Clonal T Cell Expansion Induced by Interleukin 2 Therapy in Blood and Tumors
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Abstract

In a phase I clinical trial on the effects of preoperative adju-
vant IL-2 therapy given to patients undergoing hepatic re-
section of colorectal adenocarcinoma metastases, we moni-
tored the putative induction of T cell clonal expansion in
both tissues and blood. The presence of T cell clonotypes
was analyzed with a PCR-based method that determines
V-D-J junction size patterns in T cell receptor (TCR) VB
subfamilies in samples before and after a 5-d IL-2 infusion.
This high resolution method analyzing CDR3 sizes of TCR
transcripts was used in conjunction with FACS® analysis of
the corresponding T cell subpopulations with TCR Vp-spe-
cific mAb. At time of surgery (day 8 after starting IL-2), we
found in the three patients analyzed with VB-C primers
multiple dominant T cell clonotypes in the tumor and peri-
tumoral tissues which had probably expanded as a result of
therapy. In three control patients not treated with IL-2,
multiple oligoclonal patterns were not observed with this set
of primers. In the fourth control patient a unique VB21-CB
CDR3 pattern which corresponds to two dominant clono-
types was found in the tumor. The same dominant clono-
types identified in the tumor after IL-2 were also detectable
in the blood and comparison of the profiles obtained before
and after IL-2 therapy indicates that they were induced by
IL-2. The relative expansion of the corresponding T cell
subpopulations was maintained for varying periods of time
after surgery (4-7 d and almost 2 yr in one case). Together,
these results indicate that IL-2 induces marked expansion
of several T cell clones. Systemic IL-2 administration may
represent, either alone or as a vaccine adjuvant, an appro-
priate way of boosting antigen-specific immune responses.
(J. Clin. Invest. 1996. 97:1219-1226.) Key words: Interleu-
kin 2 « T cell receptor - colorectal adenocarcinoma

Introduction

Immunotherapy with high doses of IL-2 demonstrates antitu-
mor effects in some advanced cancers such as metastatic renal
cell carcinoma and melanoma (1, 2), but toxicity is frequent
and severe. As an alternative, IL-2 may be used at lower doses
in an adjuvant setting, for example to improve vaccine efficacy
(3), perioperatively to counteract the profound immunosup-
pression due to surgery and anesthesia (4), or to restore graft-
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versus-leukemia activity after T cell-depleted allogeneic bone
marrow transplantation (5). The evaluation of future clinical
trials should be facilitated by the definition of specific biologi-
cal end points induced by IL-2. One of these may be the clonal
expansion of tumor-specific T cells primed in vivo by relevant
antigens (6-10).

Effective immune responses may occur physiologically in
the course of tumor development. Transformed cells express
tumor-associated antigens that trigger an adaptive immune re-
sponse aimed at rejection of the growing cancer lesions. For in-
stance, melanoma-associated antigenic peptides, such as those
encoded by the MAGE (6), Melan-A/MART-1, MART-1 (9,
10), gp100 (8), and tyrosinase (7) genes, have been character-
ized and shown to be recognized by autologous cytotoxic T
lymphocytes in vitro. Direct evidence to support this immuno-
surveillance concept has been reported recently in a human re-
gressive melanoma, by showing that the regressing tumor was
heavily infiltrated by tumor-specific cytotoxic T lymphocytes
(11). In advanced cancer patients, multiple T cell clonal expan-
sion has also been identified in either tumors or blood, includ-
ing melanoma (12), renal cell adenocarcinoma (13), head and
neck cancer (14), or B-chronic lymphocytic leukemia (15). It
has not been determined yet whether IL-2 administration is ef-
fective in stimulating specific antitumor reaction mediated by
in vivo primed T cells.

We initiated a phase I clinical trial on the effects of preop-
erative adjuvant IL-2 therapy given to patients undergoing he-
patic resection of colorectal adenocarcinoma metastases (4,
16) and this provided us with an opportunity to monitor the
putative induction of T cell clonal expansion (i.e., identifica-
tion of dominant clonotypes) in tumoral or peritumoral tissues
and blood. Our data show that 5-d IL-2 infusion can induce
marked T cell clonal expansion in these patients.

Methods

Patients and samples. Three patients who underwent IL-2 therapy
before surgery were studied. Patients 1 and 3 received continuous IL-2
infusion for 5 d at a dose of 12 X 10° ITU/m?d of IL-2 while patient 2
received IL-2 at a dose of 9 X 10° IU/m?%d. Surgery was performed
48 h after termination of IL-2 therapy. 20-ml blood samples were col-
lected before initiation of IL-2 therapy (day —8), on the day of sur-
gery (day 0), as well as 1, 4, and 7 d after hepatic resection. Blood was
also collected from patient 2, 706 d after surgery. PBMC were iso-
lated using Ficoll-Paque (Pharmacia LKB Biotechnology, Uppsala,
Sweden) and frozen in 10% DMSO in liquid nitrogen until further use.

Tumoral and nontumoral tissues were collected just after hepatic
resection. Tissues were cut into small pieces (100-200 mg each),
washed with 0.9% NaCl, and stored in liquid nitrogen for subsequent
use. Hepatic tissue samples were collected from the peritumoral area
and the corresponding tissue sections were found not to be invaded
by tumor cells.

CDR3 size analysis. Tumoral and nontumoral tissue samples
were directly squeezed (i.e., without any cell separation or in vitro
culture) in 6 M guanidium thiocyanate buffer using a Spex 6700 pul-
verizer (Spex Industries, Edison, NJ). Total RNA was purified by
CsCl gradient centrifugation. For PBMC, total RNA was extracted
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using a modified guanidium thiocyanate phenol chloroform method
(17). cDNA was prepared using oligo-dT priming and reverse tran-
scriptase. The VB and CB primers have been described previously
(16, 18). The procedure used for CDR3 size analysis, including the
CB-Fam and 13 JB-Fam primer sequences, has also been reported
(12, 15). Briefly, the PCR-amplified products were copied using a
nested fluorescent CB or JB primer. Sizes of the fluorescent run-off
products were determined by electrophoresis on an automated DNA
sequencer. Since the positions of 5’ and 3’ primers are fixed, size vari-
ations in the run-off products are only due to different CDR3 lengths,
reflecting an imprecise V-D-J joining process. The peaks, at three nu-
cleotide intervals, correspond to in-frame transcripts as described
previously (12, 15). The graphs representing CDR3 size patterns were
standardized at 100% for the highest peaks and data used to generate
these graphs could be used to determine the intensity of each peak
expressed as fluorescence units (FU)! and to evaluate the back-
ground. Dominant peaks were defined as high-intensity signals (e.g.,
from 20,000 to 100,000 FU) with a dramatic reduction in other CDR3
signals. The sensitivity of this assay has been tested by mixing T cell
clones with known V{3 specificities with PBMC and analyzing CDR3
size patterns. The corresponding peaks were detected over the poly-
clonal background when a given T cell clone represented 1-5% of to-
tal PBMC.

1. Abbreviations used in this paper: FU, fluorescence units; TCR,
T cell receptor.

Phenotypic analysis of PBMC. Immunofluorescence experiments
were performed using anti-T cell receptor (TCR) o/ (BMAO031),
anti-CD3, -CD4, -CD8 (OKT3, OKT4, OKTS8; Ortho Diagnostics,
Raritan, NJ), anti-VB1, -VB2, -VB3, -VBS, -VB13.1, -VB13.6, -VB16,
and -VB18 mAb (Immunotech, Marseille, France).

Results

The experimental approach used here has been shown to be
appropriate to readily identify a number of clonal T cell expan-
sions in blood or tissues. It has been adapted from previous
work in the mouse (19, 20). Two major steps are generally re-
quired to demonstrate T cell clonal expansion. First, the size
spectrum of the CDR3-like region in each of the 24 Vj sub-
families is determined using one VB and one CpB primers. Sec-
ond, given VB subfamilies are further characterized when ap-
propriate using 13 JB-specific primers to refine the analysis. It
has been shown previously either by cDNA sequencing (14,
21) or PCR analysis using clonotypic (V-D-J junction specific)
primers (12) that dominant peaks obtained with only 1 out of
13 V-J primers correspond to a single V-D-J junction (i.e., rep-
resenting a clonal T cell subpopulation). Indeed, the use in
transcripts belonging to a given VB subfamily of a single JB
combined to a unique CDR3 size is most likely due to a single
dominant transcript.

Three patients undergoing hepatic resection of colorectal
adenocarcinoma metastases were given a 5-d course of preop-
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Figure 1. CDR3 size distribution in a patient receiving IL-2 therapy. RNA from PBMC (A) and tumor sample (B) of patient 1 at day 0 was re-
verse transcribed and amplified with different V@ and one C fluorescent primer. The amplified products were analyzed on an automated se-
quencer. The profiles obtained show size in nucleotides (x-axis) and fluorescence intensity (y-axis, the absolute value X 10* indicates the scale)

of different amplified products.
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Figure 2. CDR3 size analysis in tumor of patients not treated with IL-2. Tumor RNA from patient 4 (A) and 5 (B) was reverse transcribed and
amplified with different VB and one CB fluorescent primer. The amplified products were analyzed on an automated sequencer. The profiles ob-
tained show size in nucleotides (x-axis) and fluorescence intensity (y-axis, the absolute value X 10° indicates the scale) of different amplified

products.

erative adjuvant IL-2 therapy. At the time of surgery (day 0),
RNA was extracted from blood, tumor, and liver, reverse tran-
scribed, and amplified by PCR (25 cycles for PBMC, 30 cycles
for tissues) using 24 V3 subfamily primers and one fluorescent
CB-specific primer. The labeled PCR products were analyzed
on an automated DNA sequencer to determine CDR3 size dis-
tribution and signal intensity. The results from patient 1’s PB-
MCs and tumor sample are shown in Fig. 1 (A and B, respec-
tively). Most blood profiles reflecting CDR3 size diversity in a
given VB subfamily displayed five to eight peaks at three nu-
cleotide intervals in a nearly Gaussian distribution. Some tu-
mor profiles contain one or more dominant peaks, such as V1
(182 nt, 88,987 FU), VB3 (157 nt 55,207 FU), VB5 (160 nt,
82,760 FU), or VB14 (264 nt, 51,985 FU) with 5-10 times more
FU than the usual signal obtained in a polyclonal CDR3 size
distribution. These peaks were also found in patient 1’s peritu-
moral liver, not invaded by tumor cells (not shown). Of inter-
est, some of the specificities such as V1 and VB5 appeared as
predominant peaks in PBMCs (Fig. 1 A, 108,744 and 86,236
FU, respectively). Samples from patients 2 and 3 were ana-
lyzed in the same way, with similar results (i.e., presence of
several dominant peaks, not shown). In contrast, these marked
oligoclonal patterns were not observed (but once, see next
paragraph) in four other patients not treated by IL-2 in this
randomized (4) phase I trial. The profiles observed in the tu-
mor and blood of two of these control patients are shown in
Fig. 2 and Fig. 3, respectively. Some of the CDR3 graphs
shown in Fig. 2, such as VB7 or VB10 in A or VB11 in B, are
not bell-shaped. However, all graphs representing CDR3 size

patterns were standardized at 100% for the highest peaks and
absolute FU values have to be taken into consideration when
analyzing these data. Indeed, in these cases the corresponding
values were always < 5,000 FU and therefore these signals
were not interpreted as indicating dominant clonal expansion
(not shown). Such altered CDR3 patterns could be observed in
samples infiltrated with few T lymphocytes, as in the case of
tumors of patients not treated with IL-2. Finally, some specific-
ities were not detected in tumors of patients treated (Fig. 1) or
not treated (Fig. 2) by IL-2 since they correspond to rare tran-
scripts like VB19 (which corresponds to a pseudo-gene) or the
more recently described VB22, V23, and V(324 subfamilies.
While marked oligoclonal patterns were not observed (but
once, see below) in the four patients not treated by IL-2, clonal
expansion of unique T cell subpopulations may nonetheless
occur in the natural course of the disease. We found in the tu-
mor of the third control patient a VR21-CB profile composed
of two dominant peaks (146 nt, 84,311 FU; 149 nt, 71,031 FU)
and run-off products were obtained with only 2 of the 13 JB
primers, JB1.5 and JB2.7 (Fig. 4). The sizes of the latter prod-
ucts (105 and 109 nt) correspond exactly to the sizes of the
V-CB products, taking into account the positions of the corre-
sponding CB and JB primers. Together, these data support the
view that two distinct VB21* T cell subpopulations were ex-
panded at the tumor site. Of interest, the VB21-JB1.5 tran-
script was found to be also amplified in the blood while the
VB21-JB2.7 transcript was specifically amplified in tumor. The
VB21-JB1.5 transcript amplification could not be suspected
when analyzing the Gaussian-like VB21-CB distribution in
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Figure 3. CDR3 size analysis in blood of patients not treated with IL-2. PBMC RNA from patient 4 (4) and 5 (B) was reverse transcribed and
amplified with different VB and one CB fluorescent primer. The amplified products were analyzed on an automated sequencer. The profiles ob-
tained show size in nucleotides (x-axis) and fluorescence intensity (y-axis, the absolute value X 10° indicates the scale) of different amplified

products.

PBMC and it remains to be established whether discrete T cell
clonal expansion occurs frequently in normal individuals as
well as in cancer patients.

Given the results at the time of surgery, it was interesting to
evaluate whether or not the specificities displaying a dominant
peak in PBMCs were induced by IL-2. We selected V31 and
V5 for patient 1, VB16 for patient 2, and VB20 for patient 3
(Fig. 5). These peaks were also found in the tumor and the sur-
rounding liver tissue (Fig. 5). These dominant clonotypes were

not prevalent 8 d before in the blood of these patients (i.e., be-
fore IL-2 administration) with profiles showing typical CDR3
size diversity (Fig. 5), as observed in normal donors. After ma-
jor surgery, anesthesia, and repetitive perioperative blood
transfusions, the main clonotypes detected at the time of sur-
gery (day 0) were still observed (Fig. 5) at day 1 in all patients
and either remained predominant at day 4 and 7 (e.g., VB1 in
patient 1) or were diluted out in a more polyclonal pattern
(e.g., VB5 in patient 1).

Figure 4. Clonal T cell ex-
pansion in a patient not
treated with IL-2. PBMC
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Figure 5. CDR3 size distribution of selected Vp specificities in patients treated with IL-2. RNA was extracted from PBMC collected on day —8
(before initiation of 5-d therapy with IL-2), day 0 (day of surgery), and 1, 4, and 7 d after surgery as well as from tumoral and liver tissue. After
reverse transcription, the material was amplified with different V3 and one Cp fluorescent primer. The amplified products were analyzed on an
automated sequencer. The profiles obtained show size in nucleotides (x-axis) and fluorescence intensity (y-axis, the absolute value X 10? indi-

cates the scale) of different amplified products.

To refine the CDR3 size analysis, the reverse-transcribed
RNA was amplified using the same VP specificity and each of
the 13 JB-specific primers. At the time of surgery (day 0), a
bright signal was observed with only one JB (out of 13) for
three of the four VB specificities studied (VB1 and V5 in pa-
tient 1 and VB20 in patient 3) (Fig. 6). These signals appeared
as single peaks, and there was exact matching between the size
of these V-JB-amplified fragments (VB1-JB2.1, 125 nt; VB5-
JB1.1, 117 nt; VB20-JB1.1, 154 nt) and that of the predominant
V-CB peaks shown in Fig. 2 (VB1-CB, 183 nt; VB5-CB, 160 nt;
VB20-CB, 198 nt), taking into account the positions of the cor-
responding CB and JB primers. Therefore, it is very likely that
the VB-CB peaks shown in Fig. 5 correspond to unique cells.
Such marked T cell clonal expansion was also observed in the
tumor and liver (shown in Fig. 5). Regarding the time course
of such T cell clonal expansion, the corresponding subpopula-
tions were still present at day 7 in blood with a progressive di-
lution effect on the VB5-JB1.1 clonotype (Fig. 6, arrow).

The VB16-JB profiles in patient 2 reveal a more complex
situation (Fig. 6). High-intensity signals were observed for
three JB specificities (JB1.1, JB2.1, and JB2.3). The size of all
these three VB-JB DNA fragments exactly matched that of the
136-bp VB16-Cp-amplified fragments shown in Fig. 5, given
the positions of the JB1.1, JB2.1, and JB2.3 primers. One of the
three VB-JB amplified products (JB2.3) was also found in tu-
mor and liver tissues (Fig. 6). This differential recruitment of
T cell clonotypes in situ suggests that only the latter clone is tu-
mor reactive. The two other T cell clones which are expanded
by IL-2 in blood may have irrelevant specificities, such as viral
antigen recognition.

Before IL-2 administration (day —8), an oligoclonal T cell
repertoire was observed with VB-JB PCR amplification for the
four VB specificities under study (VB1, VBS, VB16, and V320,
see Fig. 6). In normal PBMCs, multi-peak Gaussian-like distri-
butions are generally found with this refined CDR3 size analy-
sis (i.e., VB-JB amplification), even though some profiles are
less smoothly shaped than those observed with VB-C@ prim-

ers. In contrast to the profiles obtained with VB-CB primers
(Fig. 5), the dominant VB-JB peaks observed at day O could
also be identified at day —8. Together, these results clearly
support the view that IL-2 administration is capable of stimu-
lating the growth of T cell clonal subpopulations, including the
ones infiltrating tumors. Most T cell subpopulations clonally
expanded by IL-2 are detectable in blood before any therapy.

Patient 2 was available for long-term follow-up. Almost 2
yr (day 706) after surgery and IL-2 administration, a VB16-C
profile, very similar to the ones at days 1, 4, and 7 after surgery,
was observed with a prominent 136-nt VB16-Cp peak (Fig. 5).
Refined CDR3 size analysis with JB primers showed that only
the VB16-J32.3 T cell subpopulation expanded in tumor and
peritumoral tissues at day 0 was dominantly expressed at day
706, contributing to the generation of this 136-nt VB16-Cp ma-
jor signal (not shown).

IL-2 induces marked changes in T cell subpopulation
counts and we asked whether the T cell clonotypes identified
by PCR could be detected with TCR VB-specific mAb. If so,
this would indicate that the corresponding T cell clones (as
identified by CDR3 analysis) are expanded to the point that
they may be detected by cytometric analysis (limit of detec-
tion: 0.3-0.5%). Accordingly, we quantified the corresponding
T cell subpopulations. Results indicated that in all instances
where a TCR VB-specific mAb was available (including all VB
specificities shown in Fig. 5) a sizable T cell subpopulation was
detected after IL-2 treatment (not shown). For example, the
VB16* subpopulation (80% CDS8* as assessed in dual-color
immunofluorescence analysis) was identified in patient 2 be-
fore IL-2 treatment (4.2% of TCR o/B* T cells, a polyclonal
CDR3 pattern), at the time of surgery (2.2%, an oligoclonal
CDR3 pattern), postsurgically at days 1 (1.3%), 4 (2.5%), 7
(1.8%), and 706 after IL-2 administration (2.7%) (Table I).
Controls included other VB-specific mAbs (VB2, VB3, VB5,
VB13.1, VB13.6) recognizing polyclonal T cell subpopulations.
Variations in percentage of cells positive for a given specificity
may be due to IL-2-induced changes or to the difficulty of pre-
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Figure 6. CDR3 size distribution of selected V3 specificities in patients treated with IL-2, as assessed with JB primers. RNA was extracted,
reverse transcribed, and amplified for 40 cycles using VB and CB primers. Amplified DNA was copied for five cycles in a run-off reaction using
13 fluorescent JB primers. The amplified products were analyzed on an automated sequencer. The profiles obtained show size in nucleotides
(x-axis) and fluorescence intensity (y-axis, the absolute value X 10% indicates the scale) of different amplified products.

cisely quantifying minor T cell subpopulations. Together, these
results, obtained with this high-resolution CDR3 size analysis
combined with FACS® analysis, indicate that marked T cell
clonal expansion had occurred after IL-2 administration.

Discussion

The mechanisms underlying the therapeutic effects of IL-2 in-
fusions are still poorly understood. The administration of high-
dose IL-2 results in a multitude of primary and secondary cel-
lular events that make the immunologic evaluation of these

patients not treated by IL-2 we found a transcript, VB21-J32.7,
dominant in tumor but not in blood, suggesting that a specific
T cell expansion had occurred at the tumor site, possibly after
tumor-associated antigen-induced stimulation. In IL-2—treated
patients, although several clonotypes were detected in the tu-
moral and peritumoral tissues and were therefore thought to
be tumor-reactive, we have no direct evidence that these am-

Table 1. Phenotypic Analysis of Patient 2’s PBMC

patients extremely difficult. Indeed, many cell subsets contrib- Day—-8  Day0  Day+1  Day+4  Day+7  Day+706

uting to the immune response are actlv.ated by IL—.2 in vivo gnd CD3 7 60 69 78 - ND

these IL-2—-activated cells release a series of cytokines exerting
. . . . . . CD4 38 60 50 59 52 ND

multiple biological functions. Here, we have investigated
. . L . CDs8 42 38 30 25 33 ND

whether a single course of IL-2 infusion is able to induce T cell
clonal expansion. We found multiple dominant T cell clono- V2 ND 4.2 6.1 ND 4.9 ND
types in the tumors of patients treated with IL-2 in contrast to V3 ND 1.4 0.6 ND 0.7 ND
untreated patients. In addition, these clonal T cell subpopula- V5 ND 1.4 0.8 ND 0.9 ND
tions were also found in blood and their expansion was shown ~ V13.1 ND 0.8 0.3 ND 0.5 ND
to be induced by IL-2. V13.6 ND 22 1.8 ND 2.0 ND
The strong induction of clonal T cell subpopulations overa V16 4.2 22 1.3 25 1.8 2.7

short period of time (8 d) combined with the fact that most of
these subpopulations expanded in the tumoral and peritu-
moral tissues suggest that such expansion is due to the prolifer-
ation of preactivated T cells which may be primed by tumor-
associated antigens in vivo. Indeed, in one of the four control
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plified T cell clones are tumor-specific lymphocytes. More gen-
erally, further studies are needed to determine whether such
dominant T cell clonal expansions detected in vivo actually
correspond to T cell clones specific for tumor cell antigens.
There are to our knowledge no reports in the literature on tu-
mor-infiltrating lymphocyte cell lines specific for colorectal ad-
enocarcinoma. Nonetheless, it is interesting to note that such a
T cell clone (VB16™) was still detectable almost 2 yr after sur-
gery, suggesting that it may participate in long-term tumor im-
mune surveillance.

High-dose IL-2 administration results in lymphocytopenia
followed by rebound lymphocytosis 3 d after IL-2 discontinua-
tion (15, 22). Many CD3 lymphocytes in the blood after IL-2
therapy are CD25™ and this lymphocytosis is therefore thought
to result more from profound changes in lymphocyte recircula-
tion than from lymphocyte proliferation. IL-2-activated NK
cells (i.e., expressing intermediate affinity IL-2R 8 chain) are
known to release a series of cytokines exerting multiple biolog-
ical functions which may be responsible for the toxic effects
(e.g., capillary leak syndrome) as well as the changes observed
in lymphocyte recirculation. In any case, the T cell repertoire
after IL-2 therapy was thought to be unaltered since no signifi-
cant change in VB subfamily expression was found using PCR
with a set of VB-CB primers (16, 23). In the present study using
a higher resolution PCR-based method, marked, selective T
cell clonal expansion (i.e., only a few VB specificities appeared
as single peaks in CDR3 size analysis) was observed in both
the blood and tissues. It was long-lasting in blood (i.e., at least
10 d after IL-2 discontinuation and in a VB16* clonal subpopu-
lation lasted almost up to 2 yr). These T cell subpopulations,
selected in situ and clonally amplified, are in a physical situa-
tion appropriate to contribute to tumor surveillance. They may
also impair dissemination of tumor cells shed into the circula-
tion during surgery and growth of infraclinical metastases
present at the time of hepatic resection because the same T cell
clones are also found amplified in the blood.

Overall, these results support the view that a single short
course (5 d) of IL-2 can stimulate the growth of potentially rel-
evant (i.e., tumor-reactive) T cell clonal subpopulations. The
possibility that long-lasting antitumor reactions which may be
effective in patients with minor tumor burdens (i.e., in an adju-
vant setting after surgery) may as well be induced by low-dose
IL-2 therapy (e.g., given subcutaneously on an outpatient ba-
sis) remains to be investigated. Indeed, T cell clone expansion
induced by IL-2 administration may well be a general finding
since such an observation has been reported recently in a renal
adenocarcinoma patient treated by subcutaneous low-dose IL-2
for 3 mo (24). In any case, the present study indicates that the
rationale for using IL-2, either alone or as a vaccine adjuvant,
in cancer patients may be to boost the preexisting antigen-spe-
cific immune reaction against tumors. This concept could also
be applied to other clinical situations such as AIDS (25) or lep-
romatous leprosy (26).
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