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Abst r act

Background: The activation of RET proto-oncogene, through
chronosonal transl ocation, isreportedas uniquetopapillarythyroid
carci nonas. However, the preval ence of RET/PTC activation

in papillary carcinoma reported

was variable and the clinical relevance of RET/PTC rearrangenents
in papillary carcinomas is still controversial.

Met hods: To investigate the roles of RET rearrangenent

in the carcinogenesis of papillary thyroid carcinoma

we have studi ed RET activation and p53 overexpression

in various thyroid | esions of Japanese popul ation

by i mmunohi st ochem cal techni que.

Resul ts: RET activation and p53 overexpression were studied in

40 papillary carcinomas, 6 poorly differentiated carcinonmas, 4
undi fferentiated carcinomas, 2 nedullary carcinomas, 2 follicular
carci nomas, 19 follicular adenomas. RET activation was observed in
12 out of 40 papillary carcinomas, while no i munoreactivity of RET
was detected in other |esions. P53 overexpression was observed in
only one of 40 papillary carcinomas, but in 2 poorly differentiated
carci nomas and 4 undi fferentiated carci nonas.

Concl usi on: The preval enceof RET/ PTCacti vationinpapillarycarci noma

anong Japanese popul ati on
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was hi gher than previous reports. |nmmunohi stochem cal technique

s proved as a useful tool to detect RFT/PTC activation

in thyroid tunors. RET rearrangenents are restricted to a

wel | -differentiated papillary carcinons,

suggesting that RET/PTC positive papillary carcinonas do not prog
ress to undi fferentiated carci noma.

Key Wrds: ret/PTC, thyroid carcinona, Japanese, fusion gene
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I ntroduction

Papi | | ary carci noma represents t he nost common nal i gnant t unor
of the thyroid. It is a well-differentiated neoplasm and
its prognosis is generally favorable. Follicular carcinomas, which
are also well differentiated thyroid tunors,
different frompapillary carcinoma in their pattern of growth and
net ast ases. Poorly differentiated and undifferenti ated (anapl asti c)
carci nonas are believedto derive fromthe previously differenti ated
carci nomas through a poorly differentiated tunor
stage. The prognosis of poorly differentiated carcinoma i s poor,
whereas undifferentiated thyroid carci nomas are al npst
invariably fatal.

The RET proto-oncogene encodes a receptor tyrosine kinase (
Ret) for the glial cell |ine-derived neurotrophic factor. Consi stent
with its role of neural crest-derived cell |ineages, specific
mut ati ons of RET are responsible for the inherited cancer
syndronmes MEN2A, MEN2B, and famlial nmedullary thyroid carcinona
whereas “loss of function” of RET is involved
in Hrschsprung’s di sease[9]. Rearrangenent
of the RET proto-oncogene represent one of the nost common genetic
alterations found in nonnmedul l ary thyroid

carci nonmas. These rearrangenents of the fusion of the RET TK
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domai n to heterol ogous genes, thus generating chineric transform
ng oncogenes named RET/PTC. As a
consequence of the RET/PTC rearrangenents, the expression of RET
comes under the control of the fused heterogeneous genes. To date,
at | east 15 RET/PTC isofornms (RET/PTCl-10) have been
i sol at ed[ 10] . These genes ar e ubi qui t ousl y expressed and, therefore,
drive the expression
of the chinmeric RET forns in the neoplastic follicular cells.

Al'l of the resulting RET chineric oncoproteins are |ocalized
in the cytoplasm wth redistribution of their enzymatic
activity fromthe nenbrane to a novel cel
conmpartnent[ 8] . Nornal | y, t he RET pr ot o- oncogenei s expressedi nneur al
crest derived cells, such as parafollicular cells (Ccells)
of the thyroid gland, but not in normal thyroid follicular
cells. Thus, the expression of the rearranged RET
in thyroid neoplasns of follicular cell origin reflects RET/PTC
oncogene activation. In fact, we and
ot her s have denonstrat ed t he producti on of ret ki nase donmai n by Western
bl ot and i mmunohi st ochem cal techni que using the present
anti body Ret C19[11] [6].

Reports from many institutes showed

speci fic RET/ PTC rearrangenent was detected in papillary carcinona
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but rare in other neoplastic |esions including follicular

adenoma, follicular carcinong,

nmedul | ary carci noma, poorly differentiated carci noma or

undi fferentiated carcinoma[ 11] [1]

[7]. A variable preval ence of RET/PTC activation has been reported
so far

I npapillary carcinoma, probablyreflectingtechnical factors as wel |
asenvironnmental factorsandracial differences[12] [2] [4] [11] [3]. In
addition, little is studi ed about the biologica

characteristics, pathological features and clinical behavior

of the tunors harboring RET/ PTC. To address these i ssues, we anal yzed
aseriesof 73thyroid]| esions of Japanese patients for RET acti vation
usi ngi mmunohi st ochem cal techni que. The present st udy m ght shed! i ght
on the role of RET/PTC in the devel opnment and progression

of thyroid neopl asi a.
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Materi al and Met hods

Tunor sanpl es and patients infornmation

Par af fi n- enbedded t hyroid

speci nens were obtained fromthe files of the Departnent of

O ol aryngol ogy- Head and Neck Surgery,

at t he Uni versi tyof TokyoHospital or Depart nment of O ol ar yngol ogy- Head
and Neck Surgery, at Kobe University Hospital. Atotal of 73 surgi cal
specinmens (19 follicular adenomas, 2 follicular carcinomas,

40 papillary carcinomas, 6 poorly differentiated carci nonas, 4
undi fferentiated carcinoma, 2 nmedullary carci nomas)

wer e exam ned. All histopathol ogi ca

di agnoses were critically reviewed accordingtoWOcriteria. Patient
i nformati on was obtai ned by nedical charts.

I mmunohi st ochem cal Det ecti onof t heRet protei ni nHuman Thyr oi d Tunor s
| mmunohi st ochem stry was perforned

as follows: Five-mcron-thick serial

sections werecut fromformalin-fixedparaffin-enbedded speci nens and
nount ed on silan coated slides (Dako). Deparaffinized

and rehydrated ti ssues was placedinacitrate-buffered solution (pH
6.0) and microwaved to 100° C for 20

m n. Endogenous peroxi dase and nonspeci fic binding was bl ocked

usi ng 3% hydrogen peroxi de and 10% nor nmal
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serum respectively. A rabbit polyclonal antibody to RET TK
domain Ret C-19 (Santa Cruz Biotec, Santa Cruz, LA) was used
as primary anti body at a dilution of
1:500. This antibody identifies the human Ret protein human tunor
s as well as in transgenic nodels. For p53, a rabbit polyclona
anti body NCL-p53-DO7 (Novocastra Laboratories, United Kingdon
was used at a dilution of 1: 100.

Primary anti bodi es were incubated overnight at 4 °C and
I mmunoreactivity was detected using the Vectastain ABC kit (Vector
Laboratories, Burlinganme, CA). Negative controls were perforned in
all cases by omtting the first anti body. D am nobenzi di ne ( DAB) was
used as the chronpogen and nuclei were slightly counterstained with
Hemat oxyl in. Tissue i munoreactivity for Ret was often observed in
avari abl e proportion of neoplasticcellsinpapillarycarcinom. Only
those specinens in which at |east 25% of the tunor cells were
i mrunor eactive, were scored as positive. As for P53, tissues that
denonstrated definitive strong nuclear staining in at | east 10% of
thetunor cell sintheexam nedspeci nrenwerecl assifiedas p53-positive
and ti ssues that denonstrated no specific staining or focal staining
in less than 10% of the exam ned speci nens were cl assified as

p53- negati ve.



Nibu et al. RET/PTC

Statistical Analysis

The associ ations anong ret activation, p53 overexpression and

cl i ni copat hol ogi cal paraneters includi ng age,

associ at ed Hashinoto's disease, T classification, Nclassification

and p53 were analyzed by the x* or Fisher’'s exact test.
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Resul ts

Inthisstudy, atotal of 73 cases (19follicul ar adenomas, 2fol licul ar
carci nonas, 40 papillary carcinonas, 6 poorly differentiated

carci nomas, 4 undifferentiated carcinoma, 2

nmedul | ary carci nomas) have been anal yzed

i mmunohi stochem cally for RET/PTC

activation. Hi stologically normal thyroid follicular

cells in the tissue sections were negative, while the neura
crest-derived parafollicular cells exhibited positive as expected
(data not shown). Twelve of 40 papillary carcinonmas (30%

scored positive. Tissue reactivity was usually honbgeneous throug
hout the tunor (Figure 1). The positive signal for ret

was efficiently displaced by preabsorbing the reconbi nant protein
(dat anot shown). Fol l'i cul ar-typetunors, bot hcarci nomas and adenonas,
were entirely negative for ret. Ret activation was absent

in poorly differentiated, undifferentiated thyroid carcinoma,
medul | ary carcinomas or follicular adenomas (Table 1). Margina
significant correl ati on(P=0.15) was observed betweenret activity and
age. Ret activity was not observed in patients younger than 40
years ol d. Theincidence of ret activity was higher inthepatientswth
chronic thyroiditis, but it is statistically not significant.

No si gni fi cant correl ati on was observed betweenret activity and ot her

10
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cl i ni copat hol ogi cal factors (Table 2).

The results of imunohi stochem cal staining for P53
wer esumari zedi nTabl el. P53 over expressi onwas observedi nonl y one of
40 papil l ary carci nonas, whil e positive stainingfor p53 was observed
nore frequently in poorly differentiated carci nomas and
undi fferenti at ed
carcinomas (Figure2). Anbngthe40Opatientsw thpapillarycarcinonma,
only one patient with ret-negative papillary carcinoma died of
di sease. Anong five poorly differentiated carci nonas, one patient
wi th p53 overexpression-tunor died of disease.
O her four patients had p53-negati ve tunor and have been al i ve wi t hout
di sease. Patients with other carcinomas (nedullary carcinons,
undi fferentiated carci nona and follicular carcinom) died of

di sease regardl ess the status of p53 expression.

11
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Di scussi on

RET activation was identified in 30 % of papillary carcinonmas

In the current study, RET/PTCin neoplastic | esions was detected in
30% of papillary carcinomas but not in other neoplastic

carci nonas. The present preval ence of RET activation

i nJapanese popul ationissignificantlyhigher thanthepreviousreport
studi ed by Southern bl ot anal ysis[8] but

quite simlar to the recent report studied by RT-PCR

anal ysis[4]. The difference can be expl ai ned

on the basis of the technique, i mMmunohi stochem stry versus Sout hern
bl otting or RT-PCR sel ected for the study. | mmunohi stochem stry is a
sensitive technique, nore than Southern blotting,

because the positive signal of tunor cells is not diluted

by the surrounding nornal epithelial or stromal cells or
byinfiltratinginflammatoryel ements, whi chmayrepresent ani nport ant
conmponent in papillary carcinoma. Unlike RT-PCR,

I mmunohi stochem stry can detect RET

activation, regardless of the type of rearrangenent,

with the possibility of identifying novel RET chinera

ot her than the known RET/PTCl-10. Furthernore,

i mmunohi st ochem stry i s not dependent

ontheavailabilityof freshtissuefor Southernblottingor for optina

12
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MRNA extracti on and can be successful ly appliedto study | arge nunber
of cases using archival pathol ogi cal materials. | nmunohi st ochen cal
anal ysi sal sohasagreat advantagetoidentifythepreciselocalization
of tunor cells harboring RET/PTC rearrangenents. Finally,

i mmunohi st ochem cal anal ysi s does not require speci al equi pnents and
can be easily perfornmed in the pathol ogy | aboratories at clinica

setting.

On the ot her hand, i nmunohi stochem stry has a di sadvant age of
"nonspeci fic back ground staining”. Due to the restriction of
usi ng archival paraffin-enbedded speci nens, we did not
confirmthe present results by RT-PCR techni que. However, Tallini et
al. reported the significant correl ati on between RT-PCR and RET
expression detected
i mmunohi stochem cally in the papillary carci nona(P=0.002)

[11]. The lack of positive staining for RET activation
in follicular-type neoplasns in the current
study al so supports the specificity of the inmunohi stochem ca

st ai ni ng.

RET/ PTC acti vati on was not observed in follicular carci noma
or follicular adenona.

In the current study, ret activation was not observed

13
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in follicular adenomas or follicular carcinomas in
accordance with previ ous reports studi ed by Sout hern bl ot and RT- PCR
anal ysis. Cenetic alterations, other than RET/ PTC,
support the existence of different
nol ecul ar pat hways for the devel opnent
of these two major types of thyroid tunors, papillary carcinoma
and follicular carcinonma. For exanple, Ras and p53
nmut ati ons were frequently observed in follicular
carci nomas and follicul ar adenonas| 5],
whil e these nmutations were rare in papillary carcinomas. Transgenic
nouse nodel s have confirned the stringent associ ati on bet ween RET/ RTC
expression and the papillary carcinona.
M ce carrying the RET/RTCLl, RET/PTC2 or RET/PTC3 under the control
of the thyroid-specific thyrogloblin pronoter,
devel oped neopl astic thyroid nodul es characteri zed
by norphol ogi cal features closely resenbling those found
i n human papillary carci nomas| 6] .
At the clinical setting, it
Is occasionally difficult to pathologically distinguish
between follicular type papillary carcinoma and follicul ar
carci noma. Al though the present tunor groups studied did not

include follicular type papillary carcinoma, these results may su

14
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ggest the possible useful ness of identification

of RET/ PTC rearrangenents by RT-PCR or

I mmunohi stochem stry to distinguish these two distinct types of t
hyroid tunors. Further studies using |arge group

consi sting of papillary carcinomas wth various variants should

be perforned to test its useful ness.

RET/ PTC activation was detected only in
wel | -differentiated papillary carci nonas but not
in poorly differentiated or undifferentiated carci noma

In our study, RET/PTC activation was identified only in well
di fferenti ated papillary carci nomas but not in poorly differentiated
carci noma or undifferentiated carci nomas. The unconmmbn associ ation
of RET/RTC with papillary carcinonma
exhi biting aggressive features has al so been denonstrated by ot her
i nvestigators. Undifferentiated or anaplastic carcinons,
exhi biting nost aggressive biol ogi cal behavi or,
i sbelievedtoderivefromtheneopl asticprogressionof differentiated
carci nomas through a poorly differentiated carcinoma|7].
On the contrary, papillary mcrocarci nomas, wel
known for their |ow degree of nmlignancy, exhibited the strongest

correlation with RET/PTC[ 11] . These fi ndi ngs suggest ed t hat RET/ PTC

15
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activationis anearlyevent i ncarcinogenesis of papillary carcinoma.
The clinical relevance of RET/PTC rearrangenents in papilla
ry carcinoma is still
controversial. Anong the 40 papillary carcinomas anal yzed
in this study, no associ ati on was observed between RET/RTC and T or
N classification. Several authors postulated that the |ack of ret
activation in poorly differentiated and undi fferenti ated
carci nonas nmay indicate that papillary carcinomas, harboring RET/
PTC rearrangenents, do not exhibit a tendency to progress to an
aggressi ve phenotype[11] [7]. In contrast,
sone have suggest ed t hat RET/ PTCexpr essi on coul d serve as ani ndi cat or
of aggressive behavior in papillary carcinom, especially for
net ast ases[ 3]. Further data
consi sting of large size and |ong-termfoll ow up
are necessary to determne the clinical rel evance of RET/ PTC rear
rangenents in papillary carcinona.
Inthe current study, age had nmargi nal significant correlation
with ret activity. No patient at the age of younger than 40
years old had ret activation in contrast with the data
of radiation-induced papillary carcinomas[2]. The trend for an
i ncreased preval ence of RET/PTC activationin papillary carcinomain

ol der patients m ght suggest the possibility that

16
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aging of thyroid follicular cells m ght
al so play a role in RET/PTC rearrangenents.
Finally, although statistically it is not
significant, thefrequency of ret activityis norefrequently observed
in papillary carcinomas with chronic thyroiditis than
i npapillary carcinomas wi thout chronicthyroiditis. Wrtschafter et
al [13]reported high incidence of RET/PTC rearrangenent
i n Hashi noto’ s di sease. These findings may suggest the possibilit
y that there may be nore than an incidental association
bet ween these two di seases.
Concl usi ons
The preval ence of RET/PTC activation in papillary carcinoma
among Japanese popul ati on
was hi gher than previous report. | munohi stochem stry i s proved as a
useful tool to detect RFT/PTC activation
in thyroid tunors. The findings reported here confirmthat RET re
arrangenent is restricted to papillary carci nona and
i ndicate that the subset of papillary carcinoma positive for RET
activation do not appear
at the risk for progression to less differentiated or
undi fferentiated tunor phenotypes.
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Table 1

Pat hol ogy No. of ret p53
cases (% (9

Fol I'i cul ar adenoma 19 0(0) 1(53)

Fol | i cul ar carci nona 2 0(0) 0(0)

Papi |l ary carci noma 40 12(30) 1(2.5)

Poorly differentiated carci nhoma 6 0(0) 2(33)

Undi fferentiated carci nona 4 0(0) 4(100)

Medul | ary carci nhoma 2 0(0) 0(0)
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Table 2
No. of cases ret + (9% P
Age 0.15
18- 39 6 0(0)
40 or ol der 34 12(30)
T classification NS
1 6 3(50)
2 29 8(28)
3 5 1(20)
N cl assification NS
0 28 8(29)
1 12 4(33)
Chronic Thyroiditis NS
with 9 4(44)
wi t hout 31 8(26)
p53 over expressi on NS
positive 1 1(100)
negati ve 39 11(28)
Legends
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Figure 1

| mmunohi st ochem cal detection of the RET protein

in various thyroid |esions.

A) papillary carcinoma B) poorly differentiated carci noma C)
undi fferentiated carcinoma D) nmedul lary carcinoma E) follicular
carcinoma F)follicular adenoma G chronic thyroiditis H)
subacute thyroiditis I)normal thyroid

A strong cytoplam c staining was observed in the neoplastic
cells of papillary carcinomas but not in other neoplastic

and nonneopl astic | esions.

Figure 2

| mmunohi st ochem cal det ecti on of t he p53 protein
in various thyroid |esions.

A) papillary carcinoma B) poorly differentiated carcinoma C)
undi fferentiated carcinoma D) chronic thyroiditis

Positive staining for p53 was detected in nuclei of tunor cells.
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