


SS-Rautoradiography'@mRNA
in situ

hybridizationbâ€˜@I-[Tyr@J-â€˜@I-[LTF]

octreotideSS-28SSTR1SSTR2-

over, Northern analyses of selected brain areas and tumor specimens showed
that the oligonucleotides hybridized with the mRNA species whose sizes
corresponded to those reported for the human SSTR1 (10), SSTR2 (10), and
SSTR3 (11). In all types of tumors tested, the hybridization could be blocked
when a 20-fold excess of unlabeled oligonucleotide was included in the
hybridization solution, proving also the specificity ofthe signal obtained. This
last control was particularly important when considering the heterogeneity of
the tissue samples investigated. All experiments were done using one of the
two oligonucleotides as the hybridization probe for each mRNA under study.

The absorbance was measured in the autoradiograms over the tumor area
with a computer-assisted image-processing system, as described previously
(17). A tumor was considered positive (+) for the respective mRNA when the
absorbance measured in a normally hybridized section was at least twice that
in a parallel section in which hybridization was blocked with 20-fold excess of
the corresponding probe.

- Receptor Autoradiography. SS receptors were measured, as described previ

- ously (17), using receptor autoradiography. Frozen sections, adjacent to sections used

I forinsituhybridization,wereincubatedfor2hatroomtemperaturewitha
â€” tyrosine-3 analogue of the SS octapeptide octreotide or with the SS-28 analogue

- 1@I@j@J [L1TJ-SS-28. After the sections were washed, they were apposed to

- 3H-Ultrofilms (Cambridge Research@ Nussdorf, Germany) and exposed for 1 week in

I X-raycassettes(17).Thesetwodifferenttracerswereshownpreviouslytobeableto
- discriminatebetween SS-R subtypes(7-9, 17) incertaincancer& Nonspecific binding

was determined in parallel sections incubated with the same concentration of labeled
+ - + - peptide in the presence of 106 M of the corresponding trolabeled peptide.::@ :@ Theautoradiogramswerequantifiedusingacomputer-assistedimage-pro

+ + â€” + + cessing system, as previously described (17). Tissue standards for iodinated

+ + â€” + â€” compounds (Amersham Laboratories, Uttle Chalfont, England) were used for

+ + â€” + â€” this purpose. The tumors were divided into three grading categories: positive

(+), strongly positive (+ +), or negative (â€”), as described previously (17). A

tissue was defined as SS-R positive when the absorbance measured over an
area in the total binding section was at least twice the absorbance of the
nonspecific binding section (17).

RESULTS

ii AcomparisonoftheexpressionofmRNAforSSTR1,SSTR2,and
- SSTR3 with the binding data using two different radioligands, â€˜@I

â€” [Tyr@]-octreotide and 1@I-[LTT]-SS-28 is given in Table 1. In the: pituitarytumors(7GHandoneTSHadenomas)thepresenceofhigh
+ amounts of mRNA for SSTR2 was identified in all cases, whereas

@ mRNA for SSTR1 was not found. SSTR3 mRNA was detected in 3 of

+
+
+
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Table1 ComparisonofSS receptorcontent(measuredbyreceptorautoradiography)
and Â£5receptor tnRNA for SSTRI, SSTR2, and SSTR3 (measured by in situ

hybridization) in 55 primary human tumors

Patient code, tumor type

Pituitary tumors
i/NI, GH-adenoma
2/OR, GH-adenoma
3/AR, GH-adenoma
4/AS, GH-adenoma
5/BR, GH-adenoma
6/ME, GH-adenoma
7/BI, GH-adenoma
8/AL, TSH-adenoma

Meningiomas
1/HO, meningioma
21r0, meningioma
3/GU, meningioma
4/HO,meningioma
5/ES, meningioma
61FF, meningioma
7/AT, meningioma
8/06, meningioma
9/26, meningioma
10/05, meningioma

Neuroblastomas
i/CM16, neuroblastoma
2/62, neuroblastoma
3/65, neuroblastoma
4/72, neuroblastoma
5r17, neuroblastoma

6/70,neuroblastoma
GEPtumors

1110, carcinoid
2/LA, carcinoid
3/HI, carcinoid
4/FL, carcinoid
5/MO,carcinoid
6IFH, carcinoid
7TFA,carcinoid'@

A
B

8/WT, carcinoid
9/MK, carcinoid
bILE, carcinoid
11/NI@,ICC
12/MI, ICC
13/LE, ICC
14/AT,ICC
151fl@, ICC

Breast tumors
1/12, breast
2/48, breast
3/23, breast
4/68, breast
5119,breast
6/24, breast

Lymphomas
1/88, NHLC
2111,NHL
31n4, Hodgkin

Other tumors
1/84, MTC
2/59, MTC
31l'A, SCLC
4/BE, SCLC
5/A, ovarian
6/B, ovarian

- 7/BR,renalcell
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8 cases.In thecorrespondingbindingexperiments,thetworadio
â€” ligands used were similarly able to identify a high density of SS-R;

I 55-28andoctreotidebothshowedhigh-affinitybinding.Fig.1shows
â€” SSTR2 mRNA and octreotide-binding sites in one GH- and one

+ TSH-secreting pituitary adenoma. In all 10 meningiomas tested only

- SSTR2 mRNA was identified (Table 1). Fig. 2 shows an example of

+ - + a meningioma containing SSTR2 mRNA and high-affinity binding

I i:i N; sitesfor 1@I-[Tyr@]-octreotideandfor â€˜@I-[LU]-SS-28in thetumor
tissue exclusively. In GEP tumors, more diversity and variability in

+ - + the SS-R subtype pattern were found with all possible combinations

@ i;i I expressed(Table1).Asshownin Fig.3,oneisletcellcarcinomahad
â€” + â€” the mRNAs for all 3 subtypes; all 3 were expressed homogeneously in

+ â€” â€” the whole specimen, but SSTR2 mRNA was much more abundant

: :@i@ thantheothertwo.Theexpressionofall3subtypeswasalsofoundin
a second islet cell carcinoma and in one carcinoid (Table 1). As shown
in Fig. 4, another carcinoid had one tumor part expressing only
SSTR1 mRNA and another part expressing SSTR1 and SSTR2
mRNA5. Receptor autoradiographic experiments demonstrated 2 dif
ferent receptor subtypes discriminated by the 2 different SS-R radio
ligands, confirming the results previously published for this case (17).
Breast tumors, lymphomas, SCLCS, and neuroblastomas had an abun
dance of SSTR2 in the majority of the cases compared to the two other
subtypes. On the contrary, MTC and ovarian tumors had SSTR2
receptors less frequently. As shown in Fig. 5, the MTC 2/59 has only

a SS-R autoradiography was performed with two different radioligands: (â€˜@I-[Tyr@J

octreotide and â€˜@I.[LTfl-SS-28)on adjacent sections. Grading: +, positive; + +,
stronglypositive;â€”,negative(seeâ€œMaterialsandMethodsâ€•).

b Grading: +, positive; â€”, negative (see â€œMaterials and Methodsâ€•).

C@ not tested; NHL, non-Hodgkin lymphoma.

d Carcinoid 7TFA: A and B represent two different parts of the tumor tissue specimen,

as shown in Fig. 4.

thermal stability of the hybrids was close to the theoretical melting tempera
ture. The various oligonucleotide probes were shown to hybridize in normal
human tissue specimens known to express the different SS-R subtypes. More

3456

Research. 
on December 4, 2021. © 1994 American Association for Cancercancerres.aacrjournals.org Downloaded from 



SOMATOSTATIN RECEPTOR EXPRESSION IN PRIMARY HUMAN TUMORS

had a high density of â€˜@I-[Tyr@@-octreotideas well as @I-[LTf]-SS
28 binding sites but no detectable SSTR1, SSTR2, or SSTR3 mRNAs.

DISCUSSION

This study shows for the first time the presence of mRNA for three
SS-R subtypes, SSTR1, SSTR2, and SSTR3, in primary human tu
mors, revealed by in situ hybridization histochemistry. Human tumors
have, therefore, the potential to express all three SS-R subtypes.
However, each individual tumor only rarely expresses the three types
simultaneously. The mRNA most frequently and most abundantly
expressed in these tumor specimens is that for the SSTR2 subtype
since it was found in all pituitary adenomas, meningiomas, neuroblas
tomas, breast tumors, and SCLCs as well as in a majority of GEP
tumors and lymphomas. The mRNAs for SSTR1 and for SSTR3 in
general were found less frequently: they were most regularly found in
GEP tumors, MTC, and ovarian cancers. In the majority of cases, the
mRNA for the SS-R subtypes was homogeneously distributed in the
whole tumor tissue, suggesting that most tumor cells are expressing
the receptor, an observation also confirmed with the present autora
diography experiments. Except in one carcinoid case, in which SSTR1
and SSTR2 mRNA were clearly localized in different tumor regions,
it was not possible to evaluate whether the different subtypes, when
simultaneously expressed in a single tumor, are localized on the same
tumor cells.

An important aspect of this study is the comparison of the expres
sion of the different mRNAs with the receptor detection using in vitro
binding data with â€˜@I-[Tyr@]-octreotideand â€œ@I-[L1T]-SS-28in au
toradiographic studies on adjacent sections. The study clearly dem
onstrates that all tumors expressing the mRNA for the SSTR2 receptor
subtype have a high affinity for octreotide and can be labeled with the
octapeptide 1@I-[Tyr@]-octreotide. Conversely, the four tumors tested
in the present study, which were shown to express only receptors of
the SSTR1 subtype and not of the SSTR2 subtype were found to bind
â€˜@I-[LT1]-SS-28or @I-[Tyr@J-SS-14but not labeled octreotide.

B

@:c?. ..@ I
-.â€” â€œ*@o 4

SSTR1 mRNA

D @..

. .@@

SSTR3 mRNA

Fig. 3. SSTR1, SSTR2, and SSTR3 receptor subtypes in an islet cell carcinoma. A,
hematoxylin-eosin-stained section. Bar, 1 mm. B, autoradiograin showing low to moder
ate amounts of SSTR1 mRNA in the tumor. C, autoradiogram showing high amounts of
SSTR2 mRNA in the tumor. D, autoradiogram showing low amounts of SSTR3 mRNA
in the tumor. E, autoradiogram showing total binding of â€˜@â€˜I-[Tyr@J-octreotidein the
tumortissue.Nonspecificbinding(in presenceof 106 Moctreotide)wasnegligible.

,- K

SS-28--R SS-28-R

Fig.1.SSTR2somatostatinreceptorsubtypein a GH-producingpituitaryadenoma(A
andB) andin a TSH-producingpituitaryadenoma(C andD).A andC, autoradiograms
showing high amounts of SSTR2 mRNA in the tumors. B and D, autoradiograms showing
total binding of lasI@[L1T]@SS.28in adjacent sections of the tumor tissue. Nonspecific
binding (in presence of 106 M 88-28) was negligible. Bar, 1 mm.

SSTR2 mRNA

OCT- R

Fig. 2. SSTR2 somatostatin receptor subtype in a meningioma. A, hematoxylin-eosin
stained section. Bar, 1 mm. B, autoradiogram showing high amounts of SSTR2 mRNA.
C, autoradiogram showing total binding of 1@'I-fl'yr@@-octreotidein adjacent sections of
thetumortissue.D, autoradiogramshowingtotalbindingof 1asI@[LTFJ@SS@28inadjacent
sections of the tumor tissue. Receptors are located in the tumor but not in the connective
tissue.

SSTR1 receptors which can be detected only with â€˜1'I-[LU]-SS-28
but not with â€˜@I-[Tyr@]-octreotide.

All tumors expressing SSTR2 mRNA had SS-R identified by
binding experiments with â€˜@I-[Tyr@]-octreotideand â€˜@â€˜I-[L'IT]-SS
28 and were shown to have high affinity for octreotide and 55-28.

Those four tumors expressing only SSTR1 mRNA, however, had
SS-R identified with â€˜@I-[LTfl-SS-28, but not with 1@I-[Tyr@]-
octreotide; they showed high affinity for SS-28 but low affinity for
octreotide. Those 3 cases with SSTR1 and SSTR3 mRNAs but no
SSTR2 mRNA were all found to have 1@I-[LU]-SS-28 and â€˜@I
[Tyr@@-octreotidebinding, as shown in Fig. 6 in the example of an
insulin-secreting ICC. This suggests that octreotide binding may also
identify to some extent the SSTR3 receptor subtype. However, the
ovarian carcinomas 6/B, the only tumor having only SSTR3 receptor
expression, only bound â€˜@â€˜I-[LTfl-SS-28.

Additional exceptions were the carcinoids 8/WT and 1OILE, which

B

â€¢:@,

SS-28-R

E
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good correlation between SS-R binding using receptor autoradiogra
phy and mRNA detection using in situ hybridization histochemistry
(17). Interestingly, the three tumors expressing SSTR1 and SSTR3
only, one ICC, one MTC, and one lymphoma, were shown to have a
strong 1@I-[LTT}-SS-28 binding and also a significant 1@'I-[Tyr@J-
octreotide binding. Since tumors with SSTR1 alone have no affinity
for octreotide, it is likely that the SSTR3 component is responsible for
the â€˜@I-[Tyr@1-octreotidebinding. This may be explained by the fact
that octreotide still has some affinity to SSTR3 stably expressed in
various cell types, with the concentration producing 50% inhibition
varying depending on the study considered (11, 25â€”27),between 3

A

A

.: P:.'.@ . D

s...:.@ . .@
â€˜@ .. :@ 1, â€@̃-

.â€˜@ ;@ .--,-@@ . OCT-R

B

C

SS-28-R

D

Fig. 5. SSTR1 somatostatin receptor subtype in medullary thyroid carcinoma. A,
hematoxylin-eosin-stained section. Bar, 1 mm. B, autoradiogram showing high amounts
of SSTR1 mRNA@C, autoradiogrsm showing the absence of IasI.[Tyr@]@octreofidebind
ing in an adjacent section of the tumor tissue. D, autoradiogram showing total binding of
lasl.[LTr].SS@28 revealing the high density of receptors in this adjacent section of the
tumor. Notice that SSTR1 mRNA but not SSTR2 or SSTR3 mRNAs were identified. This
is reflected by a high binding of SS-28 ligands but no binding of octreotide radioligands.

E

â€” B

OCT- R

Fig. 4. Nonhomogeneous distribution of SSTR1 and SSTR2 mRNAs in a carcinoid:
correlation with binding of â€˜@I-[LT1'1-SS-28(SS-28-R) and of 1asI.[Tyr@@.octreotide.
A, hematoxylin-eosin-stained section showing a histologically homogeneous tumor.
Arrowheads, tumor parts biologically different from the rest. Bar, 1 mm. B,
Autoradiogram showing SSTR1 mRNA. Arrowheads, tumor parts having a high
hybridization signal, whereas the rest of the tumor has only a moderate mRNA level.
C, autoradiogram showing total binding of 1asI.[LTFj.SS@28 showing high density of
labeling in the whole tumor. Nonspecific binding was negligible. D, autoradiogram
showing SSTR2 mRNA. Arrowheads, absence of SSTR2 mRNA (moderately present
in the rest of the tumor). E, autoradiogram showing total binding of lasI@fl@yr@@.
octreotide. Nonspecific binding is negligible. Arrowheads, parts with no binding,
whereas the rest of the tumor has a high receptor density. This tumor, therefore, has
two biologically distinguishable parts: one expressing SSTR1 only (arrowheads) and
one expressing SSTR1 and SSTR2. â€˜@I-[Tyr'J-octreotideidentifies SSTR2 but not
SSTR1 sites. SSTR3 mRNA was not detected in this tumor.

SSTR1 mRNA

D

i'. .#4;

,:@@

\OCT R

Therefore, @I-[Tyr']-octreotidein binding experiments may select,
among the SSTR1 and SSTR2 subtypes, the tumors expressing
SSTR2 receptors. These SSTR2 receptors are likely to be identical
(24) with an SS-R subtype, named 55-1 receptor in earlier pharma
cological reports and found to have a high affinity not only for 55-14
and 55-28 but also for small synthetic 55 analogues such as octreotide
or MK 678 (4â€”6).The carcinoid case having two tumor regions, one
region expressing the two SS-R subtypes SSTR1 and SSTR2 and the
other region expressing SSTR1 only, is an outstanding example of the

Fig. 6. SSTR1 and SSTR3 receptor subtypes in an insulinoma. A, hematoxylin-cosin
stained section. Arrowheads, tumor tissue. Bar, 1 mm. B, autoradiogram showing SSTR1
mB.NA. C, sutoradiogram showing SSTR3 mRNA. D, autoradiogram showing total
binding of IasI.[Tyr@].octreofide.E, Autoradiogram showing total binding of lasI.[LTfl.
88-28.
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and 35 nM. The lack of octreotide binding in the only tumor having
only SSTR3 mRNA, an ovarian tumor, may be due to the relatively
low density of these receptors.

The carcinoids 8/Wi' and 1OILE, which have a high density of
â€˜@I-[Tyr@]-octreotidereceptors but no SSTR1, SSTR2, or SSTR3
mRNAs, may be tumor specimens expressing a further SS-R subtype,
either not yet discovered or possibly related to the rat SS receptor
subtype identified by O'Carroll et aL (28), having also a high affinity
for octreotide (rSSTR5).

This study is not meant to give information about the exact mci
dence of the mRNAs for SS-R in the various types of primary human
tumors; indeed, a selection of tumors identified as strongly SS-R
positive in binding experiments was chosen for the present purpose.
The study, however, demonstrates for the first time that human tumors
shown previously to have binding sites for SS also have the corre
sponding mRNA5: this is the case for pituitary adenomas (14), men
ingiomas (22), GEP tumors (17), neuroblastomas (20), breast tumors
(19), lymphomas (29), and SCLCs (18), most often characterized by
having the SSTR2 subtype. Furthermore, the study confirms other
binding data suggesting that selected tumors, such as MTC (8),
ovarian cancers (9), or several GEP tumors (15, 17), are characterized
by receptor subtypes other than SSTR2, also previously known as
55-1. We do not know to what extent the in situ hybridization
histochemistry technique presently used would be sensitive enough to
detect mRNAs in tumors with a low density of SS-R measured with
binding methods. Neither can we exclude that a very low abundant
mRNA for one of the subtypes would have remained undetected with
this technique.

The exact function mediated by the 3 SS-R subtypes is not yet
clearly established. Interestingly, a preliminary study has suggested
that the SSTR2 subtype may be responsible for the antiproliferative
effects of 55 analogues (30). The fact that a majority of human
primary tumors as well as tumor cell lines (31) express this particular
receptor type is promising for the therapeutic potential of SS ana
logues in such tumors. Also of importance is the fact that these SSTR2
receptors have a high affinity for small, stable 55 analogues, such as
octreotide or lantreotide, used worldwide for the treatment of acro
megaly and GEP tumors by inhibition of hormone release.

ACKNOWLEDGMENTS

We thankU. HorisbergerandU. Laderachforexcellenttechnicalassistance.
Some of the tumors used in this study and investigated previously for other
purposes were kindly provided by Dr. A. Landolt, Dr. R. Seiler, Dr. J. Foekens,
Dr. L Kvols, Dr. C. Moertel, Dr. W. HÃ¤cki,Dr. V. Macaulay, Dr. S. W. J.
Lamberts, and Dr. J. Laissue.

REFERENCES

1. Reubi, J. C., Krenning, E., Lamberts, S. W. J., and Kvols, L. In vitro detection of
somatostatin receptors in human tumors. Metabolism, 41 (Suppl. 2): 104â€”110, 1992.

2. Laniberts, S. W. J., Krenning, E. P., and Reubi, 3. C. The role of somatostatin and its
analogs in the diagnosis and treatment of tumors. Endocr. Rev., 12: 450-482, 1991.

3. Srkalovic, G., Cat, R. Z., and Schally, A. V. Evaluation of receptors for somatostatin
in varioustumorsusingdifferentanalogs.J. Gin. Endocrinol.Metab.,70:661-669,
1990.

4. Reubi, J. C. Evidence for two somatostatin-14 receptor types in rat brain cortex.
Neurosci. I.ett., 49: 259-263, 1984.

5. Tran, V. T., Beal, M. F., and Martin, J. B. Two types of somatostatin receptors
differentiated by cyclic somatostatin analogs. Science (Washington DC), 228:
492â€”495,1985.

6. Raynor, K., and Reisine, T. Analogs of somatostatin selectively label distinct sub
types of somatostatin receptors in rat brain. J. Pharmacol. Exp. Ther., 251: 510â€”517,
1989.

7. Reubi, J. C. Somatostatin receptor subtypes in human tumors. Metabolism, 41 (Suppl.
2): 13, 1992.

8. Reubi, J. C., Chayvialle, J. A., Franc, B., Cohen, R., Calmettes, S., and Modigliani,
E. Somatostatin receptors and somatostatin content in medullary thyroid carcinomas.
Lab. Invest., 64: 567â€”573,1991.

9. Reubi, J. C., Horisberger, U., Klijn, J. G. M., and Foekens, J. A. Somatostatin
receptors in differentiated ovarian tumors. Am. J. Pathol., /38: 1267â€”1272,1991.

10. Yamada, Y., Post, S., Wang, K., Tager, H., Bell, 0., and Seino, S. Cloning and
functional characterization of a family of human and mouse somatostatin receptors
expressed in brain, gastrointestinal tract and kidney. Proc. Natl. Acad. Sd. USA, 89:
251â€”255,1992.

11. Yamada, Y., Reisine, T., Law, S. F., Ihara, Y., Kubota, A., Kagimoto, S., Seino, M.,
Seino, Y., Bell, G. I., and Scino, S. Somatostatin receptors, an expanding gene family:
cloning and functional characterization of human SSTR3, a protein coupled to
adenylyl cyclase. Mol. Endocrinol., 6: 2136â€”2142,1992.

12. Yamada, Y., Kagimoto, S., Kubota, A., Yasuda, K., Masuda, K., Someya, Y., Ihara,
Y., Li, 0., Imura, H., Seino, S., and Seino, Y. Cloning, functional expression and
pharmacological characterization of a fourth (hSSTR4) and a fifth (hSSTR5) human
somatostatin receptor subtype. Biochem. Biophys. Res. Commun., 195: 844â€”852,
1993.

13. Rohrer, L., Raulf, F., Bruns, C., Buettner, R., Hofstaedter, F., and Schllle, R. Cloning
and characterization of a fourth human somatostatin receptor. Proc. NatI. Acad. Sci.
USA, 90: 4196-4200, 1993.

14. Reubi, J. C., Heitz, P. U., and Landolt, A. M. Visualization of somatostatin receptors
and correlation with immunoreactive growth hormone and prolactin in human pitu
italy adenomas: evidence for different tumor subclasses. J. Clin. Endocrinol. Metab.,
65: 65â€”73,1987.

15. Reubi, J. C., HScki, W. H., and Lamberts, S. W. J. Hormone-producing gastrointes

tinal tumors contain a high density of somatostatin receptors. J. Clin. Endocrinol.
Metab., 65: 1127â€”1134,1987.

16. Haldemann, A. R., Reubi, J. C., Geiger, L, Seiler, R., Barth, A., Godoy, N., Wiser,
B., SchSr, J. C., Berthold. T., Sulzer, M., and RosIer, H. Blood brain barrier (BBB)
must be disrupted in CNS tumours in order to visualize somatostatin receptor (SSR)
positive tumours with 111-In-octreotide (Abstract 115). Eur. J. NucI. Med., 20: 847,
1993.

17. Reubi, 1. C., Kvols, L. K., Waser, B., Nagorney, D. M., Heitz, P. U., Charboneau,
J. w., Reading, C. C., and Moertel, C. Detection of somatostatin receptors in surgical
and percutaneous needle biopsy samples of carcinoids and islet cell carcinomas.
Cancer Res., 50: 5969â€”5977,1990.

18. Reubi, 3. C., Waser, B., Sheppard, M., and Macaulay, V. Somatostatin receptors are
present in small-cell but not in non-small-cell primary lung carcinomas: relationship
to EGF-receptors. Int. .1.Cancer, 45: 269â€”274,1990.

19. Reubi, J. C., Wiser, B., Foekens, J. A., Klijn, J. G. M., Lamberts, S. W. J., and
Laissue, J. Somatostatin receptor incidence and distribution in breast cancer using
receptor autoradiography: relationship to EGF receptors. tnt. J. Cancer, 46: 416â€”420,
1990.

20. Moertel, C. L, Reubi, J. C., Scheithauer, B., Schaid, D. J., and Kvols, L. K.
Expression of somatostatin receptors in childhood neuroblastoma. Am. J. Clin.
Pathol., in press, 1994.

21. Mengod, G., Rigo, M., Savasta, M., Probst, A., and Palacios, .1. M. Regional
distribution of neuropeptide somatostatin gene expression in the human brain. Syn
apse, 12: 62â€”74,1992.

22. Reubi, J. C., Mengod, G., Palacios, 3. M., Horisberger, U., Hackeng, W. H. L, and
Lamberts, S. w. i. Lack of evidence for autocrine feedback regulation by somatosta
tin in somatostatin receptor containing meningiomas. Cell Growth Differ., 1:
299â€”303,1990.

23. Reubi, J. C., Waser, B., Lamberts, S. W. J., and Mengod, G. Somatostatin (SRIH)
messenger ribonucleic acid expression in human neuroendocrine and brain tumors
using in situ hybridization histochemistry: comparison with SRIH receptor content.
J. Gin. Endocrinol. Metab., 76: 642â€”647,1993.

24. Schoeffier, P., Langenegger, D., Kaupmann, K., Lubbert, H., Reubi, J. C., Bruns, C.,
and Hoyer, D. Somatostatin SS-1 and SS-2 sites correspond to SSTR-2 and SSTR-l
receptors, respectively. In: Verhandlungen der Deutschen Gesellschaft fÃ¼rPharma
kologie,Mains,Germany,1994.

25. Raynor, K., Murphy, W. A., Coy, D. H., Taylor, J. E., Moreau, J. P., Yasuda, K., Bell,
G. I., and Reisine, T. Cloned somatostatin receptors: identification of subtype
selective peptides and demonstration of high affinity binding of linear peptides. Mol.
Pharmacol., 43: 838â€”844,1993.

26. Corness, J. D., Demchyshyn, L L, Seeman, P., Van Tol, H. H. M., Snkant, C. B.,
Kent, G., Patel, Y. C., and NiZnik, H. B. A human somatostatin receptor (SSTR3),
located on chromosome 22, displays preferential affinity for somatostatin-14 like
peptides. Fed. Eur. Biochem. Soc., 321: 279â€”284,1993.

27. Hoyer, D., LObbert, H., and Bruns, C. Molecular pharmacology of somatostatin
receptor subtypes. Crit. Rev. Pharmacol., in press, 1994.

28. O'Carroll, A. M., Lolait, S. J., Konig, M., and Mahan, L. C. Molecular cloning and
expression of a pituitary somatostatin receptor with preferential affinity for soma
tostatin-28. Mol. Pttarmacol., 42: 939â€”948,1992.

29. Reubi, J. C., Wiser, B., van Hagen, M., Lamberts, S. W. .1.,Krenning, E. P., Gebbers,
J. 0., and Laissue, J. A. In vitro and in viva detection of somatostatin receptors in
human malignant lymphomas. Int. 3. Cancer, 50: 895â€”900,1992.

30. Buscail, L, Esteve, J. P., Pests, H., Bayard, F., Bell, G. I., Vaysse, N., and Susini, C.
Human somatostatin receptor hSS'l'R2 may mediate the antiproliferative effect of
octreotide. Gastroenterology, 104: A816, 1993.

31. Eden, P. A., and Taylor, J. E. Somatostatin receptor subtype gene expression in
human and rodent tumors. Life Sci., 53: 85â€”90,1993.

3459

Research. 
on December 4, 2021. © 1994 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


1994;54:3455-3459. Cancer Res 
  
J. C. Reubi, J. C. Schaer, B. Waser, et al. 
  

 Hybridizationin Situusing 
SSTR2, and SSTR3 Messenger RNAs in Primary Human Tumors 
Expression and Localization of Somatostatin Receptor SSTR1,

  
Updated version

  
 http://cancerres.aacrjournals.org/content/54/13/3455

Access the most recent version of this article at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cancerres.aacrjournals.org/content/54/13/3455
To request permission to re-use all or part of this article, use this link

Research. 
on December 4, 2021. © 1994 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/content/54/13/3455
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/54/13/3455
http://cancerres.aacrjournals.org/



