
nonmetastatic lymphoid tissue of lymph nodes: the density of VPAC Fig. 2. VPAC, in human ductal pancreatic carcinoma (A—E) and its tissue of origin, the

receptors in lymphoid tissue was twice as high as that in the canggficreatic duct (F-K)A and F, H&E-stained sectionsBars, 1 mm.B—E and G-K,

tissue. autoradiograms showing3-VIP binding. B and G, *3-VIP total binding.C and H,
binding in presence of 20m VIP. D and I, binding in presence of 20w of the
VPAC,-selective analogue (sV1) KRL-VIP/GRE.andK, binding in presence of 20v

DISCUSSION of the VPAG,-selective analogue (sV2) RO 25-1553. Complete displacement by 20 n
KRL-VIP/GRF but not RO 25-1553 in the carcinoma and in the duct suggest the presence

The present study shows that the great majority of frequent?{/VPAcl'

occurring carcinomas predominantly express VRA€eptors, as do

their normal tissues of origin. This is the case for breast, prostate,The diagnostic localization of tumors and their metastases using
colon, lung, and bladder carcinomas as well as gastric, ductal panaeseptor scintigraphy requires a sufficiently high density of tumoral
atic, and HCCs. It is rare to find tumors predominantly expressinmgceptors, as well as a high tumor to background ratio. Whereas most
VPAC.. In our series, we could identify only leiomyomas as a benigtumors yield the high VIP/PACAP receptor density necessary for their
mesenchymal neoplasm expressing VBA@robably in relation to visualization, the optimal tumor to background ratio is more of a
the VPAC,-expressing smooth muscles. concern because VIP/PACAP receptors are expressed by so many

Conversely, other benign and malignant neoplasms located in thermal tissues. It may therefore be necessary to limit VIP/PACAP
brain or endocrine and neuroendocrine system appear to predorageptor scintigraphy to those tumors located in sites where an optimal
nantly express PAC It had previously been reported that gliomastumor:tissue ratio of receptor density can be expected. VJPAC
neuroblastomas, and pituitary adenomas express,RACG-13). We expressing colorectal cancers are probably good candidates because
can now add to this list catecholamine-secreting tumors, pheochtilee normal Gl tract has a relatively moderate density of VRAC
mocytomas, paragangliomas, and endometrial cancers. There is exteptors located in very distinct areas of the mucosa. This statement
dence that their respective tissues of origin can express R#ten at is supported by the study of Virgolirgt al. (5) showing that human
high density, as seen in the human adrenal medulla. colorectal cancers can be localizedihyivo VIP receptor scintigra-

The presence of the various VIP/PACAP receptor subtypes not ompliry. Conversely, lung cancers are poor candidates because of the high
in tumors but also in the great majority of the nonneoplastic, normaénsity of VIP/PACAP receptors in lung acini. VPA@xpressing
tissues of origin may have a number of important implications, bofirostate cancers are also inadequate candidates due to the high
advantageous and disadvantageous, with regard to the potential dMRAC, receptor expression in normal prostatic glands. Furthermore,
ical applications for VIP/PACAP. VPAC,-expressing neoplasms located in the liver may not be ade-
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] + VIP

+8V1

+s\V2

Fig. 3.Left panels A-H, VPAin human gastric carcinoma, H&E-stained sectiorBar, 1 mm.B-D, autoradiograms showirtg-PACAP binding.B, *>4-PACAP total binding.
C, binding in the presence of 2mrPACAP. D, binding in the presence of 20anVIP. E-H, autoradiograms showirg3-VIP binding in gastric carcinoma tissug, *29-VIP total
binding.F, binding in the presence of 20nVIP. G, binding in the presence of 2trof the VPAGC,-selective analogue (sV1) KRL-VIP/GRR, binding in the presence of 20n
of the VPAG,-selective analogue (sV2) RO 25-1583ght panels A—E, normal gastric wall with VPA@ mucosa (m) and VPACIn the tunica muscularis (TMA, H&E-stained
section Arrowhead, muscularis mucosdgar, 1 mm.B-E, autoradiograms showifg™-VIP binding in analogy tdeft panels E-HB, *?3-VIP total binding.C, binding in the presence
of 20 nv VIP. D, binding in the presence of 2rof the VPAC;-selective analogue (sV1) KRL-VIP/GRF, binding in the presence of 2@rof the VPAC,-selective analogue (sV2)
RO 25-1553. The mucosa has the same VPARaracteristics as the gastric carcinoma, whereas the smooth muscle expressgs VPAC

quate for VIP receptor scintigraphy because of the high density ofThese density ratios identified in the present study are, of course,
VPAC, receptors in the normal liver. We have shown that HCCs hawased orin vitro data measuring a nondynamic receptor condition in
approximately one-fourth the density of VIP receptors in the liver (33ections of normal and tumoral tissues. One cannot excludeithat,
The same low ratio is found between pancreatic or colorectal cargivo, VIP receptors expressed in tumoral tissues will have character-
nomas and the normal livérsuggesting that in many cases, livelistics distinct from those expressed in normal tissees., because of
metastases of these two types of cancers as well as HCCs will notdifferent internalization rates, different ligand dissociation rates, or
identified as positive hot spots with VIP receptor scintigraphy buifferent receptor turnover; this would lead to an accumulation of
rather as cold spots. We can conclude from the present study tratioligand in both tissues at a rate different from that predicted by the
lymph node metastases, for example, lymph node metastases of brigasitro measurement of receptor density. It would, of course, be
cancers, will also be difficult to assess with VIP receptor scintigrapiparticularly useful for imaging purposes if a differential receptor
because of the high VIP receptor content of normal lymphoid tissgharacteristic between tumor and normal tissue led to a highévo

(21, 22). accumulation in the tumor than in normal tissue. Experimental evi-
dence for such mechanisms are presently lacking; it is much needed,
4J. C. Reubi, unpublished data. but difficult to obtain.
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Fig. 4. Competition curves showing VPAG@ human gastric carcinoma (top graph)
and gastric mucosa (middle graph) and VPAR gastric smooth muscle (bottom graph).
Topandmiddle graphshow high affinity displacement df3-VIP by KRL-VIP/GRF but
not by RO 25-1553. Somatostatin (SS-14) is inact@tom graphshows high affinity
displacement 0f?3-VIP by RO 25-1553 but not by KRL-VIP/GRF. Somatostatin (SS-14)
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is inactive.

circumstances, the background given by the liver and/or lymph node,
which consists mainly of VPAC receptors, may remain low: the
selective PAG radioligand would label the PACtumor, but not the
adjacent VPAG tissues.

Because it is possible to target VIP/PACAP receptor-positive
tumors with radiolabeled VIP/PACAP analogues (5, 24), it should
also be possible to treat these receptor-positive tumors selectively
with high doses of adequately radiolabeled VIP analogues. Prelim-
inary studies using radiolabeled somatostatin analogues suggest
that bothB emitters as well as Auger emitters (25, 26) can give
promising results in terms of stabilization or reduction of the
growth of somatostatin receptor-positive tumors. A prerequisite is
that the tumor expresses a particularly high density of receptors.
The limitations of such a radiotherapy include the destruction by
irradiation of surrounding and distant receptor-positive normal
target tissues, in particular, radiosensitive tissues such as the
VIP/PACAP receptor-positive immune system. Other critical or-
gans that may be destroyed by such a radiotherapy include the
kidney and liver, not only because they express VRAlt also
because they excrete and eliminate large amounts of peptide

ig. 5. VPAG, in a human leiomyomaA, H&E-stained sectionBar, 1 mm.B-E,

) F
In the case of PACreceptor-expressing tumors, one may overcomgioradiograms showin-VIP binding. B, 123-VIP total binding. C, binding in the
the problem of high background in liver or nodal metastases if ttesence of 20m VIP. D, binding in the presence of 2Qunof the VPAC,-selective

receptor scintigraphy is performed with a PA@ceptor-selective

analogue (sV1) KRL-VIP/GRFE, binding in the presence of 20vnof the VPAG-
selective analogue (sV2) RO 25-1553. Displacement by 2(R@® 25-1553 but not

ligand such as maxadilan (23). One may assume that, under thesEeVIP/GRF suggests the predominance of VRPAC
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)

Fig. 6. PAC receptors in a human pheochromo-
cytoma (A-D) and its tissue of origin, the adrenal
medulla (E-H) A andE, H&E-stained sectiong.u,
pheochromocytomeCx, cortex;M, medulla.Bars,

1 mm.B-D andG-H, autoradiograms showirig®-
PACAP binding.B and F, *?3-PACAP total bind-
ing. C and G, binding in the presence of 20un | g :
PACAP.D andH, binding in the presence of 2@&n C ;
VIP. 20 m PACAP but not VIP displaces the ligand ;- | -
in the pheochromocytoma and in the adrenal me;
dulla, suggesting the presence of PAC

radiotracers from the body. It is to be hoped, however, that @aple 4 viP receptor density in breast cancer lymph node metastases compared with

careful limitation of the radiation dose given to these vital organs nonneoplastic lymph nodes

may partly overcome the potential side effects. Tissues Density (dpm/mg tissue; meah SE)
VIP and PACAP can affect the growth of normal and neoplastiC  greast cancer metastases 2672+ 311 (n= 11)

tissues. Whereas several groups have reported tumor growth-promot- Nonneoplastic lymph nodes 5563+ 562 (n= 13)

ing activities of VIP and growth inhibition properties of VIP antag-
onists in various tumor models (6, 15, 27-29), recent evidence by

Marunoet al. (7) has suggested that VIP itself may be an inhibitor of

tumor growth under certain conditions. Based on the presence\gP/PACAP receptors in the ”_‘a“’“ty of the most cor_nrn_o_n_human
tumors, the postulate to use high doses of a growth-inhibiting VIP/

PACAP analogue (agonist or antagonist) is therefore highly attractive.

Paraganglioma PAC, One crucial question is whether there will be an equally good growth-
inhibiting effect in human tumors as that seen in animal tumor models
100 - = ——— or cell cultures. The present study will help to choose the type of
human cancer that will be most promising for clinical trials with
VIP/PACAP.

Clinical indications in which high doses of nonradioactive VIP/
PACAP analogues are necessary for long-term peptide treatment
should be considered carefully, due to the possible side effects related
to the high number of VIP target tissues in the human body. To be able
to predict such side effects, we need a better understanding of VIP/

1254-Ac-His-1-PACAP-2T spec. hinding %
(L]
o

:;flf’” PACAP actions in various locations. Conversely, in diagnostic or
+55-14 radiotherapeutic indications where radiolabeled VIP/PACAP ana-
0 o1 1 10 100 py . logues can be used in very low peptide doses, a considerably lower
Paptides nM potential risk of side effects due to undesired peptide actions may be
Fig. 7. High affinity displacement of?3-PACAP by PACAP but not VIP in a expected. These latter indications may be an advantage when dealing
paraganglioma suggests the presence of P/Sdmatostatin (SS-14) is inactive. with the VIP/PACAP system.
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