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Since the CD44 variant 6(v6) molecule has been noted as a marker for tumor metastasis andgp
nosis in several tumors, we examined whether or not v6 is a useful marker for evaluating the
prognosis of panceatic cancer patients. In addition, we attempted to assess the clinicopathological
implications for pancreatic cancer of the variant 2 (v2) isoform using aecently developed mono-
clonal antibody against a v2 epitope. The expssion of CD44 variants was evaluated immunohis-
tochemically in paraffin-embedded panceatic cancer tissuesrbm 42 patientswho were confirmed
surgically and histologically to havereceived curativeresection. An indrect immunope oxidase
method was used with monoclonal antibodies against epitopes of the standard (CD44s) portion, v6
and v2. Rotein expession data wee evaluated statistically for any corelations with the length of
survival or with histological parameters. The expession of CD44v6 and v2 was observed only in
tumor cells, if at all. On the other hand, expession of total CD44 (including CD44, as well as
CD44s) was observed in both tumors and adjacent normal sitesumor tissue fom 21 (50%) and
16 (38%) patients showed positive immurm@activity with mAb 2F10 (anti-CD44v6) and mAb
M23.6.1 (anti-CD44v2), respectivey. The expession of CD44v6 and v2 was coglated with
deaeased overall survival(P=0.0160 andP=0.0125, respectively). A significant corelation was
obtained between CD44v2 peptide expssion and vessel invasioPE0.026). Thesaesults suggest
that CD44v2 and CD44v6 may be useful markers for poor qognosis in curativelyresected pri-
mary pancreaic cance.
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try

CD44 is a heavily glycosylated cell surface moleculecame from the demonstration that transfection with cDNA
which is involved in cell-cell and cell-matrix interac- encoding this isoform conwed non-metdatic carcinoma
tions"? and mediates several functions, such as extrarat cells into metastatic cefisAlthough the functions of
cellular matrix cell adhesioh? lymphocyte homing.® CD44v isoforms in humans remain unclei is thought
T cell activatio® and tumor metastasi®) The CD44 that CD44v isoforms play an important role in the growth
family of polymorphic transmembrane glycoproteins is and metastas of several kinds of tumo#s®® It has been
encoded by a complex g€erfe® that occupies a stretch demonstrated that the disturbed activity af €@D44 gene
of 60-80 kD assigned to the human chromosomal locugn malignant tumors results in the accumulation of imma-
11p13. Its human form is composed of at least 21 exonsure mMRNA transcripts containing intrdh$” from the
10 of which are constitutively expressed on almost allCD44gene. Moreove in a recent stuc?® direct compari-
cdl types to produce a heavilylygosytated 85-90 kD son of Sothern blds with wedern Hots from matched
isoform known as standard form CD44s (Fig. 1). Thetumor cell line extracts indicated that most of the diverse
remaining exons can be alternatively spliced in variousmRNA isoforms are not detectably translated into pro-
combinations, and their products are incorporated into théeins. These findings, together with data from reverse
polypeptide backbone encoded hle standard form transcription-polymerase chain reactioRT{PCR) and
exons. This results in artge array of protein isoforms western blot analysis, show that the overexpression at the
(CD44v) which are dferentially expressed in various tis- protein level involves only a minority of aberrant RNA
sues and at various stages in developrient. transcripts.

Recent, it was demonstrated that the expression of Recent clinicopathological studies have revealed that
one variant isoform of CD44 distinguished metastat the expression of individual variant exons is associated
from non-metastic pancredt carcinoma délines in the  with poorer prognds in several mgnancies; for exam-
rat® Evidence that CD44v itself has a role in metastasigple, that of exon 14 (v9) is increased in gastric adenocar-
cinoma?? that of exon 11 (v6) in colon, breast,??>%) and
5To whom correspondence should be addressed. pancrea¥ 2 cancers, and that of exon 7 (v2) in breast
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Fig. 1. Map of the CD44 gene products. CD44 variant exons are alternatively spliced into the mRNA strand corresponding to the
standard form. Therefore, positive staining with mAb 2C5 against the epitope of CD44 standard portion indicates the peegéim exp

of all CD44 isoforms, including CD44v as well as CD44s. Monoclonal antibodies, mAb M23.6.1 and mAb 2F10 recognize the peptides
encoded by the variant exon 2 and variant exon 6, respectively.

cancef® On the other hand, several reports have providedo 76). Twenty-seven patients were male and 15 were
data indicating that CD44s expression is associated witfiemale. Patient distribution by stage according to UICC
longer survival in neuroblastoma and decreased expreslassification (UICC, 1987) was: stage I, 5 patients; stage
sion of CD44v6 is correlated with decreased survival inll, 3 patients; stage Ill, 27 patients; and stage IV, 7
laryngeal squamous carcinorfihlt is difficult to interpret  patients. In the present study, we did not include patients
this large body of information and to compare the variouswith metastases to distant organs. However, some patients
studies. However, it seems reasonable to say that there Ied metastases to lymph nodes far from the pancreas and
clear organ specificity in the expression of tB®44  these were removed because our surgical team performed
gene. with curative intent. Such metastases are defined as one
Based on this background, we studied the correlatiorof the categories of distant metastases (LYM) in the UICC
between the expression of CD44 variants and survival irclassification. Consequently, our cases with curative
patients with pancreatic adenocarcinoma, which has theesection included stage IV cases who belonged to the M1
worst prognosis of all gastrointestinal cancér¥) We category with LYM factor.
analyzed the correlations between clinicopathologicalClinicopathological indices Staining results in primary
indices and immunohistochemical staining for surgicaltumors were compared with clinicopathological features,
specimens curatively resected from primary pancreatiéncluding tumor-node-metastasis (TNM) staging, grading,
adenocarcinoma using several monoclonal antibodiestumor localization, tumor diameter, vessel invasion, lym-
anti-CD44s, anti-CD44v6 (exon 11) antibody and aphatic invasion, nodal status and sex. Since histology
recently developed anti-CD44v2 (exon 7) antibody whoseoften varied within the same tumor, the histological grad-
specificity for the CD44v2 epitope has been confirmed bying of the cancer was based on the dominant pattern.

Borgyaet al®? Immunohistochemistry Three micrometer sections were
cut on silane-coated glass slides (Muto Pure Chemicals,
MATERIALS AND METHODS Tokyo), deparaffinized in xylene, dehydrated through a

graded series of ethanol, and washed in running water.
Tissue specimens Samples of formalin-fixed, paraffin- These sections were then treated with Serotec Target
embedded tumor tissue from 42 invasive pancreatic addJnmasking Fluid (STUF; SEROTEC, Oxford, UK) for 10
nocarcinomas surgically resected between 1990 and 199%in in a 600 W microwave oven and left to cool for 15
at the National Cancer Center Hospital, Tokyo, were studmin. Sections were rinsed in 2 changes of deionized water
ied. All patients were confirmed to have received curativeand phosphate-buffered saline (PBS), and preincubated
resection after intensive histological exploration, and nowith 20% normal rabbit serum in Tris-buffered saline
patients had distant metastases at the time of operatio(iTBS) at 37°C for 60 min. After having been washed with
The median age of the patients was 58.9 years (range: 4IBS, separate sections were incubated with the primary
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Fig. 2. Immunohistochemistry of pancreatic cancer tis-
sue and the adjacent normal pancreas. (A) HE staining
for the tissue X40). Black and white arrows reveal can-
cer tissue and normal pancreas respectively. High mag-
nification (x400) at both cancer tissue (B) and normal
pancreas (F). Both cancer tissue and normal pancreas
were stained strongly with mAb 2C5 to CD44s (C, G).
Cancer tissue (D) was stained with mAb 2F10 to
CD44v6. Staining characteristics with mAb M23.6.1 to
CD44v2 were similar to those obtained with 2F10 to
CD44v6 in cancer tissue (E).
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Table |I. CD44 Variant Expressions of 42 Patients with Primary Pancreatic Cancer
Correlated with Clinicopathological Indices

CD44v6 expresson CD44v2 expression
Index — P value — P value
Positive Negative Positive Negative

Sex

Male 13 14 10 17

Female 8 7 0.75 6 9 0.85
Histological grading

Well/Mod 16 18 12 22

Poa/Undif 5 3 0.43 4 4 0.44
Tumor site

Head 15 11 12 14

Body/Tail 6 10 0.20 4 12 0.17
Tumor diameter

<2 1 2 1 2

>2 20 19 0.55 15 24 0.86
Vessel invasion

No 5 9 2 12

Yes 16 12 0.19 14 14 0.026
Lymphatic invasion

No 6 2 5 3

Yes 15 19 0.12 11 23 0.11
Lymph node metastasis

No 4 4 3 5

Yes 17 17 1.00 13 21 0.97
TNM stag®

Stage | 2 3 1 4

Stage I/111/1V 19 18 0.63 15 22 0.37
Vital status

Alive 4 12 2 14

Dead 17 9 0.011 14 12 0.007

a) Histological grading ant)) TNM staging are classified according to TNM Classifica-
tion of MalignantTumor (UICC, 1987)Well, well differentiated; Mod, moderately dif-
ferentiated; Pag poorly dfferentiated; Undif, undierentiated.

monoclonal antibodies 2C5 (3.8g/ml, R&D Systems, lin. Between all antibody incubations, the sections were
Arbington, UK), 2F10 (10ug/ml, R&D Systems) and washed three times for 5 min with TBS on a shaking plat-
M23.6.1 (20 pg/ml), which recognize epitopes of the form.

CD44s portion, v6 portion and v2 portiaspectivef, in Negative controls included sections treated with 1%
1% normal rabbit serum diluted with TBS at 4°C over- normal rabbit serum alone in place of the primary anti-
night in a wet box and then at 37°C for 10 min the nextbody. Staining was defined as positive if more than 5% of
morning. After the primary antibody treatment, endoge-tumor cells were stained clearly and the accompanying
nous peroxidase actty was blocked wth 0.3% HO, in control, without primary antibggd was negative.

methanol at 4°C for 10 min, and the sections were incuStatistical analysis The correlation between CD44 pep-
bated with a 1:400 dilution of biotinylated anti-mouse IgG tide expression and clinicopathological indices was ana-
(DAKO, Santa Barbara, CA). This was followed by incu- lyzed by using Fishés exact testWe defined overall
bation with horseradish peroxidase-conjugated avidinsurvival as survival from the date ofrgary until Decem-
biotin complex (ABComplex; DAKO) at room tempera- ber 26th, 1996. The primary determinant in this study was
ture for 60 min. Immunostaining was visualized witB'3, survival time, as measured from the date afjery until
diaminobenzidine (Sigma, St. Louis, MO) for 20 min, and the time of the last follow-up visit or death. Data on sur-
the reation was stopped by washing with wat&inally, vival were extuded ifthe patient died from other causes.
the sections were counterstained with M&ydematoxy-  Survival curves for 40 patients (excluding the complica-
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Fig. 3. Overall survival probability of pancreatic cancer patients categorized according to CD44 isoform expressions. {@yev6 epi
CD44v6-positive patients showed a significantly poorer prognosis than CD44v6-negative pat€n@i§0). (B) Similarly, CD44v2-
positive patients had a significantly poorer prognosis than CD44v2-negative p&edi8l25).

tion of death) were constructed according to the KaplanCorrelation between CD44 variant expression in pri-
Meier methoé? and differences between the curves weremary pancreatic cancer and clinicopathological indices
calculated. TheP value was calculated by use of the Table | gives the relevant clinical characteristics of the 42
logrank test and the Breslow-Gehan-Wilcoxon testPA patients whose tumors were analyzed immunohistochemi-
value of less than 0.05 was considered significant. cally. For CD44v6 expression, no significant correlations
were obtained for any clinicopathological indices. In con-
trast, a significant correlation was observed between
CD44v2 expression and vessel invasi®x(.026). How-
Immunohistochemical staining Forty-two pancreatic ever, evaluation of other prognostic factors revealed no
cancer tissue sections were stained with three monoclonaignificant correlations. In particular, neither the TNM
antibodies directed against the total CD44 (CD44v as welstage nor the tumor diameter was correlated with CD44
as CD44s), CD44v6 (exon 11) and CD44v2 (exon 7).variant expression.

Moreover, adjacent normal epithelia in cancer tissue wer&xpression of CD44 variants and prognosisThe rela-
examined for reactivity with the same antibodies. Astionship between CD44v6 and CD44v2 expression and
shown in Fig. 1, CD44 variant exons are alternativelysurvival rate was examined in 40 curatively resected pri-
spliced into the mRNA strand corresponding to the stanimary pancreatic cancer patients (excluding the complica-
dard form. Therefore, positive staining with 2C5 antibodytion of death) during a follow-up of 3—72 months (mean
indicates the protein expression of all CD44 isoforms,25 months). Kaplan-Meier curves (Fig. 3) showed that
including CD44v as well as CD44s. Total CD44 expres-patients with CD44v6-positive primary tumors had a
sion was observed in all cancer tissues and all normal tisshorter survival time than those with CD44v6-negative
sues (Fig. 2, C and G). In contrast, CD44v6 and CD44v2umors (logrank test:P=0.0160; Breslow-Gehan-Wil-
were not detected in normal tissues. Among 42 primarycoxon testP=0.0069). The 5-year survival rate was 62%
pancreatic cancer tissues, 21 (50%) showed staining witamong patients with CD44v6 negativity and 25% among
mAb 2F10 (CD44v6) and 16 (38%) with M23.6.1 patients with CD44v6 positivity. Also, for CD44v2 stain-
(CD44v2) (Fig. 2, D and E). All CD44v2-positive samples ing, a similar association was obtained between CD44v2
were also CD44v6-positive, but CD44v6-positive were expression and survival time (logrank teft=0.0125;

not always CDA44v2-positive. The intensity of CD44v2 Breslow-Gehan-Wilcoxon testP=0.0128). The 5-year
staining was generally weaker than that of CD44v6 stainsurvival rate was 57% among CD44v2-negative patients
ing. Table | summarizes the CD44s and CD44 varianand 11% among CD44v2-positive patients. The average
staining status of the 42 patients. survival of CD44v6-positive and CD44v6-negative

RESULTS
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patients was 22.0 months (3—-72 months) and 31.3 monthsases is 25% in our institution (unpublished data), and
(4-64 months), respectively. Also, the average survival othis rate is comparable to those reported previcisiy>>
CD44v2-positive and CD44v2-negative patients was 20.9n the present study, to evaluate the significance of the
months (3-57 months) and 30.0 months (4-72 months)expression of CD44v2 and v6 as prognostic markers, we
respectively. At the conclusion of the study, 19% ofthought it was important to use specimens from patients
patients with CD44v6-positive tumors were alive, as com-who had the same background. Therefore, we evaluated
pared to 57% of patients with CD44v6-negative tumorsonly cases which were confirmed to have received surgi-
(P=0.011, Table I). In addition, 13% of patients with cally and histologically curative resections, as shown by
CD44v2-positive tumors were alive, in contrast to 54% ofintensive histological examination.

patients with CD44v2-negative tumoiR<0.007, Table I). There are now many reports concerning the relationship
between the expression of tl@@D44 gene and survival
DISCUSSION time. The present data for the CD44 variants in pancreatic

cancer are consistent with the results obtained for other

Many studies have indicated that the expression ofdenocarcinomas, such as coldfidreast and stomach
CD44 variants is associated with tumor metastasis andancet” and non-Hodgkin's lymphom®. On the other
progression in several types of tumors, such as gastriband, several studies have provided data indicating that
cancer? colonic cance¥'"?? breast cancéf;?® and CD44s expression is associated with longer survival in
non-Hodgkin’s lymphom&) Here, we demonstrated neuroblaston®® and CD44v6 expression is consistent
immunohistochemically the association between CD44with a longer survival in laryngeal squamous cell carci-
variant expression and clinicopathological indices in curanoma?” Furthermore, Suginat al noted that initially
tively resected primary pancreatic cancer using previouslyhere is a marked increase in the expression oCibé4
characterized monoclonal antibodies against total CD44jene in early bladder carcinoma, relative to normal
and CD44v6 and a new monoclonal antibody against amrothelium, but this diminishes as the tumors acquire a
epitope encoded by exon 7 (CD44v2) of the hui@a@#4  more aggressive phenotypie Furthermore, there are dis-
gene. From our previous study using western blot analytinct differences in the patterns of expression ofGibel4
sis, patients with CD44v6 positivity were not always gene in normal cells and tissues depending on location
CD44v2 positive and it is considered that the CD44 mole-and cell lineage; for example, abundant expression of
cule detected by v2 antibody includes all the other vari-CD44 variants is seen in normal skin and in squamous
ants? epithelium®® In normal colonic mucosa, very weak

In the clinicopathological evaluation, a significant asso-expression of CD44v was found in the basal layers of epi-
ciation was found between the expression of CD44v2 andhelium (at the base of crypts), but none was detected in
vessel invasion. However, 14 of 26 (54%) tumors negasurface epitheliur® From these findings, we see that the
tive for CD44v2 expression exhibited vascular invasionexpression pattern of th€D44 gene is complex, with
versus 14 of 16 (88%) tumors positive for CD44v2 CD44 variant expression occurring in a tissue- and loca-
expression. Since the rate of vascular invasion otion-specific manner. Regarding the role of CD44v2 or v6
CD44v2-negative tumors was high, there is need for cauin functions such as cell-cell adhesion and tumor metasta-
tion in interpreting the pathological significance of sis, it is so far unknown whether such functions are modi-
CD44v2-containing CD44 proteins in pancreatic cancerfied by the conformational changes caused by the
Also, the expression of CD44v2 was not associated withinsertions in the CD44 variants or by a direct effect of the
liver metastasis (data not shown). variants. Consequently, it is unknown whether CD44 vari-

Concerning prognosis, we found here that expression oént expression abnormalities are causal or are only inci-
both CD44v6 and CD44v2 is significantly associated withdental effects in the pathogenesis of pancreatic cancer.
increased mortality. Patients with CD44v6-negative pri-However, as for other adenocarcinomas, the present find-
mary tumors had a longer survival time than those withings strongly indicate that CD44v2 and CD44v6 are use-
CD44v6-positive tumors. The projected 5-year survivalful markers for clinical prognosis in curatively resected
rate was 62% among patients with CD44v6 negativity andorimary pancreatic cancer.
25% among patients with CD44v6 positivity. A similar
association was also obtained between CD44v2 expressCKNOWLEDGMENTS
sion and survival time. The projected 5-year survival rate
was 57% among CD44v2-negative patients and 11% We thank Miss S. Nakadaira and Miss K. Kobayashi for tech-
among CD44v2-positive patients. Compared to well-nical assistance and Miss H. Orita for help in preparing the
known survival rates of pancreatic cancer, cases used imanuscript.
this study showed an extremely high survival rates. How{Received May 6, 1998/Revised July 7, 1998/Accepted July 10,
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