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Lack of evidence for MHC-unrestricted (atypical)
recognition of mucin by mucinous pancreatic
tumour-reactive T-cells

RS Selvan?, TN Pappas*! and FE Ward 2

Departments of *Surgery and 2lmmunology, Duke University, Box 3555, Medical Center, Durham, NC 27710, USA

Summary Cytotoxic T-cells generated against heterologous, mucinous pancreatic tumour cells were shown to recognize mucin in a major
histocombatibility complex (MHC)-unrestricted fashion. In contrast, the present study demonstrates a typical allogeneic response of
heterologous cytotoxic T-cells established against mucin-expressing pancreatic tumour cells. Heterologous cytotoxic T cells lysed targets that
were used as stimulators and other targets that shared human leucocyte antigen (HLA) with the stimulator. These cytotoxic T-cells lysed
mucin-expressing stimulator cells but not autologous tumour cells in spite of expressing mucin on their surface. Likewise, tumour-infiltrating
CD4* T-cells proliferated against its own tumour cell target, while such T-cells did not respond to heterologous, mucin-expressing pancreatic
tumour cells. Culturing heterologous tumour-specific cytotoxic T-cells with purified pancreatic tumour cell-mucin rendered them unresponsive
to their target cells. Furthermore, purified mucin did not produce a mucin-specific response in mucinous pancreatic tumour patients’ primary
T-cells even in the presence of antigen-presenting cells. Our study finds no evidence for MHC-unrestricted recognition of mucin by pancreatic
cancer patients’ T-cells. © 2000 Cancer Research Campaign
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Mucin (MUC-1) was initially identified with DU-PAN-2 murine pancreatic tumour-associated mucin is recognized by pancreatic
monoclonal antibody raised against a pancreatic adenocarcinonamour-patients’ T-cells in a MHC-unrestricted fashion using
cell line, HPAF (Lan et al, 1985). Mucin detected on the surface ofiuman leucocyte antigen (HLA)-defined heterologous and autolo-
established pancreatic tumour cells was also abundantly expressgaolis systems, and whether purified mucin could elicit tumour-
on tumour tissues (Borowitz et al, 1984). MUC-1 has also beereactive T-cells. Our study does not support the claim that
shown to be recognized by T-cells in vitro. Barnd et al (1989)mucinous pancreatic tumour cell-reactive T-cells recognize mucin
demonstrated that heterologous cytotoxic T-cells (CTLs) generin MHC-unrestricted fashion.

ated from lymph node cells of a patient recognized tumour-associ-

ated mucin in a specific, major histocombatibility complex

(MHC)-unrestricted fashion. Since a pancreatic tumour cellMATERIALS AND METHODS

reactive autologous T-cell system was not available, heterologous

pancreatic tumour cell lines were used as stimulators of lymphumour cell lines

node cells (Barnd et al, 1989). MHC-unrestricted CTLs generated . ) ) ) )
against heterologous, mucin-expressing pancreatic tumour celyeviously established pancreatic adenocarcinoma cell lines
were also reported to lyse breast tumour cells which expresséﬂPAF' CAPAN'_L CAPAN-2, T3M4, COLQ'357 and _PANC'l'
MUC-1 (Barnd et al, 1989; Jerome et al, 1991). It was postulate§'élanoma cell line SKMEL-14, breast carcinoma cell line SKBR-
that tandem repeats and aberrant glycosylation of tumour cefi Were cultured in complete minimal essential medium (MEM),
mucin were responsible for such a MHC-unrestricted recognitiogNt@ining with 100 U mt penicillin, 100ug mf* streptomycin,

by heterologous T-cells (Barnd et al, 1989: Jerome et al, 19912’mv| glutamine, and 10% heat-inactivated fetal bovine serum

Poland et al, 1997). Recently, Margarian-Blander et al (1998gBS; Barnd et al, 1989; Wahab and Metzgar, 1991). Myelogenous
demonstrated that direct recognition of the MUC-1 peptide epitopiukemia cell line K-562 (obtained from Dr Zeinab Wahab, Duke

by the T-cell receptor (TCR) in the absence of presentation by tHeniversity) was cultured in complete RPMI-1640 medium. The
MHC induced a partial signal. However, mucin has yet to bedherent tumour cell cultures were transferred regularly by
demonstrated as an antigen recognized by pancreatic tumour cdfiyPSinization (0.25% trypsin with 0.2% EDTA). Tissue culture

reactive, autologous T-cells. In this study, we investigated whethdf2dents were obtained from Gibco-BRL (Grand Island, NY,
USA). Cell lines were found to contain no mycoplasm determined

by enzyme-linked immunosorbent assay (ELISA) kit obtained
from Boehringer Mannheim (Indianapolis, IN, USA).

Received 2 June 1999

Revised 2 September 1999

Accepted 6 September 1999 Establishment of primary pancreatic tumour cell line

Correspondence to: RS Selvan, Senior Scientist, Hoag Cancer Center, WM-tumour explant cultures were established from a moderately
Building 41, Suite 3F, 1 Hoag Drive, Newport Beach, CA 92663, USA differentiated primary pancreatic tumour mass of a patient who

691



692 RS Selvan et al

underwent Whipple procedure, using standard techniques (Tdmmortalization of B-cells
et al, 1986). Briefly, a tissue sample was washed and teased irbaeripheral blood B lymphocytes from pancreatic tumour patients
tissue culture dish (Falcon, Becton Dickinson, Franklin Lakes, NJ, . . . : . .
USA) in a medium consisting of 50% (v/v) Dulbecco’s modified were immortalized with tissue culture fluid containing

Cages medum (OVEN), 50% (1) -12 Ham medu suple 5507 B3 WIue (E8Y) o e marost cel ne -2
mented with 10% FBS, gg mttinsulin, 5pug mi transferrin and y ( P ’ ):

5 ng mtt selenium, 100 U mt penicillin and 10Qug mi* strepto- Briefly, 5 x 10° peripheral blood lymphocytes (PBLs) were

. . . N .
mycin, 2 mu glutamine and & 10°5m 2-mercaptoethanol. Small infected with EBV in the presence of @ mt? cyclosporine and

. cultured in RPMI-1640 medium containing 10% FBS for 4-6
tssue fragments and freed cells were separated from the Iar%%eks during which time the immortalizgd B-cells exhibited

fragments and transferred into a 50 ml centrifuge tube (Cornin%mive rowth
Inc., Corning, NY, USA). Large fragments (mostly connective 9 ’
tissues) remaining in tissue culture dish were discarded. The
suspension containing small tissue fragments and freed cells wat A typing
allowed to stand at room temperature for 5 min. After the small_'

tissue fragments had settled, the cell suspension was transferrgc(%jrﬁ‘ It()alﬁlgat-?jfetuer:g:rrwtCr?::Zr::doi)z:_c?t Wgzs;arr\'ﬁi?h o:rtntilfljllr_]g
to another 50 ml centrifuge tube. The remaining small tissue P P _yt . y y
onoclonal and polyclonal antibodies (Pollack et al, 1981).

fragments and freed cells were washed once by subjecting {8
centrifugation at 1000 rpm for 10 min. Both preparations were
resuspended in complete DMEM/F-12 Ham medium and placed ifiumour-specific T-cell lines

25-cnt ti It flasks (Costar, Cambrid MA, USA) at - . .
cnt tissue culture flasks (Costar, Cambridge, ' )aTumour cell-specific heterologous T-cell lines derived from

37°C in humidified atmosphere containing 5% carbon OIioxiOIe'drainin lymph nodes of pancreatic adenocarcinoma patients, were
Within 2—-3 weeks, islands of epithelial cells were allowed to grow 9 'ymp P p '

by preventing the outgrowth of fibroblasts using differential established by stimulation with irradiated (6000 rad) heterologous
trypsinization procedure with low trypsin (0.05% trypsin and Eanmcazeé:teli(;lrjnrgpnu;ncte.rqfeﬂlpﬁigsll\lili.a[r;d;OAn'\tlc\:/-\}l)ma.‘gdtg’nUgé
0.02% EDTA; Gibco-BRL). By periodically repeating this proce- uman ! ' ukin-2 (IL-2; Du - wiimington, LE,

- . . : USA) basically as described by Barnd et al (1989). Tumour-infil-
dure, primary pancreatic tumour cell line, WM, was established. . ’
trating lymphocytes (TILs), and tumour cell-reactive autologous

T-cells from peripheral blood mononuclear cells (PBMCs) were
Flow cytometry and immunocytochemistry of tumour established with irradiated autologous tumour cells WM and IL-2
cells as described by us and others (Slovin et al, 1986; Belldegrun et al,

The cultured WM and HPAF tumour cells were first trypsinized 1989; Selvan et 'a.l, 1991). Leucocyte Imgage-spgcn‘p antigens on
the tumour-specific T-cells were determined using immunofluo-

and immediately resuspended in FBS containing medium. After

) . . . Tescence followed by cytofluorometric analysis using anti-CD3,
being washed twice, cells were resuspended in complete medluﬁlti-CDA anti-CD8, anti-CD19, anti-CD20, anti-CD16 and CD56

I i i i - . : :
and allowed to recover ant!gens by incubation at room temper%ntlbodles (tissue culture supernatants of hybridomas obtained
ture for 1-2 h. The expression of MHC-class | and -class Il mole;

) . from ATCC).
cules on the surface of tumour cells was determined using
indirect immunofluoresence assay essentially as described by us
(Selvan et al, 1991). The tumour cells were stained with antitymphokine-activated killer (LAK) cells
HLA class | (W6/32) and anti-HLA class Il (L243) antibodies . ) )

(affinity purified antibodies from tissue culture supernatant ofE€ctor lymphokine-activated killer cells were generated by

hybridomas were obtained from ATCC, Rockville, MD, USA) cult_uring EBMCs from mucinous pancrea_tic adenocarcinoma
respectively. The control cells were stained with isotype-Patients with 1000 U miof IL-2 for 5 days (Grimm et al, 1982).
matched antibody (lgg Sigma, St Louis, MO, USA). All
samples were stained with fluorescein-conjugated goat antix . . o .
mouse antibodies (Organon Teknika, Durham, NC, USA) an&ulturlng of T cells with purified mucin

analysed for fluorescence intensity in an Ortho CytofluorograptPurified mucin used in this investigation was provided by Dr MS
50-H (Ortho Instruments, Westwood, MA, USA). The tumour Lan, a coinvestigator of the report by Barnd et al (1989) and the lot
cells were further assessed for the expression of mucin usingf mucin preparation is the same as that used by Barnd et al (1989)
immunocytochemical procedure as described elsewher@M Lan, personal communication). Mucin was prepared as
(Borowitz et al, 1984). Briefly, tumour cells were grown to described elsewhere (Lan et al, 1985, 1987). The quantity and
confluence in multi-chamber culture slides (Lab-Tek, NUNC,purity of mucin preparations were qualified by the levels of reac-
Inc., Laperville, IL, USA). Cells were washed with phosphate-tivity against DU-PAN-2 antibody using competitive inhibition
buffered saline (PBS) and fixed with cold acetone {€0The  radioimmunoassay (RIA; Metzgar et al, 1984) and Western blot
fixed cells were blocked with PBS containing 1% bovine serurmanalysis respectively (Lan et al, 1985, 1987). Rather than express
albumin (BSA; Sigma) and incubated with primary antibodythe results as percent inhibition and titre, the quantity of DU-PAN-
DU-PAN-2 (IgM; hybridoma culture supernatant was a gift from2 antigen in a sample was expressed as arbitrary unitbaskd

Dr Zeinab Wahab, Duke University) or SP-1 supernatant. Afteon reference to the partially purified standard antigen sample. The
washing, the cells were incubated with goat anti-mouse Ig@Gmount of DU-PAN-2 antigen in 3@ of a 1:500 dilution of the
peroxidase-conjugated antibody. The cells were washed in PBStandard antigen preparation was designated as 100 units ml
stained with diaminobenzidine and counter stained with Gill's(Metzgar et al, 1984). The heterogeneity of mucin antigen migra-
haematoxylin. tion on the gel indicated that the monoclonal antibody DU-PAN-2
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recognized multiple mucin molecules which bore the same epitopeH]thymidine was quantitated using a liquid scintillation counter
(Lan et al, 1985, 1987). The buoyant densities and amino acifiVallac 1409, Wallac Oy, Turku, Finland). In some cases, irradi-
compositions of purified fractions (I and Il) suggested that DU-ated stimulator cells were preincubated withygOmk* control
PAN-2 antibody-reacting antigen was mucin-like glycoproteinantibody (IgG,; Sigma) or anti-MHC class Il antibody (L243) to
(Lan et al, 1987). IL-2 used in our experiments was obtained frohlock MHC class Il-mediated proliferative response. In other
Dupont (Wilmington, DE, USA) which is the same as used bycases, 1@ug mi* affinity purified antibody against pancreatic
Barnd et al (1989). One times®Iteterologous tumour-specific T- tumour mucin, DU-PAN-2 or SP-1 supernatant was included
cell lines per ml (from lymph node cells of a mucinous pancreati¢Barnd et al, 1989). These cells were then washed three times in
adenocarcinoma patient, established against mucinous T3M4 &PMI medium and added at proper concentration to the responder
non-mucinous PANC-1 pancreatic tumour cell lines) were repeatf-cells. The proliferative response of T-cells was measured as
edly cultured with 1900 U mimucin and 5 U mtIL-2 in 24-well described above.

flat-bottomed tissue culture plates (Costar, Costar Corp.,

Cambridge, MA, USA). Similarly, freshly isolated PBMCs from Statistical analysis

pancreatic adenocarcinoma patients were cultured with mucin plds
IL-2. The leucocyte cultures were periodically cleared off exces\ll determinations were made in triplicate and data are reported as
debris by centrifugation through Ficoll gradient (Organonthe meant s.e.m. The statistical analysis of data was carried out
Technica). The cultures were repeatedly restimulated with muciosing Student's-test, andP < 0.05 between two groups were
after a cycle of culturing with mucin plus IL-2 for 3-4 days considered to be statistically significant.

followed by IL-2 alone for 2-3 days. Some of the cultured cells

were tested in triplicates for their ability to lyse T3M4, HPAF, RESULTS

PANC-1 and natural killer (NK) cell target K-562 or to proliferate
against purified mucin. To determine the proliferatiort,ABMCs
from cancer patients were incubated in triplicates with 5 tJlix

2 or varying concentrations (475 U7nio 2375 U mt') of mucin

in the presence or absence of 5U*niL-2 in 96-well flat-
bottomed tissue culture plates (Costar). After 72 h, the wells werln an effort to determine whether heterologous cytotoxic T cells
pulsed with uCi per well fH]thymidine and incorporation of recognize mucin expressed by human pancreatic tumour cells,
[®H]thymidine into DNA of proliferating cells was measured as cytotoxic T-cell lines (TP and RM) were established from draining
described below. lymph nodes of pancreatic tumour patients by stimulating with
mucin-expressing (T3M4 or HPAF) and non-mucin-expressing
(PANC-1) tumour cells (Table 1). The tumour patients had very
high levels of mucin in the serum at the time of surgery, deter-
The cytolytic activity of tumour-infiltrating lymphocytes, periph- mined by enzyme-linked immunosorbent assay (ELISA) using
eral blood tumour-specific T-cells, LAK cells and mucin-stimu- DU-PAN-2 monoclonal antibody (Metzgar et al, 1984; data not
lated T-cells or PBMCs was assayed using 4 h Chromium-5%hown). Cytotoxic T-cells derived from draining lymph node cells
release assay (Barnd et al, 1989; Selvan et al, 1990, 1991). A§ a pancreatic adenocarcinoma patient (TP) were generated
targets, we used several well established tumour cell lineagainst heterologous, mucin-expressing pancreatic tumour cell
including the heterologous pancreatic cancer cell lines HPAHjne T3M4 in the presence of 5 U thiL-2. The established cyto-
T3M4, PANC-1, COLO-357, CAPAN-1 and CAPAN-2, the autol- toxic T-cells effectively lysed the stimulator cells, T3M4 (78%
ogous pancreatic cancer cell line WM and EBV-immortalized Blysis at effector:target ratio of 25:1) as well as another target
cells, the breast tumour cell line SKBR-3, the melanoma cell lindCAPAN-1) that expressed mucin (87% lysis). The same effector
SKMEL-14 and the myelogenous leukaemia cell line K-562cells, however, did not lyse other mucin-expressing pancreatic
(Barnd et al, 1989). In some cases, target cells were preincubateanour cell lines such as HPAF or COLO-357 but exhibited a
with 20 ug mi control antibody (IgG; Sigma) or anti-MHC class low level reactivity (20-23% lysis) towards mucin-expressing

| antibody (W6/32) to block MHC class I-mediated cytolytic CAPAN-2 cells as well as non-mucin-expressing PANC-1 cells. In
response. These target cells were then washed three times in RPMsimilar fashion, TP cytotoxic T-cells established against mucin-
medium and the cytotoxicity assay in triplicate samples wagxpressing HPAF cells effectively lysed the HPAF cells (71%
performed at various effector to target ratios as described abovelysis). These cytotoxic T-cells elicited a range of low level reac-
tivity (19-28% lysis) towards mucin-expressing CAPAN-1 and
T3M4 cells, and non-mucin-expressing PANC-1 cells. TP cyto-
toxic T-cells established against non-mucin-expressing PANC-1
The proliferative rate was determined in triplicate samples focells very effectively lysed PANC-1 cells (78% lysis) and
isolated tumour-infiltrating T-cells and peripheral blood tumour-melanoma cell line SKMEL-14 (76% lysis) and, at a low level
reactive T-cells (Barnd et al, 1989; Selvan et al, 1990, 1991)23% lysis) mucin-expressing T3M4 cells but not other mucin-
Briefly, 10° responder resting T-cells were incubated withif@- expressing pancreatic tumour cells. A similar reactivity was also
diated autologous or heterologous stimulator cells for 3 days aeen with RM cytotoxic cells established from pancreatic adeno-
37°C in complete medium supplemented with 10% FBS in thecarcinoma patient against T3M4, HPAF or PANC-1 cells (Table
presence or absence of 1 UhiL-2. The cells were then pulse- 1). Interestingly, none of the heterologous T-cells established
labelled with 1uCi per well of PH]thymidine for the last 18 h at against mucin-expressing pancreatic tumour cells were able to lyse
37°C and harvested using a Skatron cell harvester (Skatromucin-expressing breast tumour cell line SKBR-3. Previous
Instruments Inc., Sterling, VA, USA). The incorporation of studies from elsewhere have shown that heterologous, pancreatic

Heterologous pancreatic tumour-reactive cytotoxic
T-cells do not recognize pancreatic tumour cells in
the context of MHC-unrestricted mucin

Cytolytic assay

Proliferation assay

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(3), 691-701



694 RS Selvan et al

Table 1  Tumour target cell lysis by heterologous pancreatic tumour-reactive T-cells®

% Specific lysis by cytotoxic T-cells
established against heterologous tumour cells b

Responder Targets
T-cells tested T3M4 HPAF PANC-1
TP Pancreatic adenocarcinoma
CAPAN-1 86.88 £ 1.57 21.46 £1.00 1.11+0.61
CAPAN-2 22.75+1.19 -3.71+0.31 2.44 +0.57
T3M4 78.17 £ 0.08 27.93+£0.75 23.37£0.31
HPAF 2.30£0.57 70.60 + 0.58 2.83+0.14
COLO-357 1.87 £0.62 4.71+0.28 2.52 +0.99
PANC-1 (non-mucinous) 20.43+0.91 18.60 + 0.51 78.20 £ 0.86
Melanoma
SKMEL-14 11.20+£0.35 9.02+0.28 75.70 £ 0.80
Myelogenous leukaemia
K-562 4.91+0.84 4.94 + 0.56 2.99+0.73
RM Pancreatic adenocarcinoma
CAPAN-1 65.02 +£1.85 26.19 +2.17 7.81+£0.42
CAPAN-2 35.86 £ 2.09 2491 +2.64 1.31+0.83
T3M4 73.00 £ 3.45 28.25+1.04 11.99 £ 0.84
HPAF NT 33.05 £ 1.47 NT
COLO-357 29.31+0.86 -5.83+2.30 3.50+1.26
PANC-1 (non-mucinous) 2251 +0.71 38.59 £ 2.69 61.84 £2.95
Melanoma:
SKMEL-14 1.97+£0.28 9.17 £ 0.26 22.17 £0.57
Breast carcinoma:
SKBR-3 -0.25+0.41 1.38 £0.93 -0.31+0.64
Myelogenous leukaemia
K-562 11.60 £ 0.28 NT 9.51+1.06

aCytotoxic T-cells TP and RM were established from tumour-draining lymph nodes of pancreatic adenocarcinoma patients against heterologous pancreatic
tumour cells T3M4, HPAF or PANC-1 by repeated stimulation with irradiated tumour cells in the presence of 5 U mI interleukin-2. The data represent the
cytolytic activity of T-cell lines assessed at about 2 months of continuous culture against Chromium-51-labelled tumour cell targets using various effector
(E) to target (T) ratios. PValues represent percentage specific lysis obtained at E:T 25:1 in a 4 h Chromium-51 release assay. NT, not tested.

Table 2 Heterologous pancreatic tumour-reactive cytotoxic T cells do not recognize pancreatic tumour cells in the context of MHC-unrestricted mucin

HLA-typing of HLA-typing of
effector cells target cells
Effector (Class 1) Target (Class 1) % Cytotoxicity ¢
1. RC-T cell A3,A30; B18,B27; WM Al* A3#, B7,B37; 35.21+1.79
line against Bw4,Bw6 Bw4,Bw6; Cw6
WM-tumour HPAF A1,A34; B8,B22; 55.58 £ 1.03
cells? Bw6; Cw3
K-562 HLA Class I-negative 0.01 +0.80
(NK Cell Target)
2. WM-T cell Al1,A3; B7,B37; HPAF Al,A34; B8,B22; 39.83+1.71
line against Bw4,Bw6; Cw6 Bw6; Cw3
HPAF-tumour WM Al,A3; B7,B37; 1.27 £0.53
cells® Bw4,Bw6; Cw6
FW-PBL Al; B8; Bw6; Cw7 61.27 £1.61
Blasts® (homozygous)
K-562 HLA Class I-negative -1.61+0.64

(NK Cell Target)

2RC- and "WM-cytolytic effector T-cell lines were established from peripheral blood mononuclear cells of pancreatic adenocarcinoma patients against
heterologous, mucin-expressing pancreatic tumour cells, WM and HPAF respectively, in the presence of 5 U ml* interleukin-2. °FW-peripheral blood cells were
stimulated with PHA (2 pg mi-) for 48 h and the resultant blast cells were labelled with Chromium-51 and used as target cells. ‘Cytolytic activity of T-cells
against indicated tumour targets were assayed at about 3 months after continuous culture using various effector (E) to target (T) ratios. The values represent
percentage specific lysis obtained at E:T 25:1 in a 4 h Chromium-51 release assay. The results shown are representative of five experiments. *Bold face
denotes shared-MHC class | alleles on target cells recognized by effector cytotoxic T-cells. *Underlining denotes matched-MHC class | alleles between
responder and stimulator or target cells.
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Table 3 Anti-MHC class | antibody inhibits heterologous, pancreatic tumour-
reactive CTL killing of mucin-expressing and -non-expressing target cells

Effector Target %
Cytotoxicity ¢

1. RC-T cell WM + Control antibody 37.83+0.80

line against WM + W6/32 antibody 5.33 +0.48 (86%)

WM-tumour HPAF + Control antibody 49.23+2.91

cells? HPAF + W6/32 antibody 8.14 + 1.83 (83%)

2. WM-T cell HPAF + Control antibody 42.45 +1.00

line against HPAF + W6/32 antibody 7.32+1.63 (83%)

HPAF-tumour WM + Control antibody 1.37 £0.50

cells® WM + W6/32 antibody 1.41+0.55
FW-PBL Blasts® + Control antibody 57.23+2.69
FW-PBL Blasts + W6/32 antibody 9.44 + 1.37 (84%)

2RC- and "WM-cytolytic effector T-cell lines were established from peripheral
blood mononuclear cells of pancreatic adenocarcinoma patients against
heterologous, mucin-expressing pancreatic tumour cells, WM and HPAF
respectively, in the presence of 5 U ml-* interleukin-2. °FW-peripheral blood
cells were stimulated with PHA (2 pg ml) for 48 h and the resultant blast
cells were labelled with Chromium-51 and used as target cells. “Cytolytic
activity of T-cells against indicated tumour targets preincubated (60 min at
37°C) with 20 ug mlI=* control antibody (IgG,,) or W6/32 antibody and washed
in RPMI medium, were used in cytotoxic assay employing various effector (E)
to target (T) ratios. The values represent percentage specific lysis obtained at
E:T 25:1in a 4 h Chromium-51 release assay. HLA pattern of effector and
target cells are given in Table 2. Similar results were obtained in another
experiment. The values in parentheses represent percent inhibition of
cytotoxicity over respective controls.

tumour cell-reactive T-cells also recognized breast tumour cell
due to the expression of similar mucin (Barnd et al, 1989; Jeromn
etal, 1991). The present results show that cytotoxic T-cells derive
from patients with mucin-expressing pancreatic adenocarcinommrigure 1  Expression of mucin on WM-pancreatic tumour cells. Cultured
exhibit reactivity in a typical fashion by effectively lysing predom-}lfv\/im F:')'SC g;?r‘/(;’{‘;gticl)%lglUfsnlgf?loguaen:#;ttigggmi’:é (SEl;gig rgz‘l;ln’\lljg)nv;'eﬁ stained
inantly the cells that were used as stimulators. A Cytolytic respong oy (bU-PAN-2) followed by peroxidase. conjugated goat anti.mouse
seen against few other targets in this study suggests that theantibody and developed with the substrate diaminobenzidine (Borowitz et al,
target cells have HLA-alleles matched with the stimulators. 1984). Immunostained cells were counter stained with Gill's haematoxylin
To more precisely understand the reactivity of heterologous
cytotoxic T-cells towards mucin-expressing pancreatic tumour
cells, a set of HLA-defined tumour patient cytotoxic T-cells were
established by stimulation with HLA-defined heterologous,
mucin-expressing pancreatic cancer cells in the presence of IL-
As shown in Table 2, cytotoxic T-cell responses against heterolo-
gous, mucin-expressing pancreatic tumour cell targets occurreétb circumvent the response of heterologous T-cells to disparate
primarily as a typical allogeneic response. RC cytotoxic T-celldMHC molecules on heterologous pancreatic tumour cells, an
lysed the heterologous target tumour cells, WM, that were used asitologous pancreatic tumour cell-reactive T-cell system (WM)
stimulators (35% lysis at E:T 25:1) as well as the target HPAF cellwas established from a surgically excised primary pancreatic
that had a matching MHC class | allele (A1) (56% lysis at E:Tadenocarcinoma. The system comprised of a tumour cell line,
25:1). In a similar fashion, WM cytotoxic T-cells established tumour cell-reactive T-cell lines from TILs and peripheral blood
against HPAF cells, lysed HPAF cells (40% lysis at E:T 25:1) asymphocytes, and EBV-transformed B-cells. Characterization of
well as non-mucinous target PBL-blast cells (61% lysis at E:Tthe tumour cell line revealed that tumour cells expressed mucin as
25:1) that had a MHC-class | allele (B8) matched to HPAF cellsdetermined by immunoperoxidase staining with DU-PAN-2 anti-
These CTLs (WM), however, did not lyse autologous tumour celldody (Figure 1) (Borowitz et al, 1984), and that the tumour cell
in spite of expressing mucin on their surface. Preincubation dine was MHC class | as well as class Il-positive (Figure 2). Both
target cells with W6/32 antibody blocked the cytotoxicity TILs and tumour cell-reactive T-cells from peripheral blood prolif-
(83-86% inhibition) of both RC as well as WM CTLs irrespectiveerated against autologous tumour cells, WM, but not against
of whether target cells expressed mucin (Table 3). The resuliseterologous pancreatic tumour cells, HPAF (Table 4), and were
demonstrate that heterologous T-cells generated against mucishown to be CD4T-cells (data not shown). These cells exhibited
expressing pancreatic tumour cells appear to lyse targets, not in the cytolytic function against the autologous tumour cells, WM
context of mucin but in a typical alloreaction. (data not shown). Since the TIL line was established in the pres-

Autologous pancreatic tumour-reactive T-cells do not
ecognize mucin on tumour cells in MHC-unrestricted
shion
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Figure 2 Expression of MHC-Class | and Class Il molecules on pancreatic tumour cell lines. The cultured tumour cells (WM and HPAF) were stained with
isotype control antibody (IgG,,), and antibodies against MHC-Class | (W6/32) and MHC-Class Il (L243) followed by fluorescein-conjugated goat anti-mouse
antibodies for flow cytometry analysis

ence of IL-2, these cells expressed a proliferative response to ILi13/mphokine-activated killer cells do not recognize

alone. When irradiated autologous tumour cells were added withancreatic tumour cells in the context of mucin

IL-2, a tumour-specific proliferative response was consistently

observedR < 0.05). Such a proliferative response of these T-cell3NVe investigated whether HLA-defined autologous, and heterolo-
could not be detected against heterologous, mucin-expressirgpus, lymphokine-activated killer cells (WM- and RC-LAK cells
pancreatic tumour cells, HPAF (Table 4), or autologous EBV-+espectively) recognize pancreatic tumour-associated mucin
immortalized B-cells (Table 5). In addition, inclusion of anti-MHC (Table 6). LAK cells, derived from PBMCs, lysed heterologous,
class Il antibody (L243) but not anti-mucin antibody (DU-PAN-2) mucin-expressing pancreatic tumour cells, HPAF (50% lysis at
inhibited the proliferative response of TILs against autologous:T 25:1), but not the autologous, mucin-expressing pancreatic
mucin-expressing pancreatic tumour cells, WIRI<(0.05; Table  tumour cells, WM (2% lysis at E:T 25:1). It is not known whether
5). Autologous tumour-specific T-cell lines established from PBLsthe non-reactivity of autologous LAK cells to its target is a specific
of the same patient elicited a significant response similar toéesponse to the present system or a general phenomenon.
tumour-infiltrating lymphocytesR < 0.01; Table 4). The results do Heterologous LAK cells (RC-LAK cells) established from
not support the contention that MHC-unrestricted mucin isperipheral blood mononuclear cells of a pancreatic adenocarci-
involved in the patients’ T cell-recognition of pancreatic tumournoma patient, on the other hand, lysed WM cells (27% at E:T 25:1)
cells. as well as HPAF (54% lysis at E:T 25:1) tumour cells. As
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Table 4 Autologous but not heterologous mucinous pancreatic tumour cells enhance the stimulatory effect of IL-2 on tumour-infiltrating T-cell line and tumour-
specific peripheral blood T-cell line?

Proliferative Index

Responder Stimulator Expt. 1 Expt. 2 Expt. 3

A.

1. WM-TILs None 1.00 1.00 1.00

2. None Irr. WM-Tr. cells 0.71 +0.07 NT 1.16 £0.14
3. None Irr. HPAF 0.73+0.09 NT NT

4. WM-TILs Irr. WM-Tr. cells 1.35+0.08 0.72 +£0.02 1.14+0.11
5. WM-TILs Irr. HPAF 0.90+0.14 0.63 +0.02 NT

6. WM-TILs IL-2 18.59 +1.90 11.83 £ 0.52 33.890+1.89
7. WM-TILs Irr. WM-Tr. cells + IL-2 26.39 +1.19° 17.84 £ 0.24¢ 42.34 + 1.26¢
8. WM-TILs Irr. HPAF + IL-2 18.40 + 1.00 12.34 + 0.67 NT

B.

1. PBL-T cells None 1.00 1.00

2. None Irr. WM-Tr. cells 0.91 +0.08 0.82 +0.02

3. None Irr. HPAF 0.72+0.01 0.93+0.01

4. PBL-T cells Irr. WM-Tr. cells 1.21+£0.04 1.13+0.01

5. PBL-T cells Irr. HPAF 1.43+0.04 2.24+0.34

6. PBL-T cells IL-2 13.42 £ 0.62 17.62 £ 0.48

7. PBL-T cells Irr. WM-Tr. cells + IL-2 27.22 £ 0.86° 30.20 +1.81f

8. PBL-T cells Irr. HPAF + IL-2 12.84 +0.58 18.30 £1.16

AWM tumour-infiltrating lymphocyte (TIL) line and tumour-specific T-cell line were established by repeatedly stimulating with autologous irradiated (Irr.) mucin-
expressing pancreatic tumour (tr.) cells (WM-tumour cells) and 5 U ml-* interleukin-2 (IL-2). The proliferative response ([*H]thymidine incorporation) of resting
tumour-infiltrating lymphocyte line was determined in triplicates following three day incubation with mucin-expressing autologous (WM) or heterologous (HPAF)
pancreatic tumour cells in the presence or absence of 1 U mI* IL-2. *'Significantly different from respective TILs or PBL-T-cells incubated with IL-2, °P < 0.05;
¢P < 0.005; ¢P < 0.05; ¢P < 0.001; ‘P < 0.01. NT, not tested.

Table 5 Specific stimulatory effect of autologous tumour cells and IL-2 on tumour-infiltrating T-cell line?

Proliferative index

Responder Stimulator Expt. 1 Expt. 2
1. WM-TILs None 1.00 1.00
2. None Irr. WM-tumour cells 0.83+0.10 0.61 +0.07
3. WM-TILs Irr. WM-tumour cells 0.91+0.05 1.02 £ 0.08
4. WM-TILs IL-2 + Control Ab 10.78 £ 0.62 19.22 £ 0.52
5. WM-TILs IL-2 + L243 Ab 9.70 + 1.06 17.63 £ 0.52
6. WM-TILs Irr. WM-tumour cells + IL-2 + Control Ab 20.21 £1.67 31.32+1.95
7. WM-TILs Irr. WM-tumour cells + IL-2 + L243 Ab 13.51 + 0.63° 23.42 £ 0.62°
8. WM-TILs Irr. Autologous EBV-B Cells + IL-2 12.20£0.72 20.32+£0.80
9. WM-TILs IL-2 + SP-1 Sup 11.23 £ 0.49 18.91£0.95
10. WM-TILs IL-2 + DU-PAN-2 Ab 10.73£0.95 18.63+1.11
11. WM-TILs Irr. WM-tumour cells + IL-2 + SP-1 Sup 22.39+234 33.52+2.12
12. WM-TILs Irr. WM-tumour cells + IL-2 + DU-PAN-2 Ab 23.52+1.55 32.84+1.74

AWM tumour-infiltrating lymphocyte (TIL) line was established by repeatedly stimulating with autologous irradiated (Irr.) mucin-expressing pancreatic tumour
cells (WM-tumour cells) and 5 U mi~* interleukin-2 (IL-2). The proliferative response ([°H]-thymidine incorporation) of resting tumour-infiltrating lymphocyte line
was determined in triplicates following 3-day incubation with mucin-expressing autologous (WM) pancreatic tumour cells (passage 1) in the presence or
absence of 1 U mI™ IL-2. For blocking experiments, irradiated tumour cells were preincubated with 20 ug ml= control IgG,,, SP-1 supernatant (Sup), L243
(IgG,,) or DU-PAN-2 (IgM) antibody (Ab) for 60 min at 37°C and were washed in RPMI medium before adding to the responder T-cells. *Statistically not
significant from TILs incubated with irradiated WM-tumour cells, IL-2 and control antibody; °Significantly different from TILs incubated with irradiated WM-tumour
cells, IL-2 and control antibody (P < 0.05).

expected, both WM- and RC-LAK cells lysed the NK cell target,determine whether mucin could elicit a tumour-specific T-cell
K-562 (50% and 70% respectively). The results suggest thaesponse, purified mucin from the same source used by Barnd et a
PBMC-derived LAK cells from cancer patients did not lyse (1989) was obtained and tested as described in Materials and
pancreatic tumour cells in the context of mucin. Methods. All cells could be cultured with purified mucin and IL-2
for about 2—3 months without much expansion. As shown in Table
7, the established cytotoxic T-cell line (TP) from lymph node of a
patient against irradiated T3M4 in the presence of 5 IiH2,
effectively lysed the stimulator cells T3M4 (78% lysis at
Previous investigators (Barnd et al, 1989) observed that purifiedffector:target ratio of 25:1) and at very low levels the K-562 cells
pancreatic tumour mucin directly stimulated T-cells established4.91% lysis). When these T-cells were cultured with 1900t ml
against mucin-expressing heterologous pancreatic tumour cells. Toucin and 5 U mt IL-2 for 5 weeks, they insignificantly killed

Purified pancreatic tumour cell-mucin does not elicit
mucin- or tumour cell-specific T-cell response
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Table 6 Lymphokine-activated killer (LAK) cells do not recognize pancreatic tumour cells in the context of mucin

% Cytotoxicity

Effector cells 2 Target tumour cells Expt. 1 Expt. 2

1. WM-LAK cells WM (autologous, mucinous) 2.07+1.19 -0.91+0.29
HPAF (heterologous, mucinous) 49.49 +2.84 25.79 £ 0.54
K-562 (LAK-cell target, non-mucinous) 50.83 £ 0.54 25.86 £1.35

2. RC-LAK cells WM (heterologous, mucinous) 26.98 £ 0.51 14.00 +1.73
HPAF (heterologous, mucinous) 54.98 +£1.42 53.05+2.41
K-562 (LAK-cell target, non-mucinous) 70.68 + 2.69 61.36 +£1.78

agffector LAK cells (WM and RC) were obtained by culturing peripheral blood mononuclear cells from mucin-expressing pancreatic adenocarcinoma patients
with 1000 U mi~* of human recombinant interleukin-2 for 5 days and the cytolytic activity was determined using various effector (E) to target (T) ratios.

The values represent percentage specific lysis obtained at E:T 25:1 in a 4 h Chromium-51 release assay. HLA pattern of effector and target cells are

given in Table 2

Table 7 Lack of mucin-specific cytotoxic response of pancreatic cancer patients’ heterologous
tumour-specific T-cell or PBMCs cultured with mucin plus IL-2

Responder Stimulus Targets % Cytotoxicity ¢
A. TP-T-cells? Irr. T3M4 + IL-2 T3M4 78.17 £ 0.08
K-562 4.91+0.84
TP-T cells Mucin + IL-2 T3M4 5.75+0.38
generated K-562 4,17 £0.19
against T3M4°
B. PBMCs® IL-2 HPAF 1.38£0.25
PANC-1 8.62 +1.20
K-562 7.79 £0.63
Mucin + IL-2 HPAF 1.03+0.38
PANC-1 10.27 £0.34
K-562 11.04 £ 0.08

aTP-T-cells were established from tumour-draining lymph nodes of a pancreatic adenocarcinoma
patient against heterologous pancreatic tumour cells T3M4 by repeated stimulation with irradiated
tumour cells in the presence of 5 U mI* interleukin-2 for 2 months. ®T3M4-specific heterologous
cytotoxic T-cells were repeatedly cultured with 1900 U miI~* mucin and 5 U mi~* IL-2 for 5 weeks.
°Peripheral blood mononuclear cells (PBMCs) from a cancer patient were repeatedly cultured with
5 U ml IL-2 or 1900 U mI-* mucin plus 5 U ml* IL-2 for 5 weeks. The data represent the cytolytic
activity of T-cell lines assessed after continuous culture against Chromium-51-labelled tumour cell
targets using various effector (E) to target (T) ratios. Values represent percentage specific lysis
obtained at E:T 25:1 in a 4 h Chromium-51 release assay. Each experiment was repeated three
times, and data from one representative experiment are shown.

Table 8 Lack of stimulatory effect of mucin on pancreatic cancer patient's PBMCs

Experimental Proliferative index

groups Expt. 1 Expt. 2
1. PBMCs 1.00 1.00
2. PBMCs + IL-2 (5 U mI?%) 37.13+0.88 24.38 £ 0.94
3. PBMCs + Mucin (475 U ml?) 0.56 +0.09 0.62 +£0.01
4. PBMCs + Mucin (950 U ml%) 0.37 £0.03 0.59 +0.07
5. PBMCs + Mucin (1900 U ml) 0.46 £0.13 0.54 £0.11
6. PBMCs + Mucin (2375 U ml) 0.49 +0.07 0.57 +0.05
7. PBMCs + IL-2 (5 U mI?) + Mucin (475 U mi) 34.45+0.29 23.45+0.61
8. PBMCs + IL-2 (5 U mI-*) + Mucin (950 U ml) 34.80 + 0.60 23.12 +0.86
9. PBMCs + IL-2 (5 U mI~*) + Mucin (1900 U mlI-%) 31.77 £ 1.592 21.67 +1.35°

10. PBMCs + IL-2 (5 U mlI**) + Mucin (2375 U ml?) 28.93 +1.12° 19.57 £ 1.14¢

The proliferative response ([*H]-thymidine incorporation) of PBMCs from cancer patients was determined following 3-day incubation in triplicates with 5 U mI
IL-2 or varying concentrations (475 U ml-* to 2375 U mI) of mucin in the presence or absence of 5 U mI* IL-2. 2¢dSjgnificantly different from PBMCs incubated
with IL-2, 2P < 0.05; "Not significant; °P < 0.01; ¢P < 0.05.
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the initial stimulator T3M4. Similarly, PANC-1-reactive CTLs, experiments. Although, in a later study (Jerome et al, 1991),
after culturing repeatedly with mucin plus IL-2 for 5 weeks, HLA-defined breast and pancreatic tumour cell-reactive T-cells
displayed an unresponsiveness to PANC-1 cells (data not shownyere used in some cases, the complexity involved in the stimula-
PBMCs derived from a cancer patient, cultured either withtion of lymph node cells with varying heterologous tumour cells
5U mitIL-2 or 1900 U mtt mucin plus 5 U mt IL-2, exhibited by rotation precludes observation of the hidden MHC-restricted
low level killing of non-mucinous PANC-1 cells and NK cell recognition. The potential alloreactivity in the heterologous
target, K-562 cells, with negligible cytotoxicity against mucinoustumour cell-reactive T-cell system might have contributed to the
HPAF cells (Table 7). Culturing fresh PBMCs from cancer patientsellular immune response which the previous investigators
for 3 days with varying concentration of mucin in the presence oattributed solely to MUC-1 reactivity (Barnd et al, 1989; Jerome
5 U mi?tIL-2, did not stimulate a proliferative response over IL-2 et al, 1991; Magarian-Blander et al, 1998). Notably, one of the
alone (Table 8). Rather, 1900 and 2375 U'mbncentrations of  synthetic nine-amino acid long peptides designed from the section
mucin decreased the proliferative response induced by IL-®f the tandem repeats of mucin was shown to bind HLA-A11 and
(11-14% and 20-22% decrease respectivBlys 0.05). The to generate peptide-specific CTLs from PBLs of several healthy
results of these experiments reveal that the purified muciniLA-A1l donors (Domenech et al, 1995). The characteristics of
(a) rendered the heterologous pancreatic tumour cell-reactivibis HLA-restricted epitope in the T-cell response to autologous,
T-cells unresponsive to its target even in the presence of IL-2, arehd/or heterologous, mucin-expressing pancreatic tumour cells
(b) did not produce mucin- or tumour-reactive T-cells fromwere not determined. Subsequent indirect studies which extended
patients’ peripheral blood cells even in the presence of antigerthe atypical recognition of mucin by tumour cell-reactive heterolo-
presenting cells and IL-2. These results fail to support thgous T-cells are inconclusive (Domenech et al, 1995; Henderson et
contention that mucin is an antigen recognized by T-cells fronal, 1996; Magarian-Blander et al, 1996, 1998; Bohm et al, 1997;

cancer patients. Goydos et al, 1997). Mucin has yet to be demonstrated as an
antigen recognized by pancreatic tumour cell-reactive autologous
DISCUSSION T-cells.

Consistent with the present findings, other investigators (Katano

Barnd et al (1989) claimed a general MHC-unrestricted recognigt al, 1993; Wolfel et al, 1993; Peiper et al, 189&stablished
tion of mucin by heterologous T-cells based on one patient. Singgancreatic tumour-reactive autologous T-cell systems and demon-
an autologous cell system was not available, Barnd et al (198Qrated that CTLs indeed lysed autologous tumour cells in an HLA
used a heterologous cell system. The results of our investigatiflass I-restricted fashion. No significant cytotoxicity was found
do not support MHC-unrestricted recognition of pancreatic tumoupgainst autologous fibroblasts, several heterologous pancreatic
mucin by pancreatic tumour cell-reactive heterologous cytotoxi¢ancer cell lines or an NK cell target, K-562 cells. Subsequently,
T-cells. WM-cytotoxic T-cells established against heterologouspeiper et al (1993 demonstrated that autologous pancreatic
tumour cells HPAF lysed the stimulating target cells HPAF as wellymour-reactive CTLs recognized HER2/neu, a transmembrane
as mucin-non-expressing PBL-blast cells that possessed matchipgotein with extensive homology to the epidermal growth factor
MHC class | alleles with the stimulator (HPAF). These T-cells,receptor. These CTLs from pancreatic tumour-associated lympho-
however, did not lyse autologous tumour cells in spite ofcytes were shown to recognize autologous and heterologous
expressing mucin on the surface, further indicating an allogeneigeR2/ned tumour cells in an HLA-A2-restricted fashion. In an
response. Furthermore, the autologous T-cells, proliferated againgidirect approach, other investigators detected primed MHC-
their own tumour cell target WM, did not respond to heterologousgestricted T-cell immunity to p2iras protein and/or peptides in
mucinous-tumour cell line HPAF, thus revealing no MHC- some patient with pancreatic and colon cancer (Qin et al, 1995;
unrestricted recognition of mucin. Even, PBMC-derived LAK Gijertsen et al, 1996). In the present work, autologous pancreatic
cells did not universally recognize pancreatic tumour cells thafymour cell-reactive CD4T-cells but not CD8 T-cells were
expressed mucin. If mucin were recognized, LAK cells wouldgenerated from tumour-infiltrating and peripheral blood lympho-
have killed the autologous pancreatic tumour cells that expresse§tes. Of note, during an initial expansion of autologous tumour
mucin. In another paper, Jerome et al (1991) reported that lympie||-reactive T-cells from peripheral blood mononuclear cells,
node cells obtained from two patients were alternatively StimUCytotoxiC CDS8 T-cells were seen (RS Se|van, unpublished obser-
lated by varying the stimulator cells (lymph node cells from eaclyation). After a few rounds of stimulation with irradiated autolo-
patient were stimulated with five different heterologous, HLA- gous tumour cells and IL-2, only non-cytotoxic CO4cells were
unmatched tumour cells in an alternating fashion). It is uncleaéxpanded_ The functional role of such T-cells is currently
what kinds of T-cells were generated in such a situation. Althougfinknown. In a melanoma system, investigators have demonstratec
these investigators justified the use of such a method ohat autologous melanoma-reactive CD# cells possessed
Stimulation, their observation does not unequivocally disregard thguppressor function against Cytotoxic T-cell function (Chakraborty
presence of alloreactivity. If one were to agree that such methogt al, 1990). The existence of suppressor T-cell function attribut-
ology is appropriate, it should have been employed in other studiegle to our autologous pancreatic tumour-reactive ‘Chdells
as well. That does not seem to be the case (Barnd et al, 198@mains to be determined.
Margarian-Blander et al, 1998). The results of the present study also raise the question whethe

In the present study, we did not observe a promiscuous reaguycin is significantly immunogenic. We did not observe stimula-
tivity of heterologous T-cells against a variety of mucin-expressingory effects of purified tumour-mucin and IL-2 on established,
pancreatic and breast tumour cell lines. An initial study by Barngheterologous pancreatic tumour cell-reactive T-cells. This suggests
et al (1989) on heterologous pancreatic tumour cell-reactivgnat (a) purified mucin does not replace the stimulating mucinous-
T-cells did not provide information regarding the similarities andtumour cells, and (b) the lack of periodic stimulation diminishes
the differences in HLA class | molecules of cells used in theikhe reactivity of established T-cells against the stimulating target
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cells. Furthermore, we could not establish mucin- or mucinougmmunocytochemistry; Angelica DeOliveria for devoting her time
tumour cell-reactive T-cells from patients’ PBMCs with purified in HLA typing of tumour cells and peripheral blood lymphocytes;
mucin and IL-2, even in the presence of antigen-presenting celland Michael J Cook for flow cytometry analysis. George Padilla,
Our results suggest that in our autologous system, mucin is mohMepur Ravindranath, Rob Stephenson, Penny Miron and Scott
likely not the recognition antigen. If it were the antigen, we wouldPruitt are gratefully acknowledged for critical comments on the
have generated mucin or tumour-specific T-cell response frormanuscript. Clinical samples used in this work were obtained in
PBMCs, lymph node cells or splenic cells of mucinous-tumouraccordance with the institutional review board (IRB) protocols and
patients, cultured with purified mucin and IL-2. We did not detectpatient’s consent.
such a response in our cultures. We cannot rule out the possibility
that tumour-reactive autologous T-cells might still be recognizing
unique determlnaqt(s) of mucin on tum_our cells. _In order to estabFEEFERE,\lCES
lish whether mucin on tumour cells is recognized by T cells,
unique determinants need to be identified using a direct approach

qh fecti ith lib fg . PP Agrawal B, Krantz MJ, Reddish MA and Longenecker B (1998) Cancer-associated
such as gene transfection wit (.:DNA iorary 0 mucmogs tumour MUC1 mucin inhibits human T cell proliferation, which is reversible by IL-2.
cells, and subsequent screening of transfectants with tumour Nat Med4: 43-49
cell-reactive autologous T-cell clone (Deplean et al, 1997)Barnd DL, Lan MS, Metzgar RS and Finn OJ (1989) Specific, major
Interestingly, previous investigators (Barnd et al, 1989) observed h'St‘?congpat'kt’"'t‘y ?O_Tp'ﬁi;””re;‘”;fd r;-‘csog“L'J“SOA"G_OL;“5’;‘0;‘;'2;300"”“9"
that purified tumour-mucin directly stimulated the T-cells thatg dr:;rﬂzsA o OAX'prpCeika'r's; MaTO;;iangL and Rosenberg SA (1689)
were established against mucin-expressing hetemlOgous pancre- nyman tumor-infiltrating lymphocytes: analysis of lymphokine mRNA
atic tumour cells. Further investigations explored the role of mucin  expression and relevance to cancer immunothedapymunol142
as a possible tumour vaccine (Goydos et al, 1997). A recent study 4520-4526 _ _ _
(McKolanis et al, 1996) noted that mucin-specific T-cells are veryP°ohm EM. Mulder MC, Zennadi R, Notter M, Schmitt-Graft A, Finn 0J, Taylor

int draini | h d MUC-1 h Iso b h Papadimitriou J, Stein H, Clausen H, Riecken EO and Hanski C (1997)
rare in _umour raining _ymp nodes. - 5}5_3 SO been shown Carbohydrate recognition on MUC1-expressing targets enhances cytotoxicity
not to induce apoptosis in T-cells but to inhibit human T-cell of a T cell subpopulatiorScand J Immunal6; 27—34
proliferative responses (Agrawal et al, 1998; Boussiotis et algorowitz MJ, Tuck FL, Sindelar WF, Fernsten PD and Metzgar RS (1984)
1998). In addition, a previous study (Agrawal et al, 1998) demon- "’LOSSCEA”S' ;”ti‘:_"dies agTi”Sdt T“ma'?tﬁal'_‘”eaéic gde”ocaf_‘:igsgﬁi distribution
. - - O - -Z antigen on glandular epithelia and adaenocarcin
strated that polyclonaln prollferatlye response qf T-cells was Cancer NS 9991005
re_Stored Whe'j‘ IL-2 was included with purified mucin. Contrary t0goussiotis VA, Freeman GJ, Gribben JG, Hayes DF and Nadler LM (1998) No
this observation, Paul et al (1999) found no evidence for an evidence for MUC1-induced apoptodi@at Med4: 1093
inhibitory role for MUC-1. Furthermore, in sharp contrast to theChakraborty NG, Twardzik DR, Sivanandham M, Ergin MT, Hellstrom KE and
present study previous investigators (Wahab and Metzgar 1991) Mukherji B (1990) Autologous melanoma-induced activation of regulatory T
’ S . ’ cells that suppress cytotoxic resporlsbnmunoll45 2359-2364

npted that T-cells Were |nh|b|ted by HPAF cell§ which e).(presse%e Plean E, Lurquin C, Lethe B, van der Bruggen P, Brichard V, Renauld JC, Coulie
high levels of mucin. This observation questions the immuno-  p, van Pel A and Boon T (1997) Identification of genes coding for tumor
genicity of pancreatic tumour mucin, MUC-1. antigens recognized by cytolytic T lymphocytitethodsl2: 125-142

Investigations on autologous pancreatic tumour ceII-reactivé?"me”etc,ht'\‘cvi Heft‘dersfo” th a’:d ';'”” o (19t9:) 'd‘?”“f'fcti“on c')tfhaT' Fl”t-A'All'
T cells as well as HLA-defined heterologous pancreatic tumour ;istigg:mﬁs;ngpﬁq o on Arae e oThe epTRetaHmor
cell-reactive T-cells underscore the importance of eStainS|'1in@jertsen MK, Saeterdal I, Thorsby E and Gaudernack G (1996) Characterization of
several pancreatic tumour cell-reactive, autologous T-cell systems immune responses in pancreatic carcinoma patients after mutant p21 ras
in vitro for use in the identification of novel tumour-associated  peptide vaccinatiorBr J Cancer74: 1828-1833 _
antigens. Eor example the identification of immunological ands-oydos JS, Elder E, Whiteside TL, Finn OJ and Lotze MT (1997) A phase | trial of
genetic reagents displalying the appropriate specificity will help in a synthetic mucin peptide vaccine. Induction of specific immune reactivity in

. e - - patients with adenocarcinomhSurg Re$3: 298-304

distinguishing between pancreatic adenocarcinoma and normatem J (1997) The prognostic importance of tumor markers in adenocarcinoma of
pancreas (Grem, 1997). A large number of studies have identified the gastrointestinal tracturr Opin Oncol9: 380-387
several novel tumour-associated antigens using autologous T-ceff§mm t'EA} "’('jalf_ﬁmdef”A'hZha”Q HZ a”Ld Rosinbfrg ISC”(1982)_ '-tymtpfh(’k'h”e' y
- . . - . activate: lller cell pnenomenon. Lysis of natural Killer-resistant fresh soll
in-other $0|Id mal|gnan0|es such _as melanoma (RObbl_ns_ and tumor cells by interleukin 2-activated autologous human peripheral blood
nga_kamh 1996). Ultlmgtely, there is a neegl for systematic |_den- lymphocytes. Exp MedL55 1823-1841
tification and characterization of pancreatic tumour-associatedenderson RA, Nimgaonkar MT, Watkins SC, Robbins PF, Ball ED and Finn OJ
antigens. The immune responses directed against them will (1996) Humar? dendritic cells g'enetically. engineered to express high levels of
advance our understanding of pancreatic tumour-specific immu- ;hY‘aGg“;“;‘?”Oep'the"a' tumor antigen mucin (MUCQancer Res6:
nity and facilitate the developments of novel therapeutics, possibly, ;e KR, Band DL, Bendt KM, Boyer CM, Taylor-Papadimitriou J, McKenzie

including tumour vaccines. IFC, Bast RC Jr and Finn OJ (1991) Cytotoxic T lymphocytes derived from
patients with breast adenocarcinoma recognize an epitope present on the
protein core of a mucin molecule preferentially expressed by malignant cells.
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