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Oncogene and Growth Factor Expression in MEN 2 and Related

Tumors

Jeffrey F. Moley,” Goran K. Wallin,” Michele B. Brother,” Michael Kim," Samuel A.

Wells, Jr,” and Garrett M. Brodeur®

Pheochromocytomas occur sporadically or in individuals affected by inherited syndromes including
multiple endocrine neoplasia (MEN) type 2A and 2B, neurofibromatosis, and the von Hippel-Lindau
syndrome (vHL). Medullary thyroid carcinomas (MTCs) also occur sporadically or as part of MEN
2A, MEN 2B, and familial MTC. Little is known of the molecular genetic background of these tumors.
We have shown previously that activation of the N-ras, H-ras, and K-ras oncogenes does not occur in
these tumors, but that deletions of the short arm of chromosome I are extremely common (> 60%) and
may indicate loss of a suppressor gene in the chromosomal region Ip31-36. We have examined the
structure and expression of N-myc, c-myc, L-myc, c-mos, nerve growth factor (B-NGF ), and the low
affinity nerve growth factor receptor (LNGFR) in a series of pheochromocytomas and MTCs from
patients with hereditary and sporadic diseases. Southern analysis, using radiolabeled DNA probes,
revealed no evidence of amplification or rearrangement of these genes in any normal or tumor tissues
except for loss of heterozygosity at the L-myc locus (1p32) in 9 pheochromocytomas from patients
with MEN 2A or MEN 2B, in 5 of 11 non-MEN pheochromocytomas, and in 3 of 24 non-MEN MTCs.
Gene expression at the RNA level was examined by Northern analysis or ribonuclease protection
assay (RPA) using radiolabeled DNA or ¢cRNA probes. C-myc transcripts were detectable at low
levels in all tumors tested. L-myc and c-mos transcripts were not detectable in any tumor, and N-myc
transcripts were detectable at low levels in all tumors by Northern analysis or RPA. LNGFR tran-
scripts were not detectable in four tumors (two vHL pheochromocytomas, two sporadic pheochromo-
cytomas), but were present at low levels in all other tumors. High levels of gene transcripts, or
abnormally sized transcripts, were not seen in any tumor. Deletion of chromosome 1p remains the
most consistent and significant molecular genetic abnormality yet identified in these tumors. (Henry

Ford Hosp Med J 1992;40:284-8)

M edullary thyroid carcinomas (MTCs) and pheochromocy-
tomas can occur sporadically or in patients with certain
familial predisposition syndromes. In multiple endocrine neo-
plasia (MEN) type 2A and type 2B, patients inherit a suscepti-
bility to the development of MTCs and pheochromocytomas.
Familial MTC (FMTC) is another type of MTC which is inher-
ited as an autosomal dominant trait in which patients develop
MTCs only. Pheochromocytomas also occur in patients with
von Hippel-Lindau (vHL) syndrome and neurofibromatosis
type 1. Genetic linkage studies have mapped the predisposing
gene in MEN 2A, MEN 2B, and FMTC to the pericentromeric
region of chromosome 10 (1-6); however, the predisposing
gene(s) has not yet been identified.

The molecular genetic events underlying tumor formation in
MEN 2A and MEN 2B are not understood. Unlike hereditary
retinoblastoma, deletion or loss of heterozygosity (LOH) in the
region of the predisposing locus is found rarely in pheochro-
mocytomas and MTCs from these patients (7-9). It is possible
that malignant transformation in the MEN 2 syndromes is
caused by other mechanisms, such as oncogene activation and/
or the inactivation of a tumor suppressor gene at a different chro-
mosomal locus. We and others have reported chromosome 1
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LOH in pheochromocytomas and MTCs from patients with
MEN 2A and MEN 2B (10-14), and it is possible that this region
harbors a tumor suppressor gene whose inactivation is impor-
tant in tumorigenesis. Evidence of oncogene activation in these
tumors has not been found as yet. We examined ras gene se-
quences in sporadic and hereditary MTCs and pheochromocyto-
mas and found no mutations or deletions (10,15). In this report,
we examine the oncogenes N-myc, c-myc, L-myc, and C-mos,
nerve growth factor (3-NGF), and the low affinity nerve growth
factor receptor (LNGFR) in MTCs and pheochromocytomas. N-
myc, c-myc, and L-myc were examined because they frequently
are amplified or overexpressed in other tumors of neural crest
origin (16-18). C-mos was examined because transgenic mice
which express the c-mos gene develop pheochromocytomas and
MTCs (19). LNGFR was examined because it is involved in the
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differentiation of a rat pheochromocytoma cell line, and because
abnormalities of this receptor have been noted at the DNA,
RNA, and protein levels in a closely related neural crest-derived
tumor, neuroblastoma (20,21).

Materials and Methods

Tumors and constitutional tissue were obtained at the time of
diagnostic or therapeutic surgery. Tumor specimens were fro-
zen immediately in liquid nitrogen and subsequently thawed
only for preparation of DNA and RNA. These studies have been
approved by an institutional human studies committee.

DNA studies

We examined normal and tumor DNA from 18 patients with
pheochromocytomas (7 MEN 2A, 2 MEN 2B, 7 sporadic, 2
vHL) and 27 patients with MTCs (14 MEN 2A, 7 MEN 2B, 6
sporadic) for abnormalities of the N-myc, c-myc, and L-myc
genes. We examined normal and tumor DNA from 11 patients
with pheochromocytomas (5 MEN 2A, 1 MEN 2B, 5 sporadic)
for abnormalities of the B-NGF gene. The LNGFR gene was ex-
amined in normal and tumor DNA from 13 patients with pheo-
chromocytomas (7 MEN 2A, 4 sporadic, 2 vHL), and 10 pa-
tients with MTCs (6 MEN 2A, 2 MEN 2B, 2 sporadic). The c-
mos gene was examined in normal and tumor DNA from 12 pa-
tients with pheochromocytomas (6 MEN 2A, 4 sporadic, 2
vHL), and five patients with MTCs (3 MEN 2A, 1 MEN 2B, 1
sporadic). DNA was prepared from tumors by standard deter-
gent proteinase K lysis followed by organic extraction and ex-
tensive dialysis. Following appropriate digestion, electro-
phoresis, and Southern transfer (22), filters were hybridized
with plasmid probes or purified plasmid DNA inserts labeled by
the nick translation (23) or random hexamer primer (24) tech-
nique. For N-myc, c-myc, and L-myc, the DNA was digested
with Eco R1; for B-NGF, the DNA was digested with Bgl II;
and for c-mos, the DNA was digested with Bam H1.

RNA studies

We examined the proto-oncogenes N-myc, c-myc, L-myc, and
c-mos, and the LNGFR at the RNA level in pheochromocyto-
mas and MTCs. N-myc expression was examined in 10 pheo-
chromocytomas (3 MEN 2A, 1 MEN 2B, 4 sporadic, 2 vHL) and
two MTCs (1 MEN 2B and 1 sporadic). C-myc expression was
examined in four pheochromocytomas (2 MEN 2A, 2 sporadic,
and 2 MTCs [1 MEN 2B and 1 sporadic]). L-myc expression
was examined in 10 pheochromocytomas (3 MEN 2A, | MEN
2B, 4 sporadic, and 2 vHL) and one MTC (MEN 2B). C-mos ex-
pression was examined in nine pheochromocytomas (2 MEN
2A, 1 MEN 2B, 4 sporadic, and 2 vHL). LNGFR expression was
examined in 13 pheochromocytomas (3 MEN 2A, 2 MEN 2B, 6
sporadic, 2 vHL) and one MTC (MEN 2B). Total RNA prepara-
tion was done by the method of Chomzynski and Sacchi (25).
The size and amount of mRNA for N-myc, c-myc, L-myc, c-
mos, and LNGFR were analyzed by Northern analysis of total
cellular RNA. Thirty micrograms of RNA were denatured and
electrophoresed on a formaldehyde-containing 0.8% agarose
gel. The RNA was transferred to nitrocellulose filters in 10X
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SSC, and filters were then baked at 80 °C. Filters were prehy-
bridized for several hours and then hybridized with purified
plasmid DNA inserts labeled by the random hexamer primer
technique (24). Filters were then washed and exposed to film for
one to three days.

Probes

For N-myc DNA and RNA studies, we used a full-length N-
myc cDNA which is subcloned into the plasmid vector,
Bluescript (Stratagene, San Diego, CA) (26). For c-myc, we
used a cDNA clone which was obtained from Dr. R. Eisenman
(27). A genomic L-myc clone was obtained from Dr. J. Minna
(28). For c-mos, we used a plasmid clone from Dr. G. Vande
Woude which contains the entire coding sequence (the gene has
asingle 1.4 kb reading frame) (29). A full-length cDNA clone of
LNGF was obtained from Dr. M. Chao (30). The 3-NGF probe
was obtained from Dr. A. Ullrich (31). Controls using a -actin
probe (32) were performed to demonstrate that expected
amounts of undergraded RNA were transferred to the filters.

Ribonuclease protection assays

Ribonuclease protection assays (RPAs) were done to look for
low-level expression of N-myc and c-mos. In these assays, por-
tions of the N-myc and c-mos cDNAs were subcloned into
Bluescript (Strategene, San Diego, CA), a plasmid vector which
contains T3 and T7 RNA polymerase promoters flanking the re-
striction site polylinker, into which the cDNA fragments were
subcloned. Antisense cRNA fragments of specific size (200 to
300 base pairs) were then generated, incorporating 32P UTP la-
bel. These fragments were mixed with the test DNA, and the so-
lution was then treated with RNase to digest any single stranded
fragments. Aliquots were electrophoresed on denaturing acryl-
amide gels, which were then exposed to film.

Results

DNA studies

There was no evidence of deletion, amplification, or rear-
rangement of the N-myc, c-myc, L-myc, c-mos, B-NGF, or
LNGEFR genes in any tumor studied. For these probes, all tumors
demonstrated the expected normal band pattern and intensity.
However, LOH at the L-myc locus (1p32) (33) was identified in
9 pheochromocytomas in MEN 2A and MEN 2B patients, com-
pared to only 2 of 7 sporadic pheochromocytomas. We also
found L-myc LOH in 1 of 2 vHL pheochromocytomas. L-myc
LOH was noted in 3 of 24 informative MTCs from patients with
MEN 2A. LOH on chromosome 1p has been reported by us pre-
viously (10,11). The B-NGF locus also maps to the short arm of
chromosome 1; however, none of the 11 individuals studied
were informative, using two different probe-enzyme combina-
tions previously reported to have a high percentage of informa-
tiveness (34).

RNA studies

Using Northern analysis, N-myc transcripts were detected in
6 of 10 pheochromocytomas (4 sporadic, 2 vHL) (Fig 1). These
transcripts were of expected size. Transcripts (Fig 1) were not
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Fig I—Northern analysis of tumor RNA. Autoradiogram of a
nitrocellulose filter containing total cellular RNA from cell
lines and tumor RNA, probed with radiolabeled N-myc ¢cDNA
probe (top), L-myc probe (second from top), c-mos probe (third
from top), and B-actin probe (bottom). For description of
probes, see text. KCN: neuroblastoma cell line which amplified
and overexpresses N-myc; NSH : neuroblastoma cell line which
does not amplify N-myc. 2-16: representative pheochromocy-
tomaRNAs. 2, 3,5, 13: sporadic tumors. 10: MEN 2A tumor. 15,
16: von Hippel-Lindau tumors. Normal-sized N-myc tran-
scripts are present in tumors 2, 3, and 5. No transcripts are seen
for N-myc in other tumor RNAs, and no expression was detected
Sfor c-mos or L-myc in any tumor.

seen in one MEN 2B and three MEN 2A tumors. Using the ribo-
nuclease protection assay, low levels of transcription of N-myc
were found to be present in all pheochromocytomas and MTCs
tested (Fig 2) including an MEN 2A pheochromocytoma (case
8) in which Northern analysis did not show expression. N-myc
expression was detected in two MTCs tested by ribonuclease
protection assay (one MEN 2B, one sporadic). C-myc expres-
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Fig 2—Ribonuclease protection assay for N-myc expression.
Total cellular RNA was incubated with radiolabeled N-myc an-
tisense cRNA probe of defined length. Single-stranded RNA was
then digested with RNase, and the remaining protected double-
stranded fragments electrophoresed on a denaturing 6% acryl-
amide gel, which was then exposed for 1 hour. Arrow: location
of protected fragment, which is present in all tumor and cell line
lanes. KCN: neuroblastoma cell line which overexpresses N-
myc. NSH: neuroblastoma cell line which does not amplify N-
myc. PH2, 3, and 5: sporadic pheochromocytomas. PHS8: MEN
2A pheochromocytoma. TH4: sporadic MTC. TH5: MEN 2B
MTC.

sion was detected by Northern analysis in all six tumors tested,
though at very low levels (data not shown). L-myc and c-mos
transcripts were not detectable in any tumor by Northern analy-
sis (Fig 1). Ribonuclease protection assay also failed to detect
any expression of c-mos in two tumors tested. LNGFR tran-
scripts were not detectable in five tumors (1 MEN 2A, 2 MEN
2B, 2 sporadic pheochromocytomas), but were present in all
other tumors (Fig 3). High levels of gene transcripts were not
seen in any tumor (Fig 3).

Discussion
Because the predisposition gene for the MEN 2 syndromes in
the pericentromeric region of chromosome 10 has not been
cloned and characterized as yet, it is not possible to completely
rule out the possibility that inactivation of the normal inherited
allele results in tumor formation in these patients. However, re-
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cent reports have noted allelic loss on chromosome 10 in tumors
of only 4 of 86 informative cases (7-9). This contrasts with the
situation in hereditary retinoblastoma in which tumors that oc-
cur in predisposed individuals achieve homozygosity for a de-
fective RB-1 allele in the majority of cases (35,36). It is possible
that malignant transformation in the MEN 2 syndromes is
caused by other mechanisms, such as oncogene activation or the
inactivation of a tumor suppressor gene at a different chromoso-
mal locus.

The data presented here add to the growing body of informa-
tion regarding the molecular biology of pheochromocytomas
and MTCs. We (15) and others (9) previously reported that ras
gene mutations do not occur in these tumors. Overexpression of
the proto-oncogene N-myc has been reported in 6 of 21 MTCs
analyzed by in situ hybridization (37), and a recent study dem-
onstrated expression (without gene amplification or rearrange-
ment) of c-myc and c-fos in six pheochromocytomas, suggesting
that these cells are in a state of growth stimulation (38). In this
study, we evaluated the possible role of the N-myc, c-myc, L-
myc, and ¢-mos genes in the development of these tumors and
have found no evidence that their activation plays a role. At
present, there is little evidence that oncogene activation plays a
role in the development of these tumors. This contrasts with
other related tumors of neural crest origin, such as neuroblas-
toma or melanoma, in which activation of specific oncogenes is
seen with substantial frequency (15,39,40).

The pattern of hyperplasia of selected target organs preceding
the development of overt neoplasia in the MEN 2 syndromes
suggests that abnormal regulation of growth and differentiation
may be important in the growth and development of these tu-
mors. The NGFR pathway is required for the survival of sympa-
thetic and sensory neurons and is known to cause differentiation
of the rat pheochromocytoma cell line PC12 into cells resem-
bling sympathetic neurons (41-43). There is evidence that the
NGFR pathway is critically important to the development and
differentiation of normal chromaffin cells, the cell of origin of
pheochromocytomas. Multiple defects in the NGFR pathway
have been described in neuroblastoma (21), a tumor which is
embryologically related to pheochromocytoma. In this report,
we found no abnormalities of the f-NGF or LNGFR genes at the
DNA level, and we found absence of detectable expression of
LNGFR in the majority of pheochromocytomas tested. No evi-
dence of abnormal expression, such as abnormal transcript size,
was noted; however, it is possible that the lack of expression of
this receptor may contribute to the maintenance of the undiffer-
entiated state in pheochromocytomas and MTCs.

We have reported that deletion of the short arm of chromo-
some 1 occurs in all pheochromocytomas from patients with
MEN 2A and MEN 2B and in a substantial number of sporadic
tumors and MTCs (10,11). This is the most consistent abnor-
mality so far described in tumors from patients with MEN 2A
and MEN 2B. The consistent finding of this deletion suggests
the presence of a tumor suppressor gene in this region. Deletion
of this gene may be the second “hit,” which results in the devel-
opment of pheochromocytomas in patients with MEN 2A and
MEN 2B, and may also contribute to the development of MTCs
in MEN 2A and of sporadic pheochromocytomas and MTCs.
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Fig 3—Northern analysis of LNGFR expression. Autoradio-
gram of nitrocellulose filter containing total cellular RNA from
pheochromocytoma RNA probed with radiolabeled LNGFR c-
DNA probe (top) and radiolabeled B-actin probe (bottom). Tu-
mors 1,8, and 10: MEN 2A pheochromocytomas. Tumors 2,3,
5, 13A, and 13B: sporadic pheochromocytomas. Tumors 11A,
11B: MEN 2B pheochromocytomas (A and B designate different
tumors from the same patient). Tumors 1 and 5 demonstrate
moderate expression of normal-sized LNGFR transcripts (3.8
kB). Tumors 2, 3, and 10 have low levels of LNGFR transcripts.
In tumors 8, 11A and 11B, and 13A and 13B, no transcripts
were detectable.

Despite extensive studies by us (10,11,15) and others (9,37,
38), little evidence for activation of oncogenes or growth factors
has been found as yet in pheochromocytomas and MTCs. Dele-
tions of chromosome 1p remain the most consistent and signifi-
cant molecular genetic abnormality yet identified in these tu-
mors.

Acknowledgments

This work was supported by Veterans Administration Grant,
Research Advisory Group #0001 (JFM), and National Institutes
of Health Grant CA-39771 (GMB).

References

1. Simpson NE, Kidd KK, Goodfellow PJ, et al. Assignment of multiple endo-
crine neoplasia type 2A to chromosome 10 by linkage. Nature 1987;328:528-30.

2. Sobol H, Salvetti A, Bonnardel C, Lenoir GM. Screening multiple endo-
crine neoplasia type 2A families using DNA markers (Letter). Lancet 1988:1:62.

3. Mathew CGP, Chin KS, Easton DF, et al. A linked genetic marker for mul-
tiple endocrine neoplasia type 2A on chromosome 10. Nature 1987;328:527-8.

4. Norum RA, La Freniere RG, O'Neal LW, Nikolai T, Delaney J. Linkage of
the multiple endocrine neoplasia type 2B gene (MEN2B) to chromosome 10
markers linked to MEN2A. Genomics 1990:8:313-7.

Oncogene and Growth Factor Expression in MEN 2—Moleyetal 287




5. Narod SA, Sobol H, Nakamura Y, et al. Linkage analysis of hereditary thy-
roid carcinoma with and without pheochromocytoma. Hum Genet 1989;83:353-
8.

6. Lairmore TC, Howe JR, Korte JA, et al. Familial medullary thyroid carci-
noma and multiple endocrine neoplasia type 2B map to the same region of chro-
mosome 10 as multiple endocrine neoplasia type 2A. Genomics 1991;9:181-92.
[Published erratum appears in Genomics 1991;10:514.]

7. Nelkin BD, Nakamura Y, White RW, de Bustros AC, Herman J. Low inci-
dence of loss of chromosome 10 in sporadic and hereditary human medullary
thyroid carcinoma. Cancer Res 1989;49:4114-9.

8. Landsvater RM, Mathew CG, Smith BA, et al. Development of multiple en-
docrine neoplasia type 2A does not involve substantial deletions of chromosome
10. Genomics 1989;4:246-50.

9. Okazaki M, Miya A, Tanaka N, et al. Allele loss on chromosome 10 and
point mutation of ras oncogenes are infrequent in tumors of MEN 2A. Henry
Ford Hosp Med J 1989;37:112-5.

10. Moley JF, Brother MB, Wells SA, Brodeur GM. Prevalence of chromo-
somes 1P deletions and ras gene activation in neuroblastomas, pheochromocyto-
mas, and medullary thyroid cancers. Surg Forum 1990;41:466-8.

11. Moley JF, Brother MB, Fong C-T, et al. Consistent association of 1p loss
of heterozygosity with pheochromocytomas from patients with multiple endo-
crine neoplasia type 2 syndromes. Cancer Res 1992;52:770-4.

12. Mathew CGP, Smith BA, Thorpe K, et al. Deletion of genes on chromo-
some 1 in endocrine neoplasia. Nature 1987;328:524-6.

13. Yang KP, Nguyen CV, Castillo SG, Samaan NA. Deletion mapping on the
distal third region of chromosome 1p in multiple endocrine neoplasia type I1A.
Anticancer Res 1990;10:527-33.

14. Khosla S, Patel VM, Hay ID, et al. Loss of heterozygosity suggests multi-
ple genetic alterations in pheochromocytomas and medullary thyroid carcino-
mas. J Clin Invest 1991;87:1691-9.

15. Moley JF, Brother MP, Wells SA, Spengler BA, Biedler JL, Brodeur GM.
Low frequency of ras gene mutations in neuroblastomas, pheochromocytomas,
and medullary thyroid cancers. Cancer Res 1991;51:1596-9.

16. Schwab M, Alitalo K, Klempnauer K-H, et al. Amplified DNA with lim-
ited homology to myc cellular oncogene is shared by human neuroblastoma cell
lines and a neuroblastoma tumour. Nature 1983;305:245-8.

17. Varmus HE. The molecular genetics of cellular oncogenes. Annu Rev
Genet 1984;18:553-612.

18. Alt FW, DePinho R, Zimmerman K, et al. The human myc gene family.
Cold Spring Harb Symp Quant Biol 1986;51:931-41.

19. Schulz N, Propst F, Rosenberg MM, Linnoila RI, Paules RS, Vande
Woude GF. Patterns of neoplasia in c-Mos transgenic mice and their relevance
to multiple endocrine neoplasia. Henry Ford Hosp Med J 1992;40:307-11.

20. Chen J, Chattopadhyay B, Venkatakrishnan G, Ross AH. Nerve growth
factor-induced differentiation of human neuroblastoma and neuroepithelioma
cell lines. Cell Growth Differ 1990;1:79-85.

21. Azar CG, Scavarda NJ, Reynolds CP, Brodeur GM. Multiple defects of
the nerve growth factor receptor in human neuroblastomas. Cell Growth Differ
1990;1:421-8.

22. Southern E. Gel electrophoresis of restriction fragments. Methods Enzy-
mol 1979:;68:152-76.

23. Rigby PW, Dieckmann M, Rhodes C, Berg P. Labeling deoxyribonucleic
acid to high specific activity in vitro by nick translation with DNA polymerase I.
J Mol Biol 1977;113:237-51.

288 Henry Ford Hosp Med J—Vol 40, Nos 3 & 4, 1992

24. Vogelstein B, Fearon ER, Hamilton SR, et al. Clonal analysis using re-
combinant DNA probes from the X-chromosome. Cancer Res 1987;47:4806-
13.

25. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem 1987;
162:156-9.

26. Ciechanover A, DiGiuseppe JA, Bercovich B. Degradation of nuclear on-
coproteins by the ubiquitin system in vitro. Proc Natl Acad Sci USA 1991;
88:139-43.

27. Hann SR, King MW, Bentley DL, Anderson CW, Eisenman RN. A non-
AUG translation initiation in c-myc exon 1 generates an N-terminally distinct
protein whose synthesis is disrupted in Burkitt’s lymphomas. Cell 1988;52:185-
95.

28. Nau MM, Brooks BJ, Battey J, et al. L-myc, a new myc-related gene am-
plified and expressed in human small cell lung cancer. Nature 1985;318:69-
73.

29. Blair DG, Oskarsson MK, Seth A, et al. Analysis of the transforming po-
tential of the human homolog of mos. Cell 1986;46:785-94.

30. Johnson D, Lanahan A, Buck CR, et al. Expression and structure of the hu-
man NGF receptor. Cell 1986;47:545-54.

31. Ullrich A, Gray A, Berman C, Coussens L, Dull TJ. Sequence homology
of human and mouse beta-NGF subunit genes. Nature 1983;48:435-42.

32. Cleveland DW, Lopata MA, MacDonald RJ, Cowan NJ, Rutter WJ,
Kirschner MW. Number and evolutionary conservation of a- and f-tubulin and
cytoplasmic B- and y-actin genes using specific cloned cDNA probes. Cell
1980;20:95-105.

33. Dracopoli NC, O’Connell P, Elsner TI, et al. The CEPH consortium link-
age map of human chromosome 1. Genomics 1991;9:686-700.

34. Breakefield XO, Orloff G, Castiglione C, Coussens L, Axelrod FB, Ull-
rich A. Structural gene for 3-nerve growth factor not defective in familial dysau-
tonomia. Proc Natl Acad Sci USA 1984:81:4213-6.

35. Hansen MF, Cavenee WK. Retinoblastoma and the progression of tumor
genetics. Trends Genet 1988;4:125-8.

36. Knudson AG Jr, Meadows AT, Nichols WW, Hill R. Chromosomal dele-
tion and retinoblastoma. N Engl J Med 1976;295:1120-3.

37. Boultwood J, Wyllie FS, Williams ED, Wynford-Thomas D. N-myc
expression in neoplasia of human thyroid C-cells. Cancer Res 1988;48:4073-
%

38. Goto K, Ogo A, Yanase T, Haji M, Ohashi M, Nawata H. Expression of
c-fos and c-myc proto-oncogenes in human adrenal pheochromocytomas. J Clin
Endocrinol Metab 1990;70:353-7.

39. Van’t Veer LJ, Burgering BM, Versteeg R, et al. N-ras mutations in
human cutaneous melanoma from sun-exposed body sites. Mol Cell Biol
1989;9:3114-6.

40. Albino AP, Nanus DM, Mentle IR, et al. Analysis of ras oncogenes in ma-
lignant melanoma and precursor lesions: Correlation of point mutations with dif-
ferentiation phenotype. Oncogene 1989;4:1363-74.

41. Vinores S, Guroff G. Nerve growth factor: Mechanism of action. Annu
Rev Biophys Bioeng 1980;9:223-57.

42. Yankner A, Shooter EM. The biology and mechanism of action of nerve
growth factor. Ann Rev Biochem 1982;51:845-68.

43. Grob PM, Berlot CH, Bothwell MA. Affinity labeling and partial purifica-
tion of nerve growth factor receptors from rat pheochromocytoma and human
melanoma cells. Proc Natl Acad Sci USA 1983:80:6819-23.

Oncogene and Growth Factor Expression in MEN 2—Moley et al




	Oncogene and Growth Factor Expression in MEN 2 and Related Tumors
	Recommended Citation

	Oncogene and Growth Factor Expression in MEN 2 and Related Tumors
	Authors

	VOL 40, NOS 3 & 4, 1992

