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Effects of Different Culture Protocols on the
Expression of Discrete T-cell Receptor Variable
Regions in Human Tumour Infiltrating
Lymphocytes

Luis Filgueira, Markus Zuber, Adrian Merlo, Felix Harder, Michael Heberer
and Giulio C. Spagnoli

Therapeutic effects of tumour infiltrating lymphocytes (TIL) rely on T-cell receptor (TCR) engagement. In this
work, the expression of five TCR o/ variable (V) domains was quantitatively analysed by means of a panel of
monoclonal antibodies (Mab) recognising gene products from TCR Va2, VB5, VB6, VB8 and VP12 families in
freshly isolated TIL and in autologous peripheral blood mononuclear cells (PBMC) from patients with neoplasms.
In 3 out of 6 cases, differences in the expression of V5, VB6, VB8 or V312 could be detected. TIL populations
were expanded by using recombinant human interleukin-2 (rhIL-2) alone or in addition to solid phase bound anti-
CD3 Mab. Cultured TIL showed similar CD4/CD8 ratios and cytotoxic activity against autologous neoplastic
target cells, regardless of the activation protocol. In 4 patients, the expression of TCR o/p V gene products, as
compared with TIL from freshly excised tumours, was found to be modified in cultured TIL, especially in cell
populations activated with rhIL-2 only. These results indicate that TCR V gene usage in TIL may quantitatively
differ from that in PBMC. TIL culture protocols using rhIL-2 alone or in combination with solid phase bound

anti-CD3 may result in differential expression of discrete TCR V families.
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INTRODUCTION
MosT HUMAN neoplasms show some degree of lymphoid infil-
tration [1], and tumour infiltrating lymphocytes (TIL) from a
significant majority of patients can be induced to proliferate to
cell numbers compatible with use in adoptive therapies [2-4].

Anti-tumour effects of TIL seem to rely on T-cell receptor
(TCR) engagement [5]. Recently, the availability of monoclonal
antibody (Mab) and molecular probes identifying specific TCR
variable domain (V) gene products has allowed the study of the
TCR repertoire involved in the response to a variety of antigens
in vitro and in vivo [6-9].

Use of TIL in adoptive immunotherapies requires in vitro
expansion by different culture protocols. Therefore, we investi-
gated the effects of these activation steps on the expression of
TCR V gene products, as originally represented in TIL at the
time of surgical excision.

Thus, a panel of Mab recognising specific TCR V domains,
was used to evaluate the quantitative expression of five TCR V
gene products in TIL from freshly excised tumours in compari-
son with autologous peripheral blood mononuclear cells
(PBMC). Subsequently, the effects of long-term culture accord-
ing to two different protocols, on the expression of the TCR V
gene products under study were comparatively analysed. TIL
were cultured in the presence of recombinant interleukin 2(rhIL-
2) alone or in combination with solid phase bound anti-CD3.

Our results suggest that in some patients expression of discrete
TCR V genes in TIL is different from that detectable in
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simultaneously sampled PBMC. Most importantly, we here
report that the two protocols most commonly used to expand
TIL [2, 3], have different effects on the expression of these TCR
V families, as compared with uncultured TIL populations.

PATIENTS AND METHODS
Patients
7 patients bearing primary or metastatic renal cell carcinoma
(RCC, n = 2), melanoma (n = 3) or colorectal carcinoma
(n = 2) presenting to our clinic for surgical treatment were
studied (Table 1). None of the patients underwent chemo-,
radio- or immunotherapeutic treatment before surgery.

Cell preparation and culture

Freshly excised biopsy specimens were mechanically dis-
sociated and single cell suspensions were obtained by enzymatic
digestion [2, 3]. The enzyme cocktail used throughout this study
contained collagenase type IV, 0.1% w/v, 2.4 U/ml hyaluronidase
type V and 0.01% w/v DNAse (all from Sigma Chemical Co.,
St. Louis, Missouri, U.S.A.) in RPMI 1640 (Gibco, Paisley,
Scotland, U.K.) Cells were digested for 3 h, washed and used
for cultures or phenotypes. Cell viability after digestion always
exceeded 90%, and preliminary tests indicated that enzyme
treatment did not affect the expression of the epitopes recognised
by the Mab used in this study (data not shown). Autologous
venous samples were also obtained at the time of surgery and
mononuclear cells were isolated by gradient centrifugation on
Lymphoprep (Nycomed, Oslo, Norway) by standard tech-
niques. Tumour-derived cell suspensions were resuspended in
RPMI 1640 supplemented with glutamine (1 mmol/l), penicillin
(50 IU/ml), streptomycin (50 pg/ml) (Gibco) and 5% v/v human
AB serum (hereafter referred to as complete medium) at a final
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TIL as % of live cellsin
Age TIL per gram the single-cell

Case (years) Sex Histology Tumour site  tumour biopsy suspension™
1 62 F  Renal cell carcinoma Primary 5.5 x 108 35
2 53 M  Renal cell carcinoma Primary 3.5 x 105 11
3 67 M Melanoma Lymph node 5.1 x 107 55
4 52 M Melanoma Brain 3.3 x 108 2
5 50 F Melanoma Lymph node 8.4 x 10° 16
6 67 F  Colorectal carcinoma Lymph node 1.1 x 108 81
7 s2 M Colorectal carcinoma Lymphnode 3.9 x 10¢ 34

yiiipal CGC

*Tumour infiltrating lymphocytes (TIL) were defined as CD45 “bright”/CD14- cells presenting typical
forward and side scatter lymphocyte cytometric parameters.

concentration of 2-3 X 10° cells/mi. Cells were subsequently
incubated overnight in the presence of rhIL-2, 1000 U/ml
(F. Hoffmann-La Roche Ltd., Basel, Switzerland). On the
following day half of the cultures were transferred for 48 h to 6-
well trays (Costar, Cambridge, Massachusetts, U.S.A.) pre-
viously coated with a mitogenic anti-CD3 € Mab, in ascitic form,
in a 1:10000 final dilution (CB3G, a kind gift of Prof. F.
Malavasi, Turin, Italy) [10]. Cultures were incubated at 37°C in

J /0 \/UZ uuuuuulcu 4lulprllClC auu })Cllw.lbduy ICIW Wll.ll
fresh complete medium supplemented with rhIL-2 (200 U/ml).
Cultures pulsed with anti-CD3 on day 1 were further stimulated
with solid phase bound Mab on day 14.

Flow cytometry
Freshly isolated or cultured cell populations were stained

Wllll COIMIMCT! L]dl, uuoro(,nrumc-ldocucu AVldO rcu)gmbmg bUD,
CD4, CD8, CD14, CD16, CD45, CD56, CD69, HLA-DR and
TCR o/B (WT31) or v/3 (11F2) framework determinants (all
from Becton Dickinson, Mountain View, California, U.S.A.).
Specific fluorescence was analysed on cells gated according
to side scatter and forward scatter cytometric parameters by
FACScan, taking advantage of Paint-a-gate software (both from
Becton Dickinson). Data were expressed as percentages of total
lymphocytes in the gate (CD45 “bright”/CD14-cells). Data

carninog CNEQ HT A MR TR /A and ~:/8 wara nhtainad
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in double labelling assays together with anti-CD3 and were
referred to as percentages of CD3+ cells.

The expression of TCR a/f V gene products was studied by
means of specific Mab in indirect immunofluorescence tests.
Seven commercially available Mab were used (Diversi-T panel
from T Cell Sciences, Cambridge, Massachusetts, U.S.A.).
Three of these recognise partialiy overiapping V5 subfamiiies
(clones 1C1, Vp5a, W112, VBSb, and LC4, VB5¢c) [11-13].
Three recognise VRB6, VB8 and V312 gene products (clones
OT145, 16G8 and S511, respectively) [14, 15] and Mab F1 [16]
identifies a Va2 subfamily. Another Mab, previously character-
ised, directed against VB8 (17-34-11, VB8b), was also used [17].
After staining with specific Mab (30 min at 4°C) cells were
washed and incubated in the presence of fluorescein isothiocyan-
ate (FITC) (Fab), goat anti mouse Ig antibodies (Jackson
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30 min at 4°C, and washed. Specific fluorescence was evaluated
by acquiring 30 000 gated cells per measurement. Data concern-
ing Vo and VB were expressed as percentages of /B + cells.
Phenotypic analysis of T-cell receptor V domain expression
proved to be remarkably reliable in that multiple measurements

performed in identical cell populations with the same reagents
provided consistently reproducible data, with mean standard
deviations never exceeding 2% (data not shown). Based on this,
a cut-off value of 4% was selected, and expression of discrete
TCR V products was considered as discordant when percent of
positive cells in paired cell populations differed by 4% or more.

Cytotoxicin;y
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NK resistant 1301 cell lines and autologous fresh frozen tumour
cells was evaluated by 3!Cr release assays as previously described
{18]. Briefly, effector cells were washed and resuspended in
RPMI 10% fetal calf serum (FCS). Target cells were labelled for
1 h with 5.55 MBq of a Na’!Cr solution (Du Pont, Regensdorf,
Switzerland), extensively washed and added to the effector cells
at different effector;target ratios. After incubation for 4 h at
37°C in humidified atmosphere, culture supernatants were col-
lected and counted with a y-counter, Specific cytotoxicity was
calculated according to the standard formula [10]. Spontaneous
mean 'Cr release ranged between 30 and 40% for autologous
targets and did not exceed 10% for established cell lines.

RESULTS
Isolation and characterisation of T1. L

Thimanr narinharal hland dariva, A call
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stained with phycoerythrine (PE) labelled anti-CD14 and FITC
labelled anti-CD45 and analysed by FACScan. By analysing
CD14—/CD45 “bright” cells, characterised by typical forward
and side scatter cytometric parameters, we were able to estimate
the percentages of lymphocytes in individual cell suspensions.
Percent of lymphocytes ranged between 2 and 81% (median:
34%). Absolute numbers of lymphocytes per gram of biopsy
specimen ranged between 3.5 x 10° and 1.1 X 10® (median:
5.5 x 105 (Table 1), Percentages of CD3+  CD4+ and CDR+
Iymphocytes in tumour suspensions did not significantly differ
from those detected in autologous, simultaneously sampled
PBMUC, as estimated by the Wilcoxon signed-rank test. On the
other hand, the percentage of cells presenting a NK phenotype
(CD16 and/or CD56+, CD3—) was found to be significantly
higher in PBMC than in autologous TIL suspensions (15 = 8%
vs. 4 = 3%) (Fig. la).

Significantly higher percentages of CD3+ cells expressing
HLA-DR and CD69, as detectable by two-colour fluorescence,
were observed in TIL populations, as compared with autologous
PBMC (32 = 18% vs. 5 = 2% and 60 * 30% vs. 4 = 2%,
respectively) (Fig.1b).
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Fig. 1. Phenotypic characteristics of freshly isolated and cultured
TIL. (a) TIL from freshly excised biopsy specimens (O) and autolog-
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analysed by FACS. Percentages of CD3, CD16/56, CD4 and CD8
positive cells are referred to CD45 “bright”/CD14-cell populations
characterised by typical lymphocyte forward and side scatter cyto-
metric parameters. (b) expression of activation markers (CD69 and
HLA-DR) in TIL (O) and PBMC (O) was evaluated by double
labelling with anti-CD3. Data are presented as percentages of CD3+
cells. (c) Data reported concern TIL activated with rhIL-2 alone (0J)
or rhIL-2 solid phase bound anti-CD?3 (). Data obtained at the time
of surgical excision ((0) are also shown. All data are reported as

percentages of CD45 “bright”’/CD14-cells. For any other details see
Materials and Methads, Asterisks indicate P < 0,05
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TCR analysis in TIL and PBMC at the time of surgery
In 6 patients out of 7 (PBMC from patient 6 could not be
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analyse TCR expression in TIL and autologous PBMC sampled,
simultaneously, at the time of surgical excision (Table 2). T-
cells expressing TCR o/p were found to be largely prevailing on
+/8 positive T-cells. In 3 patients (2, 3 and 4), however,
differences were detected between TIL and PBMC in the
percentages of /8 cells (1.6 vs. 5.8%, 5 vs. 15% and 10.6 vs.
1.6%, respectively). Regarding expression of TCR V gene
products, a major finding was that in 39 out of 44 measurements
(88.6%) the percentages of positive cells in paired TIL and
PBMC populations consistently differed by 2% or less, and were
thus considered “concordant”. Differences equal to or greater
than 4% could also be reproducibly detected. In RCC patient 2,
13.3% of peripheral blood T-cells expressed a TCR V@5 gene
product identified by 1C1 Mab, as compared with 4.1% in TIL.
In melanoma patient 4, a lower expression of TCR V36 and V38

was observed in TIL from a brain metastasis, as compared with

s observed in TIL from a brain metastasis, as compared with
autologous PBMC (4.3 vs. 11.7% and 7 vs. 24.6%). In colorectal
carcinoma patient 7 we observed an increased expression of TCR
VPS5, as identified by LC4 Mab and of V@12 in TIL as compared
with autologous peripheral blood T cells (5.8 vs. 1.8% and 6.1
vs. 2.1%, respectiveiy).

L. Filgueira et al.
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Successful expansion of TIL according to the two protocols
could be obtained in all patients except for RCC patient number
2. Cultures of TIL pulsed with anti-CD3 resulted in significantly
higher cell proliferation as compared with the “rhIL-2 only”
protocol. Indeed, they showed a mean 148-fold expansion, as
compared with a mean 19-fold expansion in TIL cultured
with rhIL-2 only, after 5 weeks of incubation. Phenotypic
characterisation (Fig. 1c) indicated that the great majority of

cultured TIL g ware PDQ—L indenendent of the activation nroto-
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col. In TIL activated by rhIL-2 alone, however, the percentage
of CD3+ cells was similar to that observed at the time of surgery,
whereas a significant increase could be observed in TIL cuitured
in the presence of anti-CD3 Mab plus rhIL-2. Most CD3+ cells
were CD8+ in TIL activated according to either protocol
(70 = 24% for “rhIL-2 alone” vs. 71 = 31% for “rhIL-2 plus

aemes TNV PR ~ont i eraacs 10 tha o came oF ~all
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compared with data obtained from biopsies was observed in all
patients. No difference was detected in the percentage of CD4+
cells in populations cultured according to either protocol. In all
patients, however, the percentage of CD4+ cells was decreased,
in comparison with the biopsies, regardless of which activation
protocol was used. In contrast, the percentage of TIL displaying

CDi6+CD56+/CD3- “NK” phenotype was significantly

higher in the cell population cultured in the presence of rhIl.-2
as rvemnofpd with the anti.CD2 nuleed TIT (17 + 1]°A
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%) or with uncultured TIL (3.3 + 3%).
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Cytotoxicity assays

TIL populations, activated by the two protocols, were tested
in cytotoxicity assays against NK sensitive and NK resistant cell
lines and uncultured autologous tumour cells. All tests were

performed after 4 weeks of culture. Cytotoxic dt.uv‘uy dgdel.
K562 cell line was found to be significantly higher (54=15% vs.

33+26% at 50:1 E:T ratios, P = 0.0134, two tailed paired t-
test) in TIL populations cultured in the presence of thIL-2 only,
as compared to those activated according to the “rhIL-2 plus
anti-CD3” protocol (Tabie 3). In contrast, no significant differ-
ences could be detected when 1301, a NK resistant cell line, was
used as target (median: 13.5%, range: 5-55% and median 12.5%,
range 0-34% at 50:1 E:T ratios, for rhIL-2 alone and anti-CD3

nhie rthIT 2 racnectively Natahlu in natient 4 nn cvtotavicity
Paus i -2, rESpeCuively ). INOIa0ty, i palitnl 4 O CYIOICXICIY

against either K562 or 1301 cell lines could be detected in anti-
CD3 activated TIL. Cytotoxic activity against fresh frozen
autologous tumour cells was observed in melanoma and RCC
patients but not in patients affected by colorectal carcinoma and
its extent was not influenced by the activation protocol (median:
6.5%, range: 0—48% and median: 10.5%, range 0-41% at

50:1 j o4 l. rdUUb, IUI' rﬂlL L dlUIlC dllu I'ﬂlb L plub dIIU'\/UJ,
respectively).

TCR expression in cultured TIL

The great majority of cultured TIL expressed TCR o/
regardless of the activation protocol (Table 4). In patients 1 and
7 percentages of cells expressing TCR /3 were significantly
higher in “rhiL.-Z aione” stimuiated T-celis than in unstimuiated
TIL or in anti-CD3 pulsed TIL, where they did not differ from

each other (Tal-\lp A\ In patient4 no -\;/S-&— cellg could he detected

Calil OUlet 18 (ot paucny & Ll LLLs LOuG DL Gorelice

in the cultured cell populations, regardless of the activation
protocol, as opposed to 10% in freshly isolated TIL. In patient 6,
higher percentages of cultured TIL, regardless of the activation
protocol, expressed TCR /8 as compared with uncultured TIL.
A significantly higher percentage, however, could be observed
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Table 2. TCR gene product expression in freshly isolated TIL and autologous peripheral

blood T-cells
Cell

Case* populations off yd Va2al VRSa VBS5b VBbSc VB6a V38a VR8b VB12a
1 PBMC 95.2 48 15 1.8 02 19 42 23 ND§oO.7

TIL 95.3 47 25 23 09 14 25 15 33 1.0
2 PBMC 942 58| 66 133] 25 ND 57 61 ND 68

TIL 984 16 68 41 27 ND 40 60 ND 73
3 PBMC 85.0 150 37 23 09 18 13 40 33 1.0

TIL 95.0 50 29 29 10 26 1.3 49 49 1.7
4 PBMC 984 1.6 64 64 26 56 11.7] 87 24.6] 5.2

TIL 89.4 10.6] 49 46 35 57 43 60 7.0 25
5 PBMC 98.7 13 36 29 09 29 39 54 65 19

TIL 97.5 25 15 15 08 14 25 28 35 1.0
7 PBMC 98.5 1.5 3.7 1.7 1.5 1.8 s.9 3.1 45 2.1

TIL 980 20 37 40 39 58| 30 53 ND 6.l

*PBMC from patient 6 were not available. tData are reported as percent of CD3 + cells. Data

are reported as percent of TCRaf cells. {ND =

in TIL cultured in the presence of “rhIL-2 alone” as compared
with anti-CD3 pulsed TIL.

Expression of TCR a/f V gene products detectable by our
Mab panel was studied in TIL from 6 patients, where we could
compare data obtained in cell populations cultured according to
the different protocols. Phenotypes were analysed after 4-5
weeks of culture. Representative histograms, referred to pati-
ent’s 4 TIL, cultured according to either protocol are reported
in Fig. 2. In two thirds of the paired measurements (36/48)
differences in the per cent of cells bearing V gene products
recognised by our Mab panel in the two cell populations never
exceeded 2%. In contrast, in patient 4, about 25% of the “rhIL-
2 only” activated TIL expressed TCR V@ chains recognised by
1C1 and W112 anti VB5 Mab, as opposed to 3.3% and 1.6%,
respectively, in TIL activated with anti-CD3 and rhIL-2. On
the other hand, expression of VB8 gene products identified by
17-34-11 Mab was increased in anti-CD3 pulsed TIL (Table 3).
These differences were repeatedly detected in serial measure-
ments performed at different culture times (data not shown).

Table 3. Cytotoxic activity against different target cells in cultured

TIL
Activation IL-2* Anti-CD3 and IL-2}
protocol
Autologous Autologous

Target K562 1301 tumourcells K562 1301 tumour cells
Casef

1 72§ 55 4 66 34 14

3 41 36 48 18 21 41

4 36 5 9 0 0 7

5 72 17 24 61 17 21

6 48 5 0 36 8 0

7 55 10 0 16 8 0

*TIL were cultured for 4 weeks in the presence of rhILL-2 (200 U/ml).
+TIL were cultured for 4 weeks in the presence of rhIL-2 (200 U/ml)
and pulsed with solid bound anti-CD3 Mab on day 1 and 14.

$“In vitro” expansion of TIL from patient 2 could not be obtained.
§Mean percentage of specific 3!Cr release at a E:T ratio of 50:1, derived
from triplicates tests.

Not done. ||Differences = 4%.

The expression of TCR V gene products was then analysed in
activated TIL according to either protocol in comparison with
uncultured TIL, as observed on the day of surgical excision. In
10 out of 47 paired measurements (21.2%) the expression of
discrete TCR /B V-gene products was found to be discordant
between rhlL-2 activated TIL and their uncultured counter-
parts. In TIL activated with rhIL-2 plus anti-CD3, such differ-
ences were observed in only 3 out of 47 paired measurements
(6.4%). In patient 4, the percentage of cells expressing TCR
VBS5 and VB8 at the time of surgical excision or after 4 weeks of
culture according to the rhIL-2 plus anti-CD3 protocol did not
show differences higher than 2%. In contrast, as reported above,
about 25% of TIL, activated with rhIL.-2 only, expressed VB35,
but 2.5% only expressed V@8. In patient 5 an increase in VB8+
cells, as compared with uncultured TIL could be detected
exclusively in “rhIL-2 only” activated TIL. In patient 6, 12.7%
of freshly isolated TIL expressed VB8, as opposed to 2.6% or
3.4%, depending on the antibody used, in TIL activated with
rhIL-2 only. The percentage of T cells expressing VB8 was also
reduced in TIL activated with rhIL-2 plus anti-CD3 (6.2% and
6% with the two Mab). Expression of V812 was also decreased
in cultured TIL regardless of the activation protocol, while the
percentage of Va2+ cells was reduced mainly in “rhIL-2 only”
cultured TIL. Finally, TCR VBS5c expression was virtually
absent in “rhIL-2 only” cultured TIL from patient 7, as com-
pared with 5.8% and 4.6% in uncultured and in anti-CD3 pulsed
TIL, respectively.

DISCUSSION

Tumour infiltration by lymphocytes is often considered to
result from an abortive immune response against autologous
neoplastic cells [1]. Further, in some neoplasms the extent of
infiltration can be correlated with patients’ survival {19]. Based
on these findings and on the availability of recombinant cyto-
kines, protocols have been designed to expand TIL in vitro for
adoptive immunotherapy trials [2—4]. In particular, TIL have
been stimulated with rhIL-2 alone or in combination with solid
phase bound anti-CD3 in order to obtain quantities of cells
suitable for therapeutic use [2, 3]. Since the effects of TIL
appear to be mediated by TCR engagement [5], the analysis of
the TCR V gene usage in TIL at the time of the surgery, and of
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Table 4. TCR gene product expression in freshly isolated and cultured TIL

Case* Cell populations apt  vd Va2Zai VB5a VBb5b VB5c VB6a VEb8a VB8b VBI12a

1 Fresh TIL§ 95.3 4.7** 2.5 23 09 14 25 15 33 1.0
TIL rhIL-2 90.6 94 2.0 1.9 09 1.1 23 1.7 24 1.0
TIL thIL-2 + anti-CD3qp 96.8 3.2 19 42 0.7 0.7 1.5 23 28 0.8

3 Fresh TIL 95.0 50 29 29 10 26 1.3 49 49 17
TIL rhIL-2 974 26 26 47 1.7 14 0.7 56 57 27
TIL rhIL-2 + anti-CD3 948 52 34 34 09 15 0.8 39 47 21

4 Fresh TIL 89.4 10.6** 49 46 3.5 5.7 43 6.0 7.0 25
TIL rhIL-2 100.0 0.0 3.9 25.7%*26.0** 4.8 09 24 25 038
TIL rhIL-2 + anti-CD3 100.0 0.0 3.8 33 16 39 48 58 6.7**24

5 Fresh TIL 97.5 2.5 1.5 1.5 08 14 25 28 35 1.0
TIL rhIL-2 959 4.1 4.2 27 1.0 3.6 2.8 7.6%* 7.8** 23
TIL rhIL-2 + anti-CD3 97.9 2.1 3.7 3.1 16 0.5 25 5.2 45 23

6 Fresh TIL 97.7 2.3 S5.7** 45 16 2.2 1.6 12.7%%12.7%% 6.3**
TIL rhiIL-2 78.5 21.5** 1.5 1.2 08 1.4 0.2 26 34 13
TIL rhIL-2 + anti-CD3 89.910.2**29 39 16 29 1.5 62 60 1.6

7 Fresh TIL 980 2.0 37 40 39 58* 30 53 NDtt 6.1
TIL rhIL-2 86.0 14.0** 1.8 1.0 1.0 038 1.1 50 48 44

TIL rhIL-2 + anti-CD3 97.9 2.1 438 34 17 46 43 6.5 80 29

*In vitro expansion of TIL from patient 2 could not be obtained. }Data are reported as per cent of CD3+
cells. $Data are reported as per cent of TCRaf cells. §Percentages are relative to cell suspensions derived
from freshly digested tumour biopsy specimens. | TIL were cultured for 4-5 weeks in the presence of rhIL-
2 (200 U/ml). §TIL were cultured for 4-5 weeks in the presence of rhIL-2 (200 U/ml) and pulsed with solid
phase bound anti-CD3 Mab on day ! and 14. **Differences = 4%. +1Not done.

90 Control v alpha 2a 60| V beta Sa 904 control 1104y alpha 2a 904V beta Sa
— — -
‘ 0%, 3.9% , 25.7% 0 0% 1, 3.8% 3.3%

100 10' 102 107 10*10° 10! 102 103 10“100 10" 102 103 10% 109 10" 102 10% 10°10° 10 102 10° 104109 10! 102 10% 10*
60}V beta Sb 60‘v beta 5C . 90{ V beta 63 100}y beta 5b 901V beta 5c¢ 801V beta 6a
] — ——— )
26.0%1 4.8%( 0.9% L6% 3.9%) . 4.8%
100 10! 102 107 10410° 10! 102 103 10 104100 10! 10% 102 10° 100 10! 102 10% 10 100 10! 10% 103 10“100 10! 102 103 104
QOLV beta 8a gphV beta 8b og| V beta 12a 90 V beta 8a 901V beta 8b 90|V beta 12a
P + S
2.4% 2.5% 0.8% 0. 5.8% 0 7% ¢
10° 10! 102 10° 10“100 10! 102 103 10“100 10! 102 10 10° 10° 101 102 103 10*10° 10 102 103 10*10° 10! 102 103 10%
(a) (b)

Fig. 2. Expression of specific TCR-V gene products in cultured tumour infiltrating lymphocytes (TIL) from patient 4. TIL were cultured in
the presence of rhiIL-2 alone (a) or in combination with solid phase bound anti-CD3 (b). Data are reported as percentages of TCR alpha/beta
positive T-cells.
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its modifications during culture emerge as important issues in
the context of cellular adoptive immunotherapies.

Thus, a panel of Mab recognising specific TCR o/ V gene
products, and permitting sensitive and reliable quantitation, was
used to comparatively evaluate the use of discrete TCR V-gene
products in TIL and autologous PBMC. Most importantly, we
also analysed modifications induced by the different protocols
currently used to expand TIL in culture for clinical adoptive
immunotherapies.

In humans, TIL from melanomas have been shown to use
a restricted number of Vo gene products [20]. In contrast,
quantitative comparison with autologous PBMC has only been
reported for ascitic ovary tumours [21] and we are not aware of
works addressing the effects of different stimulation protocols
on the TCR repertoire of cultured as opposed to “resting” TIL.

Our data show that differences in the per cent of cells
expressing Mab defined TCR V domains can be detected
between resting, peripheral blood and autologous tumour
derived T cells, as sampled at the time of surgical excision, in 3
patients out of 6. The TIL identity of the cell populations
studied is validated by the fact that, in contrast with PBMC, T
cells derived from tumour biopsy specimens express in high
percentages activation markers such as CD69 and HLA-DR. On
the other hand, no significant difference in the per cent of CD4+
and CD8+ could be detected between freshly derived TIL and
autologous PBMC. It is also of note that in 3 patients differences
could be observed in the percentages of T cells bearing v/8 TCR.
These findings are compatible with at least two hypotheses.
First, they might be the result of a positive selection mechanism
in the TCR repertoire in either cell population, possibly related
to an antigenic recognition. Alternatively, they might be a
consequence of the selective shut off of T-cells expressing
discrete TCR V-gene products [22], as already described with
staphylococcal enterotoxin “superantigen” priming in animal
models [23] or in AIDS [24]. Both mechanisms might be
simultaneously involved.

Data concerning the expression of the TCR V-gene products
identified by our Mab in cultured TIL could be of clinical
interest. In the TIL population cultured according to the “rhIL-
2 plus anti-CD3” protocol, the expression of V gene products
detectable by our reagents, resembles the one in uncultured
TIL, since differences exceeding 4% are only detectable in three
out of 47 paired measurements. This might depend on activation
of all T lymphocytes present in the cell suspension upon CD3
triggering, as also suggested by the high rate of cell expansion.
In contrast, in “rhIL-2 only” cultured TIL, the original TCR
V gene usage appears to be less respected. The mechanism
underlying this in vitro selection is unclear, but might be related
to preferential expansion of in vivo preactivated TIL.

Cytotoxic activity against NK sensitive K562 cell lines was
found to be higher in “rhIL-2 only” cultured TIL populations,
where higher percentages of CD16/CD56+, CD3— cells could
be demonstrated. In contrast, we could not find any correlation
between cytotoxic activity of cultured TIL against autologous
tumour cells, mainly detectable in melanoma patients, and
differential TCR V usage neither at the time of surgical excision
nor after culture, regardless of the activation protocol. Further,
cytotoxic activity against autologous neoplastic cells was compa-
rable in cultures activated in the presence of rhlL-2 only or
in combination with anti-CD3, the latter method, however,
generating much larger numbers of TIL.

Our results clearly indicate that the two most widely used
TIL culture protocols differentially affect TCR V gene usage.
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Overexpansion of TIL unrelated with specific tumour recog-
nition, or failure to induce efficient proliferation of specific T-
cells might influence the clinical outcome of adoptive cell
therapies. At the present time, however, no univocal in vitro
functional test is available, predicting superior in vivo efficacy of
either protocol [4].

Alrogether, these findings address the issue of the relationship
between fresh TIL and their cultured counterparts, directly
focusing on the molecular structure specifically devoted to the
recognition of so far poorly defined tumour antigens. Indeed,
they indicate that protocols inducing the expansion of TIL
populations characterised by similar CD4/CDS8 ratios and com-
parable cytotoxic activity against autologous tumour cells can
result in relevant differences in the TCR repertoire.
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Changes in Glycosylation of L1210 Cells After
Exposure to Various Antimetabolites

Truus W. De Graaf, Sabrina S. Slot, Godefridus J. Peters and Willem Van Dijk

This study establishes that antimetabolites do have the potency to change cellular glycosylation, as was suggested
in our previous review (Eur J Cancer 1990, 26, 516-523). Murine leukaemia 1.1210 cells were exposed to various
antimetabolites under non-lethal conditions. The antimetabolites 5-fluorouracil (SFU), arabinofuranosylcytosine
(AraC), methotrexate (MTX) and 6-mercaptopurine (6 MP), but not 6-thioguanine, induced considerable changes
in the metabolic incorporation of radioactively labelled monosaccharides. Each antimetabolite exhibited a
different effect. Significant differences were found between the radioactivity incorporated from the monosacchar-
ides glucosamine, fucose, mannose and galactose, relative to control values. Polyacrylamide gel electrophoresis
indicated that changes were induced in the glycosylation of individual glycoproteins. SFU, AraC, MTX and 6MP
all influenced both pyrimidine- and purine-mediated sugar incorporation. This excludes, therefore, direct effects
of the antimetabolites on their analogue nucleotide-sugars. The antimetabolite-induced changes in glycosylation

did not directly correlate with the observed cell-cycle effects of the antimetabolites.

Eur J Cancer, Vol. 29A, No. 12, pp. 1760-1765, 1993.

INTRODUCTION

ANTIMETABOLITES ARE widely used in the treatment of neoplastic
diseases. They are able to interfere with nucleotide metabolism,
thus inhibiting RNA/DNA synthesis, which can lead to cell
death. Various additional effects, possibly interrelated, have
been reported: (i) induction of differentiation [1-3], (ii) blockade
in a particular phase of the cell cycle [4-6], (iii) augmentation of
the antigenic activity of glycoproteins [7], (iv) change of cellular
nucleotide-sugar metabolism and/or glycoconjugate biosynthesis
(8]

Changes in the glycosylation of cells occur during normal
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maturation and differentiation, but also during malignant devel-
opment [9-11]. The evidence is compelling that cell—cell interac-
tions are affected by changes in cell-surface glycosylation,
e.g. during the processes of adhesion, invasion and metastasis
[12-15].

Some examples of observed antimetabolite-induced changes
in glycosylation [8] are: (i) altered glycosyltransferase activity
[16], (ii) changed lectin binding [17], and (iii) altered incorpor-
ation of 3H-labelled sugars [2, 3, 18, 19]. In the latter studies it
was not excluded, however, that antimetabolite-induced changes
in specific radioactivities of the incorporated label might have
caused the alterations.

The mechanism of action by which antimetabolites can affect
glycosylation is not completely understood [8]. Pyrimidine and
purine antimetabolites could interfere with, respectively, the
cellular pyrimidine and purine nucleotide-sugar pools (e.g.
UDP-glucosamine and GDP-fucose), which are precursors for
glycans. Furthermore, antimetabolite-induced changes in the
cell-cycle distribution could be responsible for changes in cellular
glycosylation [20, 21].

This study has been performed in order to investigate: (i)



