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Role an'd new pérspectives of transforming
growth factor-o (TGF-¢Y) in adenocarcinoma of the

gastro-oesophageal junction
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Summary The incidence of gastro-oesophageal junction (GEJ) adenocarcinoma is increasing in Western E;oumries and prognosis is poor
since metastasis is most often present at diagnosis. We examine-: samples from 87 resected type H GEJ agenocarcinomas, 30 of these with
endoscopic diagnostic biopsy material, to evaluate transforming growth factor alpha (TGF-o) expression and p53 overexpression by
immunohistochemistry and in situ hybridization (for TGF-wj), in refation to biological and clinical behaviour. TGF-a messenger RNA (MRNA)
and protein were detectable in neoplastic cells in 56% and 64% cases respectively. TGF-« mRNA was detected In intra- and peritumoral
lymphocytes and those of metastatic lymph nodes. TGF-« protein expression was significantly assdciated with tumour progréssion

;i" (P =0.025) and lymph node metastasis (P < 0.05). The strong TGF-o expression found In neoplastic cells ir}side blood and lymphatic vessels

¥ and in metastatic localizations suggests that TGF-a-positive GEJ adenocarcinomas could have a more aggressive biolagical phenotype. The

*_ expression of TGF-o mRNA and protein in both inflammatory and neoplastic cells indicates that TGF- js directly synthesized by both cell
compartments. Finally, since TGF-o expression was assaciated with lymph node metastasis, its detechion in preoperative perefdoscopic
a biopsies might identify patients with more aggressive tumours who may need additional therapy, nnuluqu neo-adjuvant treaiment, € 2000
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The incidence of gastro-oesophageal junction (GEJ) adenocarci-
noma has markedly increased over the last 20-30 years (Blot ey~
1991 Powell amd McConkey, 1992; Pera et al, 1993), This
contrasts with the decreased incidence of carcinoma of the distal
stomach hoth in Western countries and Japan (Sons and Borchard,
1986; Paterson et al. 1987). Despite improvements in early
dingnosis and therapy, the prognosis of GEI adenocarcinoma
remains poor due to the fact that metastasis is already present in
most patients at diagnosis (Wang ct al, 1993; Jakl et al, 1995).
Multimodality treatiments have not yet excried a significant impact
on fong-term survival, which remains al about 10% at § years
(MacRFarlane et al, 1988; Wolfe ct al. 1988: Ohno ct al, 1995).

Until recently, most researchers thought of all GEI adeno-
carcinoma as an anatomical variety of either distal-oesophageal or
gastric adenocarcinoma (Webb and Busuuil, 1978; Bosh et al.
1979: Wang et al, 1986; Stemmermann et al, 1994). Siewerl and
Stein (1996) have underlined the clinical importance of distin-
guishing true carcinoma of the cardia arising from cpithelium of
the GEI. when the tumour centre is located within | cm oral or
2 cem aborat of the anatomical GEJ (type 11 in thieir classification),
[rom those vriginating either in the distal oesophagus (i.e. from
Barrett’s oesophagus) (type ) or from subcardial gastric mucosa
(type 1)

Many swdies have evidénced the importance of proliferative
rate, pS3 mutation (evidenced hy its overexpression) in (he
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progression of adenocarcinomas of the stomach and distal oesoph-
agus (Casson et al, 1991 imazeki et al, 1992; Wang et al, 1994): in
particular. pS3 mutation or protein aberrancy has been correlated
with tumour development. invasiveness and poor prognosis
{Martin et al, 1992: Wang ct al, 1994: Moskaluk ot al, 1996; Wu et
al. t998). Transforming growth factor o (TGF-) has been shown
W be an important proliferation activator in various types of
epithelial tissue (Malden et al, 1989: Derynk, 1988). Normal
gastric mucoss has been shown 1o express significantly lower
levels of TGE-L protein with respect to mucosa adjucent Lo gastric
carcinomas, metaplastic intestinalized mucosa and gasiric carci-
nomas, particularly of the intestinal type (Nasim et al, 1992, Jali P
ct al, 1993). Advanced gas ALCinomas cxpmsmg(hu,h levels

e
of ho(hr(:l- v protein and” pldcmml growth factor u,u,pmr
- IV

show a WOTSE prognosis (YoncHiea-ct-al.-1992): Furlhefinore. in

‘pdln.nls with™ m,soph.lg 24l squamous carcinoma, TGF-o. expres-

sion has been found to correlate with poor prognosis (lhara ¢t ul,
1993). Sauler et al (1995) found that persistence of (or a rise in)
TGF-o protein in adenocarcinomas of the distal oesophagus-after
treatment with high-dose radiation therapy and chemotherapy
correlated with worse prognosis. In confragt, in preoperative
colorectal curcinoma biopsies, Younes et al (1996} found thaLligh

-4
Lapre ssion of TGF-0. protein is 4 good prognostic. indication On

e offer hand=1a ™ Jom(l‘)‘)g) have Teported that TGE-ot
expression in resceted liver metastases from colorectal adenacarci-
nont is associated with unfavourable prognosis. These discrepan-
cies prompted us (o exumine the histological material from 87 1iype
Il GEJ adenocarcinomas and theie metustatic lymph nodes 0
investigate how TGF-o0 mRNA (and iis protein) and ps3 over-
expression correlate with the biologicul and clinical hehaviour of
this tumour type, '
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PATIENTS AND METHODS

Patients ang histological samples
Surgical specimens were studied uf (G5 adenocarcinona. type 1
according i Siewernt ang Stein's classification (1996) from
87 patlents (20 lemales, (7 males, mean age 62 veare) whe untler-
went 1o1a) sustrectomy, distal “esophageciomy  ynd extended
I}f1’11;3l1:|d0|7(‘('|umy at the Surgical Department of oy institution
between 1972 and L9 and had 4 IR MUm survive of 2 monthg
LM, 160 Monihs, megn 33 months), In a4} Cuses, a radical 1E80C-
Hon way Macroscopically achieved, uy evaluated on ilm’;wpm‘mi\'c
frozen sections, None of dye parients had y significum hisiory
of kastro-oesophageal ey, In 30 cages. the preoporative
hiopsy way performed in oy institurion, un disgnosije Materigf
was available for study by immlmuhish'x;h(m';ixtry i in gigy
hvbridizarion, Gastric, cardiye and oesophagen] samples worg
ke from snep Sprcimen. Foci ol intesrinag metaplasia were
never observed in (e oesophageal mucosa, The pointof maximum
filiration wag sampled in each case. Muliiple samples were
always taken of the apparently unatfociey surrounding sasizic an
Oesophageal tissues. In (he absence of g SCparte staging classifics.
ton for GI3J adenvenreinpmg. American Yoim Cancer Committee
(AICC) yuidelines fop LaNNC Cancer worg employed. Accordingly,
ONG patient was classified as Stage pTl, 10 were PT2 and 76 were
PT3-d 10 28 natients there wig o 'mam::lmic spread to the I¥mph
fiodes. while 35 were N and 24 were N2, of Whom two weye M|
(Table 1), The neophisms were welj o moderately ditferontinge
(G-2yin 22 paticis, poorly differeniiaed (G3)in 4. patients and
undifferentiared 1G4y in 21 patients (AJCC erteria). Tissues warg
fixed in formatin for & maninum of 240 al 4, Vixed maierial
Wiy then processed through abwohe cthanal and Higen elear
(histological Clearing agony, Atlanta. (GA. USA)Y. and paraitin
embedded ar §80C Paraglast Piys (Sherwood Medical, Athy,
Treland) foy » Maximum of 2 1), Sevja) 4um thick SeClons were gy
from each ock, coliecivd pn silane precoared stides and ailowey
10 dry ovemight 5 3 < PHON 1 use. Ope section of eueh sariple
Was stained with H& ..

lmmunohistochemi‘stry procedures

Sectivng were dewaxed and rehvdrated through aleohos serics up
0 distilled  wager, 7 he endogenoug peroxidase BCUVILY  wag
Suppressed by a 0.3% solition of hydrogen poroxide {HLQ,) in
methanal for 20 min, After iwe washes inTrig bulter saline leSl
sections (o be incubated with the Mtibwmnan 16 O-mOnoCi g
"”-”MM\—LQ (clone 21344, Cs}lbmchem, Cambridge, MA,
USAT ileed 1:700 Were processed in g miceowaye oven mENTA
Ima. pH & foy e eyeles of § min euch, Sections (n he incubated
with mAlb anli-p33 felong 307 Dako, Glostp, Denmark)
diluted 1:80 4ud polyclonal antibody (pab) anti-Ki.67 antigen
tDako) ditued 150 were processed in & microwave oven in citrate
butfer (10 my, PH.O) for 4 eyeles of 3 min, Al sections wepe tneu-
bated overight al 43¢ 4y @ hamidified  champer After
3 rinses in TRS, the tissue samples were incubated witht the
WAL o pAh Envigion Plus HRp SYsiem (Dako) for 30 i,
]n‘unmmo!u;gicul reactions were descloped in 3.3’-(1i;-1/n1'm:»‘l‘mn7.i«
dine (Sigma, & Lovis, MO, 15g4) in TBS (g Mg ml,
contuining 0,024 H.O, for s mig in e dark, The slidee were they
comterstained with Tvlé_v«.n s hagmatoxylin for 5 8, dehydrated nnd
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moubted in Enkig 0 Kindler, Freiburg, Germany), Negative
contrals Were perforped by substituling the specifiv primary antj-
hody with nOM-nnirng serupy,

Preparation of CRNA probeg

The cNA carresponding 1o hunup TGFan, consisting of 30 hp
of 1hes open teading frame of he e was sub-cloned in plienm)
plasmid 2900 hps, Promegy, Madison, WL USAY The plasmid
wWas lioearized ety with [ienR) {Pharmagia Bioteah, Appsalu,
Sweldeny or Hindlly (Gibeo-BRI. Milan, Htaly) and ! fE was then
usedd s 4 templaie for iy vigeg syhthesis of the sense and antisenug
probes fespoctivedy, lf)ig;uxjgc.nm.fnb(:!}cu’ ziboprobes wers nener-
ated with cither $PG o T7? RNA nobyinerg

Milann, aling, for 2hat3rCin § % franscription utfer, 35 1y of
RN Agse inhibitor, 1 qy cach of ATP, ¢ pp avd G:‘I“P, a8 well ag |
M O 4 igtre of calg LOmar UTFP ang digaxigenin-Up (6.5
and 3.5 mpM fespectively) (Roche), Foy cach prohe, the length wag
eduzed 19 g meapn 8i7e of 50..10() mcleorides by means of alkaling
hyvdrolyis,

(Ruche Diagnasiies,

In sity hybridizatian .

I"’orln:ilin-fixc(!, paraliin-cmbedded SCHONS were dewased, rehye.
drated s wished i plmxph.ﬂﬂ::-lmﬂ'e‘re(l safing IPBS). Scetiong
were digested with proteinase K (2.5 Mg il (Sigma, Louis,
MO, USA) in 50 IOM Tris-HCT, 5 pyag KIyra (M 7.2  tar an min ay
IVC fixed iy 4% paraformaldehyde g PRS for s min g e
wemperatiee, and then washed in PRS, Priny 1o hybridization,
Sections  wiye dehvdrated  and  gir dried. Hyly ilization wag
performed w 42. 4370 avernight by applying BO-100ng of
digoxigenin-luholed firobe i 25yl of hybridization pursa (306
dcionized formamids, 2 x S8C (saling-sodium citrate), 10 dextrap
sulphate, {65y soctitm dodecy] sulphte ISDSP par secrion
under i glags coverslip. Coverslips were then gently floated off i
§ ’ Y of post-hyhridization washes wig

S The highest siringene
607 C i 506 deionized formamide-2 x S8C Tor 20 mjp, Sections
Weie dnsed again iy 0 w S5C 0.5 w 88eL 0 x SSC for
LS min cach ar 37°C, and then cauilibrated in Buffer IO snpm
Tris-1CI, 150 MM sediim vhloride (NaCly M7351 Ange
digoXigenin pAh antibudy diluted 1.500 in Bufter 1 way applied
overnight ar 4, Detection wag awcomplished it ntro-blye
Wrazohieny (340 e WS hegnig .« chln:n»&imiolyl~phn3pimm
7 my mih U\'B’f‘/BCLIP} for 6-8 1y (Roche) in buffer 20100 mu
Tris-HCH 50 my magnesium chioride (M;;C‘l_,. PH 9.5) 0 the Mese
enee of T owg Jevimisoke (Sigmd), Bach section Was commerstained
i methy! oreen. dried ar 427¢ and glyeerol mounted. Contenly fop
the specificity of in ity b ybridization resdls were performed by: (1)
pretecatment of tiysye sectiony with RNAase (100 mg mi figp |
at 37°C, betore hyhiidization: (2 hybridization with e Ty,
sense probe: (3) hybeidization with the: hufter alone, without the
prohe,

Statistical analysis

We anilyscd (he cIiniml~p.'xtholo;gicnK paramieters (ape. sex and
patholegical stuge) ac well ag e mimmohisiochermis) voand iy
st hybridization resalts of (he investignted murkery (prodiferative
rare, pS3 TGR- protein and Hanseripts). relating thenr 1o the clin.
il outeome of (e petients studied. Dyt INETYSIS was porlorme
by the SPSS statisticy packige isiag Cox re
survivil imodel,
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RESULTS

Presence of TGF-q, transcripts was evidenced by in situ hybridiza-
tion in the basal layer of the ocsophageal epithelium and in basal
cells of the gastric glands (both known to be in continuous renewal
because of normal wrnover). TGF-o messenger RNA (mRNA)
was ilso deteeted in intra- and peritumoral lymphocytes and those
of metastatic lymph nodes, Only scauered positive lymphocytes

A L S SO CD Pe :
Figure 2 Immunohistochemical, nuclear localization of p52 protoin in o
moderately difierentiated GEJ adenocarcinoma (DAB staining)

© 2000 Cancer Research Campaign

Figure 1 (A) Neoplastic glands and surrounding lymphocyles atongsido tho
invasive front of a GEJ adenocarcinoma show high levels of TGF-tx MRNA by
In shtu hybridization (NB'T/AP staining). (B) Negalive controt on the same
case using the TGF-u senso probe (NBT/AP staining); (C) Neoplastic eells in
lymphatic and blood vessels of an infiltrating GEJ adenocarcinoma reveal
strong immunostaining using the anti TGF-¢ mAb (DAB staining)

were detected in normal mucosa and in non-metastatic lymph
nodes. High amounts of the transcripts were observed in 49 (569%)
cases of adenocarcinoma, In particular, TGF-0 mRNA  was
detected in the majority of neoplastic cells arranged singly or i
strings along the line of wmour invasion (Figure 1 A.B) and in the
lymphatic or blood vessels. The metastatic Iymph-node cells also
expressed TGF-« wranseripts. TG protein expression was intri-
cytoplasmic and diffuse in the neoplastic cells of 56 (64%) cases
(Figure 1C). Ca-localization of TGF-¢¢ mRNA and protein wig
nearly always found both in neoplustic cells and in lymphocytes,
In seven cases TGE- protein was present in the absence of its
mRNA even in the basal fayer of the vesephageal mucosa, almost
certainly due.lo the inevitable degradation of TGF-o mRNA in the
oldest archivirl muierials. :
“Overexpression of p33 protein (Figare 2) was strictly confined to
the nuclei of the majority of neoplastic cells of 61/87 (70%) cases
{(Table 2. Particularly, marked staining for pS3 was detected in
poorly or undifferentiated carcinomas and in ones with an infiltrating
pattern along the ocsophageal and gastric walls or with extensive

invasion of the subwnucosa. Furthermore, neoplastic clements iy -

metastatic lymph nodes also showed clear PS3 immunareactivity.

The proliferative index of the neoplasms, as evaluated with the
Ki-67 pAb, was scored < 10% in 3() (34%) cases and > 10% in 57
(66% ) cases. A higher index was ohserved in poorly differentiated
mmours and in advanced tumour stage (Table 2). Ki-67 positivity
was also observed in the basal layer of the squamous epithelium of
the ocsophagus and in intra- and peritumoral lymphocytes,

In the 30 preoperative biopsies under siudy. immunohistochem-
ical anatysis of pS3 and TGF-rx and i situ hybridization of TGP-ou
MRNA showed similar sensitivity and speificity to the surgical

Table 1 Pathological stage of B7 patients with GEJ adenscarcinoma

NO N1 N2 Total cascs
pTi 1 ] 0 o
PT2 6 3 1 10
PT3-4 21 92 23 76

o
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Figure 3 Cumutative survival for petients with GEJ adenacarcinoma
according to TGF-c protein exprossion (A), pS3 nuclear accumutalion {B)
and piesence of iymph-node imslastases (€), Clinical outcome is markedly
influenced by TGF-u expression (P - 0.0235), p53 accumulation (P =
0.0392) and N stage {# =~ 0.0025)
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Table 2 Biological tindings of 87 patients wilh GEJ adenocarcinoma

No.of  TGF-¢ TOF-umRNA  psa KiB7>10% Kig7<10%

514 o0 0 0 3 0

PT2. 10 5{50%)  3(30%)  5{50%) 6 (60%) & (40%)
PTO-4 76 SU(B7%)  AB(SP%) S8 (74%) < 5O (66%) 26 (M%)
Tolal 87 50(B4%)  49(56%)  61(70%) 57 (h6%) 30 (34%)

4

’ ‘l ’
saniples. B pastcular, 22730 prespertive biopsies showed diffuse
positivitg bithdn
cight cases ‘weré negative. This Suggests that TGP protein and
mMRNA can both be contidently srudigd on preopeciive endo-
SCOPIC PIOpsy specimens, ’

Statistical analysis

Cox step-wise regiession analysis of the variuhles (FNM, pS3,
Ki67 and TGF-0 mRNA and proein) showed o significant rea-
tionghip with increased mortality for P33 (P =0.030) and Na- (P =
0.0023), while TGT-0, protein just-missed significance (P = 0.09%)
du (o the musking effect of e vuriable N+ in effect, Jopistic
vegression demonstrated A significant relationship between TGF-u
protein and N (= (L05). When N+ was excluded from the Cox
regression, the signiticant variables were PS3 P = 0.039) and
TOF- protein (# = 0,024y, TGF-00 mRNA expressinn failed 1o
reach significance only because of the seven cases that appeared
negutive duc 1o degradation. Logistic regression afso showed that,
TGF-0 protein was significuntly assosiated with tumoue progres.
sion (i.e. TNM) (2 = 0.025). Clinical outcome was not influenced
by sex, age or histological grade,

DISCUSSHOM

The present study sugpests that detection of TG E-y exprossion is
of clinieal relevance in type 11 GEI adenocarcinomas, as defined
by Siewert aud ‘Swein (1996}, and also sheds new tight on the
biological action of this growth factor.

On clinical graunds, current issues regarding the treatment of
type {1 GEY adenocarcinomu include the role of strgery, selection
of candidates and the aims of the dilferent operative procedores
employed (Shape, 1996). Reports from China and Japan have
revealed good long-term survival only in patients surpic
resected for stage 1 Unforminately, in the USA and Western
Europe, even when carly dingnosis is made paficnts are usually
already in stage 1 or X1 and the modalitics of treatment aie sill
unddefined, .

Activation or suppression of oncogenes and anti-oncogenes has
consistently been found o correlate with wmour progression and
biological aggressiveness. Fxpression of their protin products as
evaluated on enduscopic biopsy scetions can provide uselul indica-
tions for therapy. In pacticulur. p33 overexpression is known o b
reliable marker of poor prognodis in oesophageal adenncarcinamas
(Casson er al. 1995: Paicl ot al. 19973, As capected. b our series.
P33 averexpression cortelated negatively with survival (P = 0.030).
Its persistence during neoplastic progression and it prognostic
significance ave thonght ry be related to a situation of genctic insta-
bility associated with the activation of other oncogenes or growfh
factors (Hartwell, 1992; W et u), 1998). including TGF-o.

ally
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i TGF-0 profein and mRNA, While the remaining
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We found a negative relationship berween 1GE-g, protem and
survival (£ = 0.024) when the masking etfeet of N was excluded,
ting, that TG tetsction could be ofprogniitic. vilicin
T GE) Adc‘wc.trunuuma. Qur series conlirms the precedence

T¥pe

of tumour stage and lymph-node metastasis as overal) pragnostic,

indicatars. as in most malignancies (Sharpe and Moghissi, 1996;
Steup el al, 1996; Kajivama et al, 1997). However. in Western
countrics GEJ adenocarcinomas are gencrally diagnosed i a reld-
tively late slage dne 1o the lack of earty $igns or symploms and the
wmour’s aggressive biological behaviour. Purthermore, clhinjcul
staging does ot always correspond to the pathological stage of the
process, which can be evaluated only afier surgery. Thus, bielog-
ical markers thar can provide therapeutic indications at the time of
endoscopic biopsy may be especially welcome for GEF adeno-
carcinoma patients,

Immunohistochemical assessment of ps3 prolein uverexpres-
sion scemg to be the most important curre biological prognostic
marker in GE} adenocarcinomas. However, ovaluation of p33
tumour-suppressor gene mutations (vatber than indirect immuno-
histochemical assessment of the protein sccumnlation) wonld
require DNA sequencing after single-strand conformational poly-
motphisi polymerise chain teaction (SSCP-PCR)Y. In cedain
sases. this distinetion has heen found to be important (€ sgel et al,
1997). Thus, we think that TGF-u exprassion may provide further
iformation on the biological behaviour of type I GEJ udeno-
carcinomas that could be useful for clinical management.

In our study, expression.of TGF- mRNA and its protein product
were detectable in the neoplastic colls in 36% and 64% of cases,
respectively, as well as within the blood and lymphatic vessels and
in the metstatic lvmph nodes, suggesting that neoplastic cells
which express TGE-x have 4 more aggressive hiological pheno-
type. This vould be due either to: (1) a direct chematactic effect of
TGF-ot 2) interaction of TGF-or with other freowth factors or adhe-
sioh matecules: (3) a possible role of TGF-o in the induction of
ungiogenesis within the tumour, us previdusty suggested (Schreiber
ctal, 1986; Cai ¢t al. 1997); {4) concomitant autocrine coutrolled
profiferation and protection (rom apoplosis (Foster of al. 1999).
Iuterestingly. in adenovarcinomas of the distal vesophagus. Sauter
et al (19957 have shown that persistent or increased expression of
TGF-w aficr neo-adjuvant thecapy is refaled (o poor Progninsis.,
Taken wgether, these observatjons make us think that in type GET
adenvcarcinomas TGF - detection at endoseopic biopsies taken
before ahd afler neoadjuvant treatment might provide important
therapeuiic indications, independently of TNM.

From. the biological standpoint, we wers intorested to find (hat
the lymphocytes in and around the timeur and in the elastatic
fymph nodes also stongly expressed TGF-o.mRNA and protein,
Recent studies have shown that in several nou- neoplastic intestinal
pathologics, the inflammatory. component is capable of activating
growth factors rhat stimulate epithelial proliferation, therchy
inducing erypts hyperplasis (Bajaj-Eliott et al, 1998). Other
studies have Focused on the role of the inflammatory componsnt
and its prognostic. significance in different malignant wmours,
along. with the mechanisrm by which soine cytokines can cither
encourage or inhibit tumonr growth (Ropponen ¢t al, 1997; Naito
et al. 1998). Our ohservation of co-localization of TGF-¢, MRNA
and profein in both inflammatory and neoplastic cells indicutes
thal TGF-u s directly synthesized by both cell compartmens,
Morcover, the strong TGF-w expression in neoplastic cells within
blood vessels st the edge of the twmours seems 1o support the
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hypothesis that production of this prowin is associated with
wmolr progression.

In conclusion, we would like to piopese deteotion of TGP,

Jrotein expression as 4 new marker t6 hekp pr
hehavidur of type I GEY adenocurcinomas at the fimé of ando
SEOPIC hmpw aned docide on thicir elinic ahrmn‘* rement, On biofog-
jcal émunclt we think that TGF-2 may eXert its bivlogical cffect by
a dual autocrine/puracrine mechanism, Fhis invites funther investi-
gmicm on the role of TGF-o.in other epithelial malignancics..
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