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Abstract: The aim of the study was to seek evidence for the production of IL-12 by CD4+ T lymphocytes in in vitro and ex vivo trials. 
We performed in vitro trials with spleen cells from mice subjected to carcinogenesis, as well as ex vivo trials with cells obtained from 
the peripheral blood of healthy individuals and cancer patients. We were able to verify a significantly increased expression of IL-12 in 
CD4+ T lymphocytes from mice and patients with tumors, compared to controls. Follow-up studies are needed to clarify whether this dif-
ference is related to being in a chronic disease state or whether it is an attempt by the immune system to produce an anti-tumor response, 
since T lymphocytes from healthy donors were not able to produce IL-12 when in contact with polyclonal stimuli. We concluded that, 
in cancer, T helper cells are capable of synthesizing IL-12, raising the question of whether we are faced with another profile, Th12.
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Introduction
Around 1986, Mosmann and colleagues1 conducted 
studies in which they identified subsets of the T helper 
(CD4+) cells (lymphocytes) that were classified as 
type 1 (Th1) and type 2 (Th2) T helper lymphocytes.2–4 
In this generic context, Th1 cells mainly secrete inter-
leukin (IL)-2 and interferon (IFN)-γ, which induce cell 
immunity, while clones of the Th2 cells liberate IL-4, 
IL-5, IL-10, and IL-13 and are related to humoral 
immunity.3–6 Recently, the distinction between helper 
lymphocyte subtypes has become more and more pre-
cise, based on the description of transcription factors 
in each of subtype; a fine equilibrium is responsible 
for the differentiation of these cells into a clone or 
something else that exercises their effector functions. 
For instance, high intracellular expression of T-bet, 
STAT1, and STAT4 characterizes the differentiation 
of Th1 clones, whereas expression of STAT6 and 
GATA-3 are related to Th2 identity.4

Today, other subpopulations are known, namely 
iTreg, Th17, Th22, and Th9.7–10 The Th17 profile pref-
erentially produces IL-17A, IL-21, IL-22, IL-23, IL-6, 
and TNF-α, which are known as pro-inflammatory 
factors and characteristically promote or maintain 
inflammatory processes and act during infections.6,11,12 
Th9 is induced mainly through the stimulus of TGF-β 
and IL-4, with IL-9 being the main cytokine secreted; 
its biological action and signaling pathways are still 
being clarified.13 Meanwhile, iTreg subpopulations 
are involved in the main processes by which immune 
responses are inhibited, through TGF-β synthesis.9 
Independent of the profile to which they belong, in 
reality, the synthesis and actions of cytokines form 
an intricate web, wherein balances between different 
concentrations can lead to success or failure in con-
fronting pathogen assaults.

The year 1989 saw the discovery of one of the most 
important cytokines responsible for the process of 
activating cellular immunity, IL-12.14 This cytokine is 
a heterodimeric protein composed of two disulphide 
glycoside-linked chains, known as p40 (40 kDa) and 
p35 (35 kDa).15 The IL-12 cytokine plays an impor-
tant role in regulating innate immunological responses 
and determining the type and duration of acquired 
immune responses. When stimulated by pathogens, 
monocytes, macrophages and dendritic cells start to 
produce IL-12, which together with IL-18 acts on 
the NK (natural killer) cells and T lymphocytes in 

a synergetic way, increasing cytolytic activity and 
priming immunity.16,17

In this context, it is a crucial regulator of adap-
tive immunity as mediated by Th1 cells, which is one 
means of achieving protection against neoplasias. 
Studies in animals have provided clear evidence and 
support for IL-12’s beneficial role in protecting against 
neoplasias;15,18,19 clinical studies with humans subjects 
show better clinical results in situations where IL-12 
is present, such as in immunotherapies.20

To date, there is only limited evidence that CD4+ 
T lymphocytes can synthesize IL-12. A study per-
formed by our group contains a description of cancer 
patients who expressed IL-12 in CD4+ T lympho-
cytes.21 We did not find any similar findings in our 
literature review. In light of these data, this study’s 
objective was to seek evidence for the production of 
IL-12 by CD4+ T cells in in vitro and ex vivo trials.

Materials and Methods
In vitro trials with human cells
Cell culture from peripheral blood
For this study, we randomly selected 10 healthy 
volunteers (five of each sex) at the IPON. We told 
the volunteers what the objectives of the research 
were and confirmed that they consented to partici-
pate in the study. The Research Ethics Committee 
(REC) of UFTM approved the study (record number 
683-2006).

We collected peripheral blood (10 mL) from the 
volunteers and submitted it to hemolysis. The blood 
was added immediately to a lysis solution (BD Biosci-
ences FACS™) at a proportion of 1:20 mL, incubated 
for 20 min, and centrifuged (290 × g, 10 min, 4 °C). 
The lysis solution excess was removed by washing 
the cells 3 times with phosphate buffered saline (PBS) 
(290 × g, 10 min, 4 °C).

The whole cells were then re-suspended in 15 mL 
of incomplete RPMI (SIGMA) and incubated on 
a plate in 5% CO2 at 37 °C, at a concentration of 
5 × 106 cells/mL in RPMI (SIGMA) containing 0.24% 
HEPES, 10% SBF, 1% L-glutamine, 1% gentamicin/
streptomycin, 0.1% 2-mercaptoethanol, 0.22% bicar-
bonate, and 0.1% sodium pyruvate. Next, the cultures 
were stimulated with LPS (lipopolysaccharide) at 
10 µg/mL or PHA (phytohemaglutinin) at 5 µg/mL, 
and cultivated for 24 hours so that cytometry could 
subsequently be performed. The use of LPS was 
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necessary for monocyte stimulation, well as stimula-
tion of lymphocytes to PHA, according to reports in 
literature.22,23

Ex vivo trials with humans
We selected 5 healthy volunteers (2 women and 3 men, 
mean age 25.6 ±  2.7 years) and 11 cancer patients, 
10 women and 1 man (mean age, 61 ± 16.5 years). 
Of the 11 cancer patients, 4 had invasive breast carci-
noma, 1 had vaginal carcinoma in situ and 2 invasive, 
and there was 1 case each of invasive cervical carci-
noma, uterine sarcoma, vaginal melanoma, and lung 
cancer. All the cancers were advanced or recidivist, 
without any treatment for at least 60 days as per the 
protocol for dendritic cell vaccines.21 We communi-
cated the objectives of the research to those involved 
and obtained their consent to participate in the study. 
The REC of UFTM approved the study (record num-
ber 683-2006). We obtained peripheral blood cells 
according to the protocol cited above. The cells 
underwent marking for flow cytometry.

Collection of spleen cells from mice  
with tumors
We divided 14 adult female mice (Balb/c), 8 weeks 
old, from the IPON into two groups: a Control group 
(no induction of tumor) and a Tumor group (chemical 
carcinogenesis with 7,12-dimethylbenzanthracene 
[DBMA] at a concentration of 1  mg/mL, delivered 
orally by gavage, over six consecutive weeks). 
The animals were maintained in plastic cages, with 
adequate space to accommodate them, in a 12 hour 
light/dark environment, at a controlled temperature 
(21 °C ± 3 °C), with food and water ad libitum. The 
mice were euthanized 16 weeks after completion 
of the 6 week tumor induction protocol, the time 
needed for the development of tumors, using an 
overdose of the ketamine chloride (90  mg/kg) and 
xylazine (15 mg/kg). The Ethics Committee on Ani-
mal Research (ECAR) of UFTM approved the study 
(record number 160). Three experiments were con-
ducted separately.

After euthanasia, we removed, mechanical disrup-
tion, and homogenized the murine spleens. We washed 
the cells three times by centrifuging them at 290 × g 
for 10 min at 4 °C with RPMI 1640 and then submit-
ting them to flow cytometry procedures, in accordance 
with the approved protocol as described below.

Flow cytometry
The flow cytometry protocol was essentially the same 
for all of the experiments, differing only in terms of the 
antibodies used. In brief, after obtaining the animals’ 
spleen cells, cultured cells from healthy individuals, 
and peripheral blood cells (PBCs) from Controls and 
Tumor patients, the samples were washed 3 times 
with PBS for centrifugation (290 × g, 10 min, 4 °C). 
We added 1 mL of PBS to the cells’ precipitate and 
2 µL of protein transfer inhibitor (BD Golgistop™) 
for each 3  mL of cell solution. We incubated these 
suspensions for 20 min at 4 °C and then washed the 
cells by centrifugation with PBS to remove excess 
protein.

We then transferred the cell suspensions to test 
tubes after performing extracellular labeling. The 
tubes were divided into control isotypes and others for 
identification of total T (CD3+) lymphocytes, T helper 
(CD4+) lymphocytes, and macrophages (CD14+), with 
this last demarcation to confirm the hypothesis that in 
the selected gate, there were only CD4+ cells; we also 
performed double labeling of the previously identi-
fied cell populations with the antibody IL-12p70. 
Cytometry protocols and antibodies were deployed in 
accordance with those suggested by the manufacturer 
(BD Biosciences, San Diego, CA, USA).

Membrane permeabilization was performed using a 
BD cyitofix™ kit and intracellular labeling was done 
with an anti-IL-12 antibody. We then re-incubated the 
cells at 4 °C for 30 minutes in the dark and washed 
them in buffer solution (BD Perm/Wash™ Buffer) 
to remove excess markers. Finally, we re-suspended 
the cells in 500 uL of PBS to read them in the BD 
FACSCalibur™ cytometer.

Statistical analysis
We used Mann–Whitney tests and parametric t-tests. 
For qualitative percentage analysis of the separation 
between the groups, we used the χ2 test. We consid-
ered the differences observed to be of significance 
when the probability of rejecting the null hypothesis 
was lower than 0.05.

Results
In evaluating the expression of IL-12 by CD4+ cells 
in vitro, that is, through cultures of whole cells from 
peripheral blood samples obtained from healthy indi-
viduals, we did not find evidence of IL-12 expression 
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by these cells following stimulation in culture with 
LPS and PHA (data not shown). To analyze lympho-
cytes, we performed cytometry of PBMC obtained 
from healthy individuals and cancer patients (ex vivo) 
after labeling them with specific antibodies for iso-
type and cellular type, and defining the area of analy-
sis (FSC versus SSC) in the region corresponding to 
the lymphocyte gate (Fig.  1). Figure  2A illustrates 
the percentages of CD4/IL-12 double labeling in the 
lymphocyte gate. Note that there was a significantly 
higher percentage of double labeled cells in Tumor 
patient samples than in Control samples (P = 0.002). 
The fluorescence intensities for CD4 (Fig.  2B) and 
IL-12 (Fig. 2C) single labeling were also significantly 
greater in Tumor patient samples than in Control sam-
ples (P = 0.001 and P = 0.002, respectively).

In order to verify whether CD4+ T lymphocytes 
from mice with tumors also express IL-12, we labeled 
spleen cells from the animals that had undergone 
chemical carcinogenesis. As shown in Table  1, for 
the group subjected to tumor induction by DMBA 
(Cancer) compared to the Control group, there was 
a higher percentage of CD4/IL-12 double-labeled 

cells in the region corresponding to lymphocytes 
(P , 0.02).

Discussion
In our studies, we established that CD4+ T cells have 
an ability to express intracellular IL-12. In patients 
with cancer, the levels of IL-12 synthesized by CD4+ 
T cells were significantly higher than in healthy 
individuals. This finding leads us to question whether 
this observation is related to chronic disease, such as 
the cancer in this study, and/or whether it is a way 
in which the immune system adapts to reduce tumor 
activity. We could not find data in the literature about 
IL-12 expression in CD4+ T lymphocytes.

Evidence in the literature suggests that IL-12 may 
be secreted by antigen presenting cells (APCs) when 
a stimulus for the differentiation of naïve CD4+ 
T cells occurs in Th1 effector cells, thus indirectly 
participating in the production of IFN-γ. IFN-γ and 
IL-12 are the main cytokines that stimulate and main-
tain the Th1 standard and consequently inhibit the 
Th2 standard.4 Moreover, studies have demonstrated 
the effects of IL-12, observed via the actions of 
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Figure 1. (A) Granularity (SSC) and size (FSC) distribution of PBMC, with cells to be analyzed with CD4/IL-12, in healthy volunteer; double labeling (gate 1) 
indicated with a circle and shaft. (B) Isotype control for double labeling (C) Double labeling (CD4+ and IL-12) showed a right upper quadrant. In (A–C) the 
sample is of a healthy volunteer. (D) Granularity (SSC) and size (FSC) distribution of PBMC, with cells to be analyzed with CD4/IL-12, in a cancer patient, 
double labeling (gate 1) indicated with a circle and shaft. (B) Isotype control for double labeling (C) Double labeling (CD4+ and IL-12) showed a right upper 
quadrant. In (D–F) the sample from a cancer patient.
Note: Arrow: lymphocytes subpopulation.
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the importance of CD8+ T cells isolated from tumors 
in producing IL-12 at supra-physiological levels, 
when transfected with the IL-12-producing vector. 
However, the reasons for the limited clinical effec-
tiveness of IL-12 as a factor in modifying biological 
response in cancer patients are still clear.

IL-12 seems to be a fundamental part of antitumor 
immunity, whereas studies conducted by our group 
using different immunotherapies have led to the con-
clusion that tumor regression necessarily involves the 
production of this cytokine. In immunotherapy using 
IFN-alphain, patients with 3 grade cervical intraepi-
thelial neoplasia (CIN III) who exhibited good clinical 
response and subsequent regression of the lesion had 
significant increases in systemic and locally synthe-
sis of IL-12.29–31 We also demonstrated that the use of 
immunotherapy with dendritic cells in patients with 
different tumors leads to increased synthesis of sys-
temic IL-12 in patients with good clinical response.21

One of the main mechanisms by which the defense 
cells of the acquired immune response are activated 
is the synthesis of cytokines produced by T lympho-
cytes,1 whose naïve cells are highly heterogeneous, 
allowing them to differentiate themselves according 
to a stimulus into Th1, Th2, Treg, Th17, or Th9 pat-
terns; this leads to distinct immune response functions 
when confronted by pathogens or chronic disease. 
The present findings support the notion that we may 
have an additional profile of T helper lymphocytes, 
namely Th12. Yet studies of IL-12 synthesis by CD4+ 
T cells are needed to clarify by what means these 
cells express increased levels of IL-12 in chronic ill-
ness states such as cancer; the result may be a more 
effective tumor response through polarization of the 
Th1 profile. More experiments with purified T cells 
from human and mice samples are needed, includ-
ing IL-12 mRNA and protein expression assays after 
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Figure 2. Expression of IL-12 by the CD4+ T lymphocytes in ex vivo control PBMC and tumor patient PBMC. (A) Percentages of double-labeled cells. 
(B) Intensity of CD4+ fluorescence for each group. (C) IL-12 fluorescence intensity for each group.
Note: *P , 0.002 versus control group.

Table 1. Distribution in percentage of the expression of 
IL-12 by splenetic CD4+ T lymphocytes in breast carcino-
genesis mice experiment.

Marking Control (mean  
percentage  
of gate)

Tumor (mean  
percentage  
of gate)

P

CD4 + IL-12 0.23 0.42 0.02

Notes: Used χ2 to the mean percentage of gate. Three experiments were 
conducted separately.

CD4+ cells, on the production of IFN-γ and NK cells, 
both in terms of their role as a signal for the differen-
tiation of CD8+ T cells and in their ability to act as an 
important factor in the reactivation and survival of 
CD4+ memory T cells.24 This phenomenon is relevant 
to the repolarization of CD4+ cells toward antitumor 
activities, as the Th2 profile is converted to Th1.25 
A review of IL-12’s action on antitumor immunity and 
in immunotherapy performed by Colombo et al26 and 
studies performed by Stoppacciaro and colleagues27 
report that IL-12’s antitumor and anti-metastatic 
activities have been demonstrated in mouse models 
of melanoma, breast carcinoma, colon carcinoma, 
renal carcinoma, and sarcoma. Some of these studies 
have broached the question of the local production of 
IL-12. In this context, the production of IL-12 in the 
location of the tumor (by neoplastic cells modified 
to liberate IL-12 via vectors) induces the rejection of 
neoplastic cells by CD8+ T cells, in association with 
macrophage infiltration, damage to the vessels, and 
necrosis.28

We could not find data in the literature about 
IL-12 expression in CD4+ T lymphocytes in both 
in vitro and ex vivo trials, but our results in experi-
ments with mice shown higher percentage of CD4/
IL-12 double-labeled cells in the region correspond-
ing to lymphocytes. Kerkar and colleagues24 reported 
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proper stimulation. It is also suggested that further 
studies are necessary in patients with early-stage 
cancer to demonstrate whether these produce a simi-
lar result. Another point to consider is the possibil-
ity of the sharing of the p40 subunit between IL-12 
and IL-23, which is common to these two cytokines; 
we are already investigating this possibility. Taken 
together, our results suggest that CD4 lymphocytes 
obtained from humans or mice with cancer do indeed 
express intracellular IL-12.
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