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Abstract In situ duct carcinoma (DCIS) is a heterogeases are grouped into well-differentiated (type 1) and
neous group of lesions which has recently been subdivpdorly differentiated (type 1ll) cases and cases with an
ed into three types: well-differentiated (type 1), interméatermediate (type Il) differentiation [7]. These types ap-
diately differentiated (type 1) and poorly differentiategear to differ in several ways. It has been shown that
(type 1ll) DCIS. Fourteen cases of DCIS and 11 of DCi&ammomatous calcifications [7], which precipitate on
with minimal invasion were analysed for mRNA levelacidic proteins [5], are seen mostly in type | DCIS, while
of B-actin, EGFR, c-cerbB2, MTS1, k-ras, RB, BRCAdranular calcifications [6], in which calcium salts deposit
cyclin E andc-mycgenes. A microdissection techniguen DNA fragments [5], are almost unique to type Il
was used on paraffin-embedded tissue. A statisticallCIS [1, 17]. A high proliferative index [1] and positiv-
significantly higher expression af/clin Eoncogene and ity with p53 [1] and c-erbB2 [3] proteins are mostly seen
MTS1tumor suppressor gene was seen in type Il DCits poorly differentiated DCIS. Oestrogen and progester-
than in the other types, while no significant differencese receptors [1] and Bcl-2 protein expression [8] are
in the mRNA expression patterns of the other genes wseen in nearly all cases of well-differentiated DCIS. In
observed. These data are consistent with the fact W@ntrast, progesterone receptors [1] are present in no
poorly differentiated DCIS is a readily recognizableewer than 12% of poorly differentiated DCIS. BC1-2 is
class of tumours that have a particularly aggressive bapressed in only 46% of poorly differentiated cases,
haviour and probably unique histogenesis. which, however, express Bax protein more frequently

[8]. It appears, then, that there are two distinctly different
Key words Breast intraductal carcinoma - EGF receptogroups (types | and 1ll), while type Il is ill defined, em-
c-erbB2 - Cyclin E - c-my© bracing cases that share characters of well or poorly dif-
ferentiated DCIS at different times. In an attempt to
achieve better definition of the intermediate (type II)
Introduction group, we studied a series of 25 cases of DCIS (14 cases)

and DCIS with invasion, to test the expression of some
In situ ductal carcinoma (DCIS) of the breast is an iof the genes involved in the oncogenesis at mRNA level.
creasingly important clinical problem, as a consequeriiee genes analysed in paraffin-embedded tissues from
of widespread mammagraphic screening. Several clabseast biopsies were the oncogei#aFr, c-erbB2,cy-
fication systems for DCIS are in use. Recently a groupadin E (CE), c-myc¢ and k-ras the tumour suppressor
European pathologists has proposed a new classificatiemesMTS1 (p16) and BRCAL, and the retinoblastoma
based on cytonuclear differentiation. According to thiRB) gene.
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L. Losi - V. Eusebi ()t University of Bologna at Bellaria Hospital. All 25 cases had DCIS

as a major component. These were classified according to Holland
et al. [7] into 8 well-differentiated cases (Fig. 1), 7 intermediately

differentiated cases (Fig.2) and 10 poorly differentiated cases
Mailing address: (Fig. 3). In 11 of the 25 cases there was an invasive component,
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pighi”, Ospedale Bellaria, Via Altura 3, 1-40139 Bologna, I aly  to Ellis and Elston as seen in Table 1. Comedo-like necrosis in in
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Fig. 1 Well-differentiged (type I) in situ duct camoma. Nutei
are monotonous and cell polaed H&E, x17¢

Fig. 2 Intemediaely differentiged (type Il) in situ duct camo-
ma. Nudei are iregular and shw an &ident rudeolus. A distinct
cell polaization is distincty visible. H&E, x17&

Fig. 3 Poory differentiged (type Ill) in situ duct cainoma. Nu
clei are makedly irregular, and mudeoli are pominent. No cell
polaiization is seen. H&E, x2C3

situ lesions was also taén in account, as itas pesent in 11 pa
tients (10 cases of type Il DCIS and 1 case of type Il DCIS).
Ten 6um sections wre obtained fom ead formalin-fixed

Table 1 DCIS with micioinva-
sion OCISduct cacinoma in
situ, DCI duct cacinoma iva-

Case DCIS type DCI grade

sive, N.V. not evaluable, very 1 2 2
small DCI, TUBUL. tubular 2 2 1
carcinoma, 33 2
4 3 2
5 3 N.V.
6 3 3
7 2 N.V.
8 3 3
9 3 3
10 1 TUBUL.
11 3 2
Table 2 Oligonudeotide sequencrs
Name Type Sequence
B-Actin 1 Sense agggccaaccgcapasagatga
B-Actin 2 Probe cccajatcatgtttgagaccttcaacaccc
B-Actin 3 Antisense tggatagcaacgtadagctg
MTS1-1 Sense atgtgccacgtacctgce
MTS1-2 Probe agaggcagtaaccégcccgcagat
MTS1-3 Antisense ttcadcggggatgtctoa
EGR1 Sense ggctctgyaggaaa@aad
EGH2 Probe tttgcca@gcacggtaaca
EGH3 Antisense tcaaagtgcccaactgegt
e-erbB2 Sense tgtctgadtctcccgea
c-erbB2 Probe agcgctttgtgytcaccaga
c-erbB2 Antisense aaygtgctgtccagggactg
CE1l Sense gtgctcacccgecegt
CE2 Probe acccggtccacgggatgconagga
CE3 Antisense gccgcecgtectecttda
BRCA1 Sense ctgtctgyegttgatcaayg
BRCA1 Probe gcaadtttgcegctgaaacttcte
BRCA1 Antisense aggccctttettctgtt
c-mycl Sense ttctctgraaygcetctec
c-myc2 Probe cgctgpatttttttcgggatgcccctcaa
c-myc3 Antisense tcgaggtcaagttcctg
k-rasl Sense gagggctttctttgtgta
k-ras2 Probe gaagatattcaccdtatagagaacaa
k-ras3 Antisense cttcagagtccttaactctt
RB1 Sense ctcacctccctyttgctca
RB2 Probe asgaaccsataaaacgctgttdaccc
RB3 Antisense ctatccgtgcactcctgttc

with the highest ndear gade vere dissected hen the casepa
peaed gtologically heteeageneous. In caseshgre micoinva
sion was pesent, ca was talen to dissect cellsdm aeas locted
away from the iwvasive pat. All specimens wre anaysed br
mRNA level of B-actin, EGF, c-erbB2, MTSX11 cases)k-ras,
RB, BRCA1, CEandc-myc.

Total RNA was atracted fom paaffin-embedied tissues as
previously descibed [13, 14]. r every gene three oligonudeo-
tides were synthesied, two of which were mMRNA sense and one
antisenseFor all the sequences studied tirstfsense and the anti
sense olignudeotide were in two successe eons of the gne
and thg were used ér amplification of the sequenc&he second
sense olignudeotide spanned the ihcled inton and vas used as
a pobe br the amplifed product. The sgments of mMRN) studied
were \ery shot, between 75 and 100 baseshél oligonudeotide
sequences arreported in Table 2.

After spectophotometic quantitaion, all mMRNA specimens
were diluted to the same conceation, so thathe same quantity
of taget RNA was useddr ead sample (40dg of total RM).

paraffin-embedled Bock. From these aras coresponding to the The RMAs were treaed with 2.5U of AMV reverse tansciptase

DCIS component wre miciodissected [11]. Accdingly, aras

(Promega) in 10pl final volume containing fis-HCI pH 8.3 (42°



C) 50mM, 50mM KCI, 10mM MgCl,, 10mM DTT, 0.5mM

spemidine 1 mM dNTPs and 1pmol of davnsteam antisense

primer. Reaction vas poceeded ©842°C for 60min. The amplif-

caion was perbrmed ly adding 40pul of master mix containing 10

mM of Tris-HCI pH 8.3, 55mM of KCI, 15pmol of upsteam
sense pgmer and 1.2J of AmpliTag Plimerase (Rrkin-Elmer).
After a denéuration stg of 3min a 95°C, 5 gcles of 95°C/1
min, 55°C/1min, 72°C/1min and 35 gcles of 95°C/30s, 55°
C/30s, 72°C/30s were perbrmed in a Ween lock appaitus
with heded caver system (Ecomp).

The amplifcation fragments vere tested % dot Hot hybridiza-
tion using as mbe the intaral oligonudeotide labelled with32P-
ATP (Amesham) using T4-®linudeotide Kinase (BioLbs). Hy
bridization was perbrmed in SSC 6X, 0.25% palered milk &
50°C for all the pobes it MTS1, k-as andc-myc, which were
hybridized a 55°C. The single spots are cut fom the mem
branes and counted infacounter (Bakman).

For the elaive quantitéion of ary mRNA the lineaity condr
tions betveen the Ig of the taget RNA and the Ig of the amplii-
caion products vere anaysed as eported elsavher [15]. For all
the sequences studie4D0Ong of total RM\ with 40 g/cles of am
plification were in the ange of lineaity condition. The results
were standatized for the level of RNA degradaion for eatt sam
ple on theB-actin quantity (ont for B-actin were the lineaity con-
ditions eated with 10ng of total RM for eah sample).

A competitve quantitéive anaysis is not gailable for RNA in
paraffin-embedled tissues, because of thefeliént level of degra-
dation among diferent tissue samples. iyative contpls with par
allel extraction and R-PCR out of paffin block without tissues
were caried out.

For stdistical anaysis Studens test vas perbrmed

Results

Correlaions were sought beteen levels of expression of
the tested gnes and the the types of DCISThe \ara-
tion among diferent goups vas especiajl evident for

109

MTS1andCE, hut also br theEGH andRB genes. hie
expression of CE was high ony for type Il DCIS
(P<0.001; Hg.4). The tumour supmssor MTS1 was
highly expressed ol in type 1ll DCIS and the leel of
expression vas higher in all the type Ill cases than in the
other two types P<0.01; Rg.5). The EGH and RB
genes vere on &erage moe highly expressed in type Il
than in types | and I, i without a ¢earcut difference
(Figs.6, 7). For EGH the diference vas & the limit of
stistical signifcance P<0.05), and dr RB the difer-
ence vas not signitant.

Varation of expression vas not bund Pbr the once
genesk-ras, c-nyc and c-erbB2or for the tumour sup
pressor gne BRCA1 The level of expression ofk-ras
was lav in all groups, it in 2 cases of type 11l DCIS the
level of expression vas 5 times than the other cases.

The elaionship between the testedemes and the
presence of inaductal neasis in tumows was also
studied A positive corelaion with necosis was stésti-
cally not signifcant for the RB gene (kg. 8), but was
more evident for theCE gene P<0.001; kg. 9).

We also beded for corelaions betveen gne &-
pression and assot¢&l stomal invasion. On weerage,
the RBandc-erbB2genes vere expressed mar stongly,
in the cases assotgal with stomal irvasion, lut this
comrelaion was not stastically significant (Rgs. 10, 11).
Stromal invasion vas also elaed to lov EGH gene &-
pression (kg. 12), hut this diference vas not stastical
ly significant.

Fig. 4 Reldive standatized 2000 200
quantitaion of ¢yclin E mRNA 1800 " 180 4
in different types of DCIS 1600 160
1,2,3 1
1400 140 4 M
Fig. 5 Relaive standatized 1200 - 1204 2
quantitaion of MTS1 mRM ¢ . ¢
in different type of DCIS r‘; 1000 . P100 ¢
1,2,3 800 . ™ 804 *
Fig. 6 Relaive standatized 600 * 60T =
quantitdion of EGF mRNA in 400 i 40+ 1 =
different type of DCISY, 2, 3 200 ' . ) 204 * »
Fig. 7 Reldive standatized 0 2 0 :
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Fig. 8 Reldive standatized quantition of RB mRM in breast
in situ duct cacinomas with Yyeg or without 10) intraductal ne
crosis

Fig. 9 Reldive standatized quantitdon of c¢yclin E mRNA in
breast in situ duct camomas with yes or without o) intradue
tal necosis

Fig. 10 Reldive standatized quantitdon of RB mRM in breast
in situ duct cazinomas with yes or without (o) stromal invasior

Fig. 11 Reldive standatized quantittion of c-erbB2 mRM in
breast in situ duct camomas with ye9 or without o) stromal
invasior:

Fig. 12 Reldive standatized quantition of EGF mRNA in
breast in situ duct camomas with ye9 or without o) stromal
invasion

Discussion

The aim of this stug was to tamcteize the diferent
DCIS types, as difed by Holland et al. [7], fom a me

the tissues &rm breast biopsies containing DCIS adniv
ous types and studied the mRMevels of seeral genes.

The MTS1 gene vas moe highly expressed in all

cases of type lllxamined than in cases of the better dif
ferentiged DCIS CE seemed to ltaracteize the less
well differentigded goup. In these cas€3E always had a
higher level of expression than in type | and Il DCIS; it
has beeneported for invasve breast cancer theCE is
overexpressed in high sggs and tades of tumouw [9].
It seems thiathe same phenomenon is seen inaiddictal
carcinomas. In our caseSE overexpression vas bund
only in pooty differentiged DCIS CE was also posi
tively corelated with intaductal nearsis, which was
present mosyl in type Il DCIS and s elaed to an iR
creased xepression ofRB. This was also assodiad with
stromal irvasion, mosil in pooty differentigded tu
mours. Therefore, it seems thaRB overexpression in
these cases is connected with enactvely proliferating
DCIS and might epresent a e phase of tumour pr
gression in the same lesions.

A suiprising result was bund br the cell memtane
proteins, EGF and c-erbB2. EGFappeaed to be hight
expressed in type Il DCIShut had a lav level of ex-
pression in those cases irhieh stomal invasion vas
present. In the same cases a higpression ofc-erbB2
was also pesent. This type of iversion betveenEGH
and c-erbB2 had alead/ been shan a protein lesel
[12]. It is possile tha these tw onc@enes, vimen stud
ied in combindon, might pedict which DCIS is moe
prone to ivade the beast stoma.

The oncgenek-ras expression vas inceased omnl in
2 pooty differentiged DCIS and in both cases the-e
pression ofc-erbB2was also ery high. Expession ofk-
ras might be stictly related to the actiation of the he
morymous signaling gaway [2], and in this espect
might be connected to the signainisduction actated
by c-erbB2overexpression.

No difference vas seen in thexpression ofBRCA1
and c-nmyc, in keeping with the &ct tha the level of c-
myc RNA expression has beergorted to be nanal in
all the beast cancer cell lines studied [18].

Therefore, it seems thiatype Il DCIS difers from the
other types of DCIS (I and II) in kimg stdistically sig
nificantly higherEC and MTS1expressions. fiese d&a
are consistent with theatt tha pooty differentiaed
DCIS ae a tass of tumouws thd deseve recaynition as
having more agressve behaiour than the other types
[4, 10]. Types | and Il a linked by similar molecular
patems, which probably indicde a common hisgene
sis, in contast to type Il DCIS; this iseneticaly differ-
ent. Consequentlthe poposal of thee dasses of DCIS
[7] appeas to be consistent with thegwment d&. Type |l
DCIS, which is geneticaly related to well-differentiged
DCIS, is piobaly the esult of a dedferentigion phe
nomenon. In spite of theegetic link, type Il DCIS d#
fers from well-differentided forms, as its biolgical be
haviour is far moe agressve [10]. Therefore, it seems
tha the subdiision of DCIS into thee dasses is sup

lecular point of viev. Accodingly, we miciodissected ported by both genetic and linical data.
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