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Interleukin-12 in patients with cancer is synthesized
by peripheral helper T lymphocytes
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Abstract. The production of cytokines by helper T lympho-
cytes is a critical event in the immune response, as alterations
in the regulation of this process may result in an appropriate
immune response, persistent infection or the development of
autoimmune disease. Previously, this group has used flow
cytometry to demonstrate the expression of interleukin-12
(IL-12) in peripheral blood CD4+ T lymphocytes from
patients and mice with advanced cancer. The aim of the
present study was to investigate whether CD4+ T lympho-
cytes from the peripheral blood (PB) of patients with cancer
produce IL-12, using molecular approaches, flow cytometry
and cellular imaging techniques. CD3+ and CD4+ cells, and
cells producing IL-12, were isolated from the PB obtained
from patients with cancer, using a cell sorting flow cytometry
technique. The positivity of cells for CD3, CD4 and IL-12,
which were identified by cell sorting, was visualized using
immunofluorescent cellular imaging. Total RNA was extracted
from the CD3+CD4+IL-12+ cells, obtained by cell sorting,
for confirmation of the presence of IL-12 mRNA, using
reverse transcription-polymerase chain reaction (RT-PCR).
RT-PCR demonstrated the presence of IL-12 mRNA in all
patients (n=14), in contrast to the control group, in whom
IL-12 expression was not detected. Immunofluorescent
analysis of CD4+ T lymphocytes showed positive intracy-
toplasmatic IL-12 staining. These results demonstrated that
CD3+CD4+ T lymphocytes in the PB of patients with cancer
have the capacity to synthesize and express IL-12.
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Introduction

One of the most significant findings in the field of immu-
nology was the identification by Mosmann ez al (1) in 1989, of
different types of CD4+ T lymphocytes, termed Thl and Th2,
which each have the capacity to synthesize specific cytokines.
These different clones of helper lymphocytes are important for
the production of an efficient immune response during distinct
conditions, leading to the activation of different immune cell
types in particular situations, including viral, bacterial or
fungal infections. An imbalance of these clones may lead to
the development of certain diseases, for example, autoimmune
disease and cancer.

A number of studies have investigated these subtypes of
helper T lymphocytes. CD4+ T lymphocytes are characterized
as cells of the adaptive immune response that produce multiple
cytokines and are divided into subtypes, according to their
production of particular transcription factors, as Thl, Th2,
Th9, Th17 or Treg. Of the numerous cytokines produced by
the immune system, interleukin-12 (IL-12) is involved in the
differentiation of Thl phenotypes, is important for mounting
antitumor responses (2) and possesses unique and distinctive
features such as activation of cellular responses (3).

A previous study demonstrated that IL-12 is produced by
dendritic cells (DC), macrophages and human B-lymphoblas-
toid cells (4). In addition, this group has previously shown that
patients with cancer who were administered an autologous
DC vaccine, demonstrated a stimulation of IL-12 expression
by CD4+ T lymphocytes (5). IL-12 had been intracellularly
marked, with the aim of investigating this cytokine following
DC vaccination. When peripheral lymphocytes from patients
with cancer were analyzed by flow cytometry, IL-12 expres-
sion was observed in CD3+CD4+ T lymphocytes.

Following these initial results, our group conducted a
further study in order to confirm IL-12 expression in this cell
population, using double staining of CD3+CD4+ T lympho-
cytes (6). Cultured peripheral blood (PB) cells of healthy
donors exhibited no increase in IL-12 expression following
lipopolysaccharide and phytohemagglutinin stimulation,
compared with those of the control group. By contrast, the
percentage of CD3+CD4+IL12+cells collected from the
PB of patients with cancer, were significantly increased
compared with those from healthy controls. IL-12 expression
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by CD4+ T cells was also observed in splenocytes from mice
with 7,12-dimethyl-benzanthracene-induced breast tumors (6).

These results suggested that CD4+ T Lymphocytes
obtained from humans and mice with cancer express intracel-
lular IL-12 protein. Therefore, the aim of the present study was
to investigate whether CD4+ T Lymphocytes collected from
the PB of patients with cancer produce IL-12, using molecular
approaches and microscopy.

Patients and methods

Patients. PB samples from patients and controls were
collected at the Clinical Hospital of the Federal University
of Tridngulo Mineiro (Uberaba, Brazil) by intravenous punc-
ture from 14 women with cancer (age range, 38 to 72 years;
median, 56 years), who had not received treatment or who
were =2 months post-treatment. The sites and stages of cancer
were as follows: Endometrial (adenocarcinoma), stage 1A
(n=1), stage IB (n=1) and stage IIIC (n=1); ovarian, abdominal
recidivate of granulosa cell ovarian tumor (n=1), stage IIIC
n=1) and stage I'V epithelial carcinoma (n=1); uterine cervical,
stage IB2 (n=1), stage IIB (n=2), and stage IIIB (n=3), of which
all cases were epidermoid, with the exception of the one
patient with adenocarcinoma at stage I1IB; vulval (epidermoid,;
stage I; n=1); and diffuse non Hodgkin's Lymphoma following
invasive ductal breast cancer treatment (n=1). Control samples
were obtained from six healthy donors.

All the patients and healthy controls involved in the present
study were counselled regarding its aims, and provided written
consent for participation. The study was approved by the Ethics
committee of the Federal University of The Tridngulo Mineiro
Uberaba (record no. 683-2006).

Flow cytometry. PB samples were evaluated using a
BD FACSAria III™ flow cytometer and cell sorter (BD Biosci-
ences, San Diego, CA, USA), according to the manufacturer's
instructions, with specific monoclonal antibodies for each
marker. Briefly, leukocytes were isolated from peripheral
blood samples and red cells were lysed using a standard cell
lysing protocol (BD Biosciences-FACS™ Lysing Solution;
BD Biosciences) for 10 min. Cells were then centrifuged
at 290 x g for 10 min at 4°C. Cells were washed 3 times by
centrifugation at 290 x g for 10 min with PBS, and the cell
precipitate was added to 2 ul of protein transfer inhibitor
(BD Golgistop™; BD Biosciences) and incubated for 20 min
at 4°C, prior to washing by centrifugation at 290 x g for 10 min
with PBS in order to remove excess inhibitor.

Cells were transferred to test tubes in order to perform extra-
cellular labelling. The tubes were divided into control isotypes
and test groups, to enable the identification of total T (CD3+)
lymphocytes, T helper (CD4+) lymphocytes and macrophages
(CDI14+), with CD14+ cells identified in order to test the hypoth-
esis that only CD3+CD4+cells were present in the selected gate.
All antibodies (BD Biosciences) were monoclonal and specific
for the markers studied, as follows: Fluorescein isothiocyanate
(FITC)-labeled mouse anti-human CD3 (catalog no. 555339;
dilution, 1:200), allophycocyanin-labeled mouse anti-human
CD4 (catalog no. 555349; dilution, 1:200), and FITC-labeled
mouse anti-human CD14 (catalog no. 555397; dilution, 1:200).
Once extracellular tagging was complete, cells were incubated
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at 4°C for 30 min and rinsed twice by centrifugation at 290 x g
for 10 min with PBS.

Subsequently, a fixation and permeabilization solution
was added (BD Cytofix/Cytoperm™) for 20 min at 4°C. The
cells were rinsed twice again with Perm/wash buffer (BD
Biosciences) prior to the second tagging. For intracellular
identification, cells were incubated with a monoclonal phyco-
erythrin-labeled mouse IgG, anti-human antibody against the
p40 subunit of IL-12 (catalog no. 559329; BD Biosciences)
at 4°C for 30 min. Finally, cells were re-suspended in 500 pul
of PBS for cytometric analysis, using BD FACSAria III.
CD3+CD4+IL-12+ cells were identified and submitted to
separation using the cell sorter. A proportion of the cells
obtained following sorting were used for RT-PCR analysis,
while the remaining cells were subjected to image analysis.

RT-PCR analysis. CD3+CD4+IL-12+ cells were subjected
to total RNA extraction, using TRIzol™ (Invitrogen Life
Technologies, Carlsbad, CA, USA), according to the manufac-
turer's instructions, and synthesis of cDNA was subsequently
performed. Briefly, dried RNA was resuspended in 11.0 pl
ultrapure water treated with diethylpyrocarbonate (DEPC;
Sigma-Aldrich), and added to 1.0 p oligo dT and 1.0 p1 dNTPs.
This solution was denatured at 65°C for 5 min, then incubated
at 4°C. It was then added to 1.0 ul of 0.1 M DTT, 4.0 ul 5X
buffer, 1.0 xl SuperScript III Reverse Transcriptase (Invitrogen
Life Technologies), and 1.0 1 Milli-Q water (Merck Millipore,
Darmstadt, Germany) treated with DEPC. Samples were then
incubated for 5 min at 25°C, followed by one cycle of incuba-
tion at 50°C for 60 min. Reactions were inactivated at 70°C for
15 min, and the resulting cDNA was subjected to amplification
with 2.5 ul 10X buffer, 0.15 yl dNTPs (10 mM), 0.75 ul MgCl,
(50 mM), 0.2 pl Invitrogen Taq DNA polymerase, 1.0 ml forward
and reverse primers (each 10 xM), 200 ng cDNA, and Milli-Q
water treated with DEPC, to achieve a final volume of 25.0 pul).

Specific primers for f-actin and IL-12 were designed,
as described by Tripathy ef al (7). The following primers
were used: Forward, CACTCTTCCAGCCTTCCTTCC and
reverse, CGGACTCGTCATACTCCTGCTT for B-actin
(annealing temperature, 64°C; length, 311 bp); and forward,
AGTGTCAAAAGCAGCAGAGG and reverse, AACG-
CAGAATGTCAGGGAG for IL-12 (annealing temperature,
66°C; length, 363 bp). Amplification cycles were performed
using a Thermocycler (Invitrogen Life Technologies), and
included an initial denaturation at 94°C for 5 min, followed
by 40 cycles of 94°C for 40 sec, the annealing temperature
specific to each primer for 45 sec and an extension step at 72°C
for 45 sec. A final incubation at 72°C for 10 min was followed
by cooling samples to 16°C. Amplified products were then
subjected to electrophoresis on 10% polyacrylamide gels and
stained with 2% silver nitrate. A Trackit™ 50 bp DNA ladder
(Invitrogen Life Technologies) provided molecular weight
markers for comparison. As a control, and in order to verify
the quality of the cDNA obtained, amplification of $-actin was
performed for all samples analyzed.

Image acquisition and analysis. Following cell sorting,
lymphocytes were added to each well of a 96-well black
clear bottom microplate (Corning Inc., Corning, NY, USA)
and centrifuged at 200 x g for 5-10 min at 4°C. Images were
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Figure 1.Identification of CD3+CD4+IL-12+lymphocytes. Representative flow
cytometry graphs, demonstrating positivity for CD3+CD4+IL-12+ lympho-
cytes from one patient. (A) Gating strategy for the identification of lymphocytes
(P1). (B) and (C) control isotypes. (D) Double-positive CD3+CD4+ cells (Q2).
(E) Double-positive CD4+IL-12+cells (Q2.1). IL-12, interleukin 12.
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Figure 2. Reverse transcription-polymerase chain reaction products of
CD3+CD4+IL-12+ cells, purified by cell sorting flow cytometry. Gel of
electrophoresis demonstrating the expression of IL-12 and f-actin mRNA
in CD3+CD4+ cells obtained from the PB of a healthy control (line 1) or
patients with cancer (lines 2-8). IL-12, interleukin-12; PB, peripheral blood.

acquired using an automated microscope ImageXpress®
Micro XL Widefield High-Content Screening System with a
40x Super Plan Fluor ELWD, NA 0.60 objective (Molecular
Devices, Sunnyvale, CA, USA). The acquisition of multiple
sites (25 to 36 sites) from each well, containing cells from
healthy individuals or patients with cancer, was performed for
each fluorescent probe using Deconvolution Wiener Filter K,
Value=0.2. Images were captures using MetaXpress® 5.3.0.1
Software (Molecular Devices).

Results

According to the flow cytometry results, the percentage of
IL-12+ cells among the CD3+CD4+ cell population obtained
from cancer patients ranged from 2.2-75.4% (median, 25.7%).
The intensity of IL-12 fluorescence, assessed by flow cytom-
tery, ranged from 168.0 to 2,371.0 (median, 317.5). By contrast,
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Figure 3. Intracytoplasmatic localization of IL-12 in helper T lymphocytes.
Fluorescent image acquisition of peripheral blood cells from healthy controls
(left) and patients with cancer (right), with (A) fluorescent nuclear staining and
nuclear staining in addition to (B) a-IL-12 PE, (C) a-CD3 FITC, (D) a-CD4
APC, (E) a-IL-12 PE, (F) 0-CD3 FITC and a-CD4 APC, or (G) a-CD3 FITC,
a-CD4 APC and o-IL-12 PE. Magnification, x40. IL-12, interleukin-12; PE,
phycoerythrin; FITC, fluorescein isothiocyanate; APC, allophycocyanin.
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cells obtained from healthy controls in the same conditions
and using the same antibodies did not exhibit basal IL-12
synthesis in CD3+CD4+ cells. Control isotypes were used in
all samples studied.

The cells identified by flow cytometry in cancer patients
as CD3+CD4+IL-12+ (Fig. 1) were separated by cell sorting
and, using specific primers for IL-12, subjected to RT-PCR.
The cells obtained from all cancer patients expressed mRNA
for IL-12. In control patients, cell sorting was used to isolate
CD3+CD4+ cells identified by flow cytometry and, using the
same primers for IL-12, subjected to RT-PCR. B-actin was
used as a control and was present in all patient and control
samples studied. The results are presented in Fig. 2.

The presence of intracytoplasmatic IL-12 in CD3+CD4+
lymphocytes (measuring ~10 ym in diameter) is shown in Fig. 3.

Discussion

The anticancer immune response in a number of types of
cancer is mediated by IL-12 (8), which may therefore be a
candidate for use in tumor immunotherapy, due to its capacity
to active the innate and adaptive immune responses (9).

IL-12 is important in the immune response of patients with
cancer, who are treated with immunotherapy, as the use of
various approaches used to stimulate the antitumoral immune
response depends on an increase in the expression of this
mediator. Patients with advanced cancer, who were adminis-
tered a DC vaccine, exhibited increased levels of IL.-12 during
treatment (5). Patients with grade II or III cervical intraepithe-
lial neoplasia (CIN) also exhibited increased levels of IL-12
following intrastromal cervical injection of interferon a2b.
This increase was primarily observed in patients that present
CIN regression in response to this immunotherapy (10). In
mice, cytotoxic T lymphocytes that have been genetically
modified to produce IL-12, have been shown to infiltrate and
potentially reduce the size of tumors (11).

The present study was conducted in patients with cancer,
who had either not received treatment, or were =2 months
post-treatment. Regardless of the initial location (endometrium,
uterine cervix and others) and stage of neoplasia, all patients
exhibited detectable IL-12 mRNA in PB CD4+ T lymphocytes.

The current study raises the question of which immu-
nological conditions or diseases induce IL-12 production
by PB CD4+ T Lymphocytes. Notably, one of the cases
analyzed, although not included in the present study, initially
received surgery for presumed ovarian cancer. However,
following pathological analysis, the patient was diagnosed
with disseminated abdominal tuberculosis. This patient also
exhibited IL-12 mRNA and protein expression in intracel-
lular CD4+ lymphocytes. As cancer and tuberculosis are two
chronic diseases, it is hypothesized that IL-12 production by
helper T lymphocytes occurs during chronic stimulation of the
immune system. However, further research in other diseases
is required in order to confirm or refute this hypothesis, and
to improve understanding of the function of IL-12 in helper
T lymphocytes.

In accordance with the results of the present study,
Kuka et al (12) described afTCR+ cells that expressed
CDllIc, MHC class II and IL-12 in mouse splenocytes and
human peripheral blood mononuclear cells, which had been

MICHELIN et al: HELPER T LYMPHOCYTES SYNTHESIZE IL-12

stimulated with polyclonal activators. The primary difference
between the results of this study and the current study, are that
the latter used RT-PCR to demonstrate that the cells produced
IL-12 mRNA spontaneously, and did not require stimulation
to synthesize this cytokine. It should be noted that the cells
in the present study may be different from those described by
Kuka et al, as the preliminary results from the current study
demonstrated that the cells were CD11c- and MHC II-negative.
Furthermore, the present study demonstrated by images that
the cells described have the same measurement as lympho-
cytes and not dendritic cells.

In conclusion, the current results showed that a percentage
of CD4+ T lymphocytes in the PB of patients with cancer
produce IL-12 mRNA, as demonstrated by RT-PCR, and that
this cytokine is present in the cytoplasm of the cells. Further
investigation in acute and chronic diseases is required in
order to determine the conditions in which IL-12 is produced
and secreted, in addition to elucidating the function of IL-12
production by PB CD4+ lymphocytes.
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