Virchows Arch (1998) 433:407-414

ORIGINAL ARTICLE

© Springer-Verlag 1998

James D. Mueller - Karl-Heinz Heider
Georg Oberhuber - Elke Mueller - Birgit Bethke
Manfred Stolte - Heinz Hofler

Comparison of CD44 expression in early colorectal carcinomas
of the de novo and ex adenoma types

Received: 11 May 1998 / Accepted: 9 June 1998

Abstract Small colorectal carcinomas without morphOmgtreduction

logical evidence of origin from an adenoma have been

called “de novo” carcinomas. As changes in the expr&b44, first identified in lymphocytes in 1982 [36], is a
sion of the adhesion molecule CD44 and its variantansmembrane molecule found to be present on a wide
have been described along the adenoma-carcinomavagiety of cell types, including those in epithelia, and the
guence in colorectal carcinoma, we compared patterngurhours derived from them. CD44 is a particularly inter-
CD44 expression in early de novo and ex-adenoma cadeting molecule, since, although it is encoded for by only
rectal carcinomas by staining specimens from a groupodie gene on chromosome 11, it is expressed in several
early (pT1) colorectal carcinomas by immunohistochewariant forms owing to both posttranslational glycosyla-
istry for CD44 (standard and variant forms v3, v5, vlipn and differential splicing of various exons [30, 35]
V7, v7/8, v10). We evaluated carcinoma, adenoma (&dhich add additional extracellular domains to the mole-
adenoma cases), transitional mucosal areas and appacemé: In keeping with its wide distribution and complex
ly nonneoplastic mucosa peripheral to the lesions (whetpression pattern, various functions have been identi-
present). A marked increase was seen in numbers andigd for CD44 including cell adhesion, cell-matrix inter-
tensity of standard and variant forms of CD44 in car@etions, signal transduction, and cell migration. Possibly
nomatous areas compared with nonneoplastic mucosanalogous with their function in lymphocyte cell migra-
both groups, with no significant difference between thien, CD44 variant molecules have been shown to confer
groups. However, adenoma areas of the ex-adenametastatic capability in rat tumour cell lines [8]. Homo-
cases and the transitional mucosa of the de novo carclogues of these variants have been found in several hu-
mas had nearly identical staining patterns. Together witlan malignancies, including non-Hodgkin’s lymphomas
data from other molecular studies, this may be interprEt8], breast [32], and the stomach [11], where they have
ed as evidence for an adenoma-type precursor lesioméen reported to be associated with tumour progression

so-called de novo colorectal carcinomas.
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and a worse prognosis [17, 20, 33].

Within the colon, CD44 is normally only weakly ex-
pressed, as the “s” or standard form in just a few cells at
the bases of crypts [15]. Variant forms of CD44 have
been found to be expressed in inflammatory conditions,
such as ulcerative colitis [28], and in neoplasms, includ-
ing adenomas and carcinomas [12]. A progression in the
numbers of variant forms (in particular v5 and v6) [26],
the number of cells that express these forms, and the in-
tensity of expression has been correlated with the so-
called adenoma—carcinoma sequence, with v5 appearing
relatively early in the adenoma stage and v6 appearing
later in carcinomas as a correlate of invasive and meta-
static potential. The expression of CD44v6 has been said
to be associated with a poor prognosis in colon carcino-
ma [25], and testing for CD44v6 has been proposed as
screening method for colon carcinoma [6].

Although the majority of colon carcinomas are
thought to arise via the adenoma—carcinoma sequence,
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which has been all characteized both mgphologically [3], including our avn [24], have defned them as cai-
[23] and ly molecular biolgy [37], thee ae reports in  nomas with a diameter of dn or less with subotosal
the litemture [19, 31], pimarly in Japan hut also in invasion and without elements of adenoma in their vicin
creasingy in Europe and Ameca, of colon cazinomas ity. Clinicopdhological studies hae indicded tha they
with no histol@ical evidence of oigin from an adeno behae moe agressvely than the usual xeadenoma
ma. Sub cacinomas hee been called “de no” carci- carcinomas, since tlye shav a higher fequeng of
nomas, since mphologically they seem to ase de lymph node metastases than deadenoma cainomas
novo from nomal colon nucosa. Fom a biol@ical of the same sge [2, 34].

point of viav, however, the concpt tha these caiino- Few molecular biolgical studies of de n@ colorec
mas might deelop without a pecussor lesion is dfi- tal cacinomas gist, but one of theseour avn stud/ of
cult, if not impossite, to accet and has led to aegenl p53 and bk2 protein epression [24], has skm a phe
lack of accetance of their xdstence in the \&sten notypic pofile tha fits in with the ¢nicopahological

world [5].

impression thathey are moe agygressve than &-adene

The dinical importance of these lesions lies in thena cacinomas of the same g& Since cdain splice
fact tha they become imasve & a small sie without varants of CD44 hae been said to be assdeid with an
forming a conspicuous pgboid lesion. Br this eason, increased metadia potential, and since the tpam of
they have piobaly been werooked in the past [22],ui  expression of the arious splice aiiants of CD44 has
with improvements in endoscgpand better pprecidion been desdoed for the adenoma—c@noma sequence
of their «istence they have been inaasingy descibed we undetook the pesent compative stug, with groups
[14, 19]. Although ther is no uniersally acceted dei- of pT1l de nwo and &-adenoma cainomas, using a
nition of de neo colorectal cacinoma, seeral studies panel of nine antibodie®if CD44 and its ariants to see

Table 1 Clinicopahological

data for the cacinomas. No. Sex Age Specimen Location (Sclrzne) G pT pN M Lb
De no/o cacinomas
1 F 80 Polypectonya Sigmoid 08 2 1 1 0 -
2 M 59 Polypectony Sigmoid 07 1 1 X X -
3 M 63 Polypectony Rectum 05 2 1 X X +
4 M 82 Polypectony Sigmoid 07 2 1 X X +
5 F 73 Polypectony Sigmoid 1.0 3 1 X X -
6 M 71 Polypectony Sigmoid 06 2 1 X X -
7 M 55 Partial resection ~ Ascending 1.0 2 1 1 0 -
8 F 57 Polypectony Sigmoid 1.0 2 1 X X -
9 M 62 Polypectony Sigmoid 08 2 1 X X -
10 F 75 Polypectony Rectum 09 2 1 X X -
11 M 67 Polypectony Sigmoid 09 2 1 X X -
12 M 83 Polypectonya Rectum 07 2 1 1 0 +
13 F 51 Polypectony2 Rectum 1.0 3 1 0 0 +
14 F 68 Polypectony Sigmoid 10 2 1 X X +
15 M 54 Polypectony Sigmoid 10 2 1 X X +
16 M 51 Polypectony Sigmoid 06 2 1 X X -
17 M 73 Polypectony Sigmoid 06 3 1 X X +
18 F 70 Polypectony Descending 0.7 2 1 X X +
Ex-adenoma cainomas
1 M 62 Polypectony Sigmoid 04 1 1 X X -
2 F 67 Polypectony Sigmoid 1.7 2 1 X X -
3 M 70 Polypectony Sigmoid 20 2 1 X X +
4 F 55 Polypectony Rectum 20 2 1 X X -
5 F 68 Polypectony Sigmoid 20 1 1 X X -
6 F 67 Polypectony Right flexure 1.9 2 1 X X -
7 F 65 Polypectony Rectum 20 2 1 X X -
8 F 70 Polypectony Rectum 19 2 1 X X +
9 F 54 Polypectony Rectum 20 1 1 X X -
10 F 74 Polypectony Sigmoid 19 2 1 X X -
11 F 79 Polypectony Rectum 1.0 2 1 X X -
12 F 77 Polypectony Rectum 15 2 1 X X -
13 M 42 Polypectony Sigmoid 20 1 1 X X -
14 M 81 Polypectony Sigmoid 3.2 2 1 X X +
15 M 69 Polypectony Rectum 30 1 1 X X -
16 F 86 Polypectony Sigmoid 19 2 1 X X -
17 M 57 Polypectony Sigmoid 08 2 1 X X -
. . 18 F 57 Polypectony Sigmoid 19 2 1 X X -
aFollowed by patial resection 19 M 64 Polypectonyc Sigmoid 1.2 2 1 0 0 +

b Lymph \essel inasior:
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Fig. la—f The imnmunohistobemical eaction br CD44v6 (anti tous aeas of thexeadenoma cainoma also she a raction. he
body VFF18) in a de ne (a—0) and an e-adenomad-f) carcino- nomal gpeaing mucosa of both types siwosome eaction in the
ma. The cacinomdous aeas of both tumour types sh@ stong crypt bases ol (c left-hand sidef right-hand side). Qginal may-

reaction. Te tansitional nucosa of the de o and the adenoma nificationsa x40,b x160,c x160,d x40, e x160,f x16C
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whether the xpression ptem of CD44 in the tw tu

mour types dffered In paticular, we wished to see

whether the xpression of CD44v6 as makedly strong

er in the de neo cacinoma goup, indicéing a geder

metastéic potential, and Wwether the xpression of the
various \ariants in diferent potions of the lesions (car
cinoma, adenoma, ansitional and nonneoplasticuco

sa) could povide ary clues as to the ain of the so-
called de nwo colorectal cacinoma.

Materials and methods

The 37 caseof stud/ consisted of paffin-embedled tissue fsm
18 de neo and 19 r-adenoma cola@ctal cacinoma specimens.
Most of the lesions are removed ty polypectony, and br some
of the lesions aditional pahological daa were available from a
subsequent ptal resection. Br this stug, a de ngo cacinoma
was deihed as a cainoma of 1.0cm or less in diameter (to mini
mize the possibility of tumour desittion of a pe-existent adeno
ma) with deinite invasion of the subocosa bt not bgond (pT1)
and without ap evidence of adenoma (legrade gsplasia) in the
adjacent mcosa. hie ex-adenoma cases also hagasion of but
not begyond, the submcosa (pT1l) and had deite adenoma ele
ments (lev-grade gsplasia) in the adjacentunosa. Tie tumous
in the de nwo group anged from 0.5 to 1.&m in diameterwith a
mean sie of 0.8cm. The poyps in the g-adenoma wpup were
1.81cm in average diameterwith a ange of 0.4-3.Zm. The car
cinomas in the xeadenoma up were not measwd, but eah
was smaller than the pgd tha contained it.

The dinical data of the ptients and TNM [assiication of the
lesions in the studare shavn in Table 1.

All antibodies br immunohistobemisty were geneeted ty
immunizing BALB/c mice with a glutthione Stranskrase fusion
protein containing the humamafant CD44 potion v3—-v10. he
exon-speciicity of the antibodies was detemined ty ELISA and
Westen blotting against defned CD44 fusion mteins and syn
thetic petides as desitred peviously [18]. The fllowing antk
bodies vere used: SFF304 (pan-CD44; fg/ml), VFF327
(CD44v3; 5ug/ml), VFF8 (CD44v5; 50@g/ml), VFF4 (CD44ve6;
1 pg/ml), VFF7 (CD44v6; lg/ml), VFF18 (CD44v6; 25ag/ml),
VFF9 (CD44v7; 5ug/ml), VFF17 (CD44v7/8; 1Qqug/ml), and
VFF16 (CD44v10; 1qug/ml). The optimal antibog concentation
for eah antibog was detamined ly staining of skin kratino-
cytes. The thee CD44v6-spedif antibodies ecagnize different
but overlapping itopes within &on v6, with VFF18 shwing the
highest and VFF7 theleest antibog affinities [13].

Prior to incubaion with the pimary antibod, paaffin sections
(2—=3um) were deparaffinized in Rotihistol (Roth, Genary) three
times br 10min ead and thenehydrated in alcohol in a déin-
ing sefres of concenations. The sections ere then heied in a
microwave oven in an antign retrieval buffer (DAKO, Denmak)
accoding to the manfactuer’s instuctions. Staining as pef

formed in a [AKO TechMate 500 staining system using the bi

otin-avidin-peroxidase detection system ABO ChemMae). A

Results

In geneml, an incease in the umbes of CD44 \arants

expressed and their intensity could be seen in both the

ex-adenoma and the devmgroups fom peipherl mu-
cosa with a nanal gpeaance twards the carinoma
(Fig. 1, 5). The most fequenty expressed drms were
CD44v6 (antibogl VFF18) (Rg. 1), pan-CD44 (antibod
SFF304) (k. 3), CD44v5 (kg. 2) and CD44v6 (ami
bodies VFF4 and VFF7), hile variants v7/8, v7 and v10
were only expressed in adv cases in the tw groups.
CD44v3 shawved weak to modeate expression in onf a
very small umber of &-adenoma cases.h& overall
trend in tems of umbes of cases and singth of &-
pression of CD44 and itsavants was not makedly dif-
ferent betveen the tw groups. In both gups thee was
an incease in cainomaous tissue compead with nor
mal for pan-CD44, CD44v5 and CD44v6 (seig.Fb),
only a minor incease ér CD44v7/8 and CD44v7, and
no noticeale increase ér CD44v10 and CD44v3.
Evaludion of the p#tem of staining with the arious
antibodies evealed thathe nucosa with a nonal g-
peaance had hongeneous staining lich was seen in
the ciypt bases in the pipheral gpaently nomal mu-
cosa (kg. 1) and in the full thikness of the &msitional
mucosa adjacent (within 3—4ypts) to the caiinoma
tous or adenontaus aeas of the lesions. In both adeno
mas and (in paicular) in cacinomas, the pgéem of
staining vas quite hetegeneous (k. 3). No corelaion
was bund betveen gade lymph node stais or pesence

Fig. 2a,b The imnunohistotiemical eaction br CD44v5 (ant »
body VFF8) ina de nwo andb ex-adenoma cainomas. he e
action in the de n@ cacinoma is stng in the adjacentanst
tional mucosa and modate in the catinoma. e eaction in the
ex-adenoma cainoma is veak in the adenomaight-hand side)
and stonger in the catinomdous aeas (left-hand side). @inal
madnifcationsa x80,b x16C

Fig. 3 The imnunohistodiemical eaction br pan-CD44 (ari
body SFF304) in a de Mo cacinoma demonséting maked het
erogeneity in the carinoma with the sangth of eaction warying
from negative to stongly positive. Original magnification x16(:

Fig. 4 A case of de me cacinoma with imnunohistotiemisty
for VFF18 (CD44v6). e reaction in the ansitional nucosa ad
jacent to the cainoma is stwng while the eaction in the caino-
ma is ony weakly positive in focal aeas. Qiginal magnification

negative contol was perbrmed with eab of the cases (using anFig. 5 Compaison of CD44 gpression in the de mvo and &-ad

isotype-méched mouse mondmnal antibog instead of the pma-
ry antibody), and a skin biopsy sampleaw perbrmed with eab
antibod as a positie contol.

The staining eactions wre esaluged indgendeny by two
obsevers. Eat case s @aluaed in a maxiram of four aeas;
carcinoma (pesent in all cases), adenomae@ent in all -adene
ma cases), theansitional nucosa diectly adjacent (within 3—4
crypts) to cacinoma or adenoma and nonneoplasticcosa on the
petiphety of the section. fie eaction vas scoed semiquantita
tively as to its intensity (rggtive, weak, modeate or stong), its
patem (heteogeneous or hongenous) its fequeng (percentae
of cells staining) and its diglution (supeiitial vs de@ pottion of
the cipt). At least 10% of cells with a deite reaction in a tyen
area vere required to dassify an aea as posive.

enoma carinomas ly histolaical ara. The imnunohistobiemical
reactions ér pan-CD44 andarnants v3, v5, v6, v7, v7/8 and v10
in the de nwo and &-adenoma cainoma goups. e \arious an
tibodies ae shavn for ead histol@ical ara along thex-axis 6
pan-CD44 antibog SFF304,3 CD44v3 antibog VFF327, 5
CD44v5 antibogl VFF8, 6a CD44v6 antibogl VFF7,6b CD44v6
antibod/ VFF4, 6¢c CD44v6 antibogl VFF18,7 CD44v7 antibogt
VFF9, 7/8 CD44v7 and CD44v8 antibgdVFF17,10 CD44v10
antibod/ VFF16), and the umber of casewf eat ara along the
y-axis. A piogression in the mmbes of CD44 warants and the in
tensities of staining isvedent for both goups. Similaities be
tween the calinoma aeas of the tw groups and the adenoma of
the ex-adenoma and theatmsitional nucosa of the de vo group
are also see:n



411

de novo Carcinoma

o
=
0
X
=
~
] K <
= = g
=] Ive) [=}
£ £
&) s} 6]
)
@
2e¥IdCwoe vaao
= &
Z o+ g < -
s 2 8 & 2 £
2 20 5 g
= s g 3 IS =
— g 8 8§ @ g
cn b=} 12) o
= 2] =} z =] <
=i
: HE U
=)
=
®©
X
=
—_ ~
g o E
2 © ke
= 2 =
S < &
g & g
= 7S =
o
@«
o =
— )
® =
2 N 2 ~
7 ~ 3
) . s &
rH & =9 2
3 o 3 8
=4 o = o
= ] < B
1} O s}
Z Z. w
Laal
w

5

3

ex-adenoma Carcinoma

CoonNObLT®mN—O



412

of lymph \essel inasion and the xpression of CD44 reactvity was seen tharof either SFF304 (pan-CD44) or

and its \anants.

VFF8 (CD44v5). Tis finding could be xplained ly the

When the diferent apas of the cases in the dw fact tha VFF18 has a higher fadity for its gitope than

groups vere compaed the cazinomdous aeas of both

groups vere found to shw strong epression of pan-

do CD44v6-specié antibodies, Wwich were geneally
used in pevious studies, and is thefore ale to detect

CD44, CD44v5 and CD44v6 (VFF18) with no obser even a lav level of CD44v6 &pression [13, 29].

able differences beteen the de n@ and &-adenoma

types. The adenontaus aeas of the xeadenoma up
and the ansitional nucosa of the de o group shaved
a \ery similar patem of expression (k. 5). The rum-

The frst goal of this stugl was to see hether de
novo cacinomas, Vinich have been eported to hae a
higher ate of ymph node metastases than typicabe-
enoma catinomas of the same g@[34], had a stmger

bers of cases and the intensity of staining of these tar more frequent ate of epression of CD44v6, hich

areas (pan-CD44, CD44v5 and CD44v6psvnedy
identical, while the tansitional nucosa of thexeadene
ma goup had rach less &pression than this aa in the
de nwo goup. A few cases in the de wo group een

has been coelated with metast#c potential in cell lines
[8] and colon catinoma [25, 38]. Tis was not the case
Compaison of both the cainomdous aeas and thepa
parently nonneoplastic ncosa distant &m the catino-

had a peaadaically higher e&pression of CD44v6 mas or adenomas shied the same pi@m and intensity

(VFF18) in gpaently nomal mucosa than in the dict
ly adjacent caiinoma (kg. 4).
Also stiking was the diference in stainingaactions

of CD44 staining (both pan-CD44 andrant forms, in
cluding CD44v6) in both igoups. In adition, we sav no
correldion between CD44v6 staining angrhph \essel

with the thee antibodiesdr CD44v6; VFF18, VFF4 andinvasion in either gpup.

VFF7. VFF18 shaved a fequenyg and intensity of stain

The second gal of this stugl was to see hether the

ing tha were even higher than those seen with SFF30éxpression pdem of CD44 and its ariants could po-

while VFF4 staining s someha less ponounced
than CD44v5 staining and VFF7 sired staining in oyl
a few cases, and it as ony of modeste intensity These
differences in staining intensitieseanlso eflected ly
the in vito propeties of the thee antibodies, here
VFF18 shavs the highest éihity for CD44v6 [13]. Con
trary to a pevious eport [15], this high-afinity antibod/
shaved deinite, stong staining ér CD44v6 in the p
parently nomal nmucosa of seeral cases (igs. 1, 5). No
cormeldion was seen betgen staining dr CD44v6 and

vide some inbrmation about the possie metanism of
origin of the de nwo cacinoma. In paicular, we were
looking for ary obsevable difference betwen the tw
groups tha might point to an altexde cacinogenetic
medanism 6r de n@o cacinoma. In this egard, an in
teresting £aure emeges when the pdems of CD44 g-
pression in the dierent histolgical aras of the tw
groups ae compaed as shen in FHg. 5. A progressve
increase in the umbes and intensity of xpression of
CD44 and its arants is seen in both thex-adenoma

lymph \essel inasion identied on H&E-stained tissueand de neo groups. he transitional nucosa of thee

sections.

Discussion

This stud is the frst to desdbe the p#tem of expression
of CD44 and its ariants in a goup of de nwo coloectal

carcinomas in comp&on with a goup of &-adenoma

colorectal cacinomas of the same daistage (pT1). Pe-

vious studies [26, 38] of CD44xgression in the colon

have tied to corelae tumour deelopment and gres
sion along the adenoma—cemoma sequenceylstudying
the &pression of pan-CD44 angrmaiily, the \arant
forms CD44v5 and CD44v6 in samples gipaently
nomal epithelium, adenomas ofaious stges and cani-
nomas. he gneal pdtem thad has emaed is tha

adenoma gup shavs a slighty increased epression of
CD44, a inding thd has been desbed peviously [7]
and has gneally been thought to be a secondaiffect
of tumour similar to other mgohological and imnuno
histodhemical dianges in tansitional nucosa, Viich
have been desilyed etensvely [4, 9, 16]. Un&pected
ly, hawever, the tansitional nucosa of the de no group
shoved a high gpression of CD44, hwich was nedy
identical to th&ain the adenoma aas in the eradenoma
group. The most lilely explandion for sud a similaity
is tha the “transitional” nucosa of the de wo lesions,
which gppeas to be namal or eactve in outine histole
gy, represents emnants of an adenoma or adenoma-lik
precusor lesion. © dde, few studies hee investigated
molecular gnetic dnomalities in de neo cacinomas,
but the aailable daa indicae thd the same gnetic loci

CD44s is xpressed eldively ealy along this sequence as ae impotant for the adenoma—c@inoma sequence
then CD44v5 in adenomas, and then CD44v6 in adesad as p53 and adenoitoas poyposis coli (APC), &

mas with high-gade ¢splasia and in camoma. At
though our stugl is not diectly compasble with these
ealtier investigations, we sav a similar topgraphical po-
gression of gpression of CD44v5 and CD44véom pe

also irvolved in the casinogenesis of these lesions [1,
10]. It has beenypothesied tha the so-calledlat ade
noma of the colon is the kly precussor of de nwo car
cinoma [27], with the essential tifence fom the “con

ripheral mucosa with a nonal gpeaance to adjacentventional” adenoma—ceainoma sequence being thaa

transitional nucosa and then to adenoma andticama.
An exception to this p#em was seen in ouresult r
CD44v6 using the antibgdvFF18, in thamore frequent

lignant tansbrmation occus & a much smaller sig,
without a signifcant poypoid gowth component. Our
own dda, shaving a signifcantly higher ete of p53 po-



tein overexpression in de nm versus &-adenoma cai-
nomas [24], suppotthis idea. he finding thd both fat
adenomas and de v cacinomas hee \ery low rates
of K-ras mutation compaed with poypoid adenomas
and &-adenoma cafnomas [21] mg be a tue to the
undetying cacinogenetic mebanism, in vinich key mu-
tations of ggnes sue asp53occur nuch ealier than nor
mal and esult in malignant ansbrmétion, bebre other
mutations, sub asK-ras, which are impotant for poly-
poid gowth, hare occured

The esults of the mrsent stug point to a similaty in
the cacinogenetic pghways of de ngo and &-adenoma
colorectal cacinoma with egard to CD44 &pression and
suggest the ristence of an adenoma-dikprecuisor lesion
in the deelopment of so-called de wo cacinoma. As a
consequencgefrom a biolagical point of viev, the tem
“de novo”, which is based on the lesi@nhistomopholo
gy, is ingpropriate. However, it is impotant to sparate
de nwo cacinomas fom the usual colectal cacinoma
developing flom polpoid adenomas since thare moe
difficult to detect endoscopicglland nust be caefully
sought. ey have also undgone malignant ansbrma
tion & a nmuch smaller sie than usual. CD44xpression
cannot eplain this edy transbrmation, kut ongping
compastive molecular gnetic studies of de w0 versus
ex-adenoma cainomas mg provide impotant dues.
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