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  Interleukin-12 (IL-12), a heterodimeric glycoprotein with a and b subunits covalently bonded with a disulfide 
bond, is a potent anticancer agent. Its action is accomplished through a linkage of the adaptive and innate im-
mune responses. IL-12 can promote the recovery of the hematopoietic system after cancer chemoradiotherapy 
by stimulating the physiological processes of stem cells, including cell proliferation and differentiation, recon-
stitution of hematopoietic function, and peripheral blood count recovery. We review therapeutic strategies us-
ing IL-12 in clinical studies, including single-agent and combination strategies in hematological tumors and 
solid tumors, and studies on the protective effects of IL-12 in chemoradiotherapy. This review highlights prom-
ising therapeutic strategies based on the anticancer role of IL-12 and the potential protective effects of IL-12 
for cancer patients receiving chemoradiotherapy.

 MeSH Keywords: Hematologic Neoplasms • Interleukin-12 • Neoplasms, Second Primary

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/923855

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Department of Pharmacy, The Affiliated Hospital of Qingdao University, Qingdao, 
Shandong, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2020; 26: e923855

DOI: 10.12659/MSM.923855

e923855-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Interleukin-12 (IL-12) can exert antitumor effects by regulat-
ing innate immunity, adaptive immunity, and tumor angio-
genesis [1–3]. Its antitumor activity is mainly achieved in the 
following ways. IL-12 can improve the tumor-killing effect of 
cytotoxic lymphocytes such as cytotoxic T lymphocytes (CTLs) 
and natural killer (NK) cells [1]. It can also induce or increase 
the ability of T helper type 1 (Th1) cells to respond to CTLs and 
enhance the specific immunity of tumor antigens. In addition, 
IL-12 can increase the production of immunoglobulin G anti-
bodies by stimulating the Th1 response [1]. Moreover, IL-12 
stimulates the production of interferon-g (IFN-g) by immune 
cells, tumor necrosis factor-a (TNF-a), and “secondary” pro-
inflammatory cytokines that are toxic to tumor cells and can 
inhibit tumor growth by inhibiting tumor angiogenesis [2]. In 
addition to the antitumor effects of IL-12, studies have prov-
en that it can enhance hematological recovery after chemora-
diotherapy [4–6]. Chemoradiotherapy causes damage to nor-
mal tissue cells, bone marrow suppression, and complications 
such as granulocytopenia and thrombocytopenia [6]. IL-12 can 
induce the proliferation of long-term hematopoietic stem cells 
by protecting the bone marrow microenvironment, stimulat-
ing the production of cytokines, and enhancing the differenti-
ation of stem cells to progenitor cells, thereby promoting he-
matological recovery [4-6].

Progress in Therapeutic Strategies of IL-12 
Treatment for Cancers

Single-agent therapeutic strategies using IL-12 for cancers

Preclinical animal studies have shown that IL-12 has significant 
antitumor activity [7-12], which advances the clinical develop-
ment of IL-12. Preliminary studies have been conducted in hu-
mans to assess the safety and effectiveness of intravenous or 
subcutaneous injection of recombinant human IL-12 (rhIL-12) 
as a single-agent drug in patients with lymphoma [13–15], 
melanoma, colon cancer, renal cancer, and ovarian cancer [16]. 
These studies suggest that IL-12 single-agent therapy is more 
effective for lymphoma than for other tumors.

Single-agent therapy using IL-12 for cutaneous T-cell 
lymphoma (CTCL)

CTCL is a type of non-Hodgkin’s lymphoma (NHL) that is caused 
by clonal expansion of T lymphocytes [13,14]. In a phase II 
study of CTCL [14], 23 patients were enrolled and received 
rhIL-12, and 10 of the patients completed the 6-month clini-
cal study and continued treatment for 24 months. Patients re-
ceiving treatment showed a higher response rate (43%, par-
tial response [PR]; 30%, minimal response [MR]; and 22%, no 

response) than the control group. The earliest response be-
gan in week 4, and the latest response appeared in week 19. 
Among the 10 patients who achieved a PR, the median time 
to the start of the response and response in all 23 patients 
was 84 days and 94 days, respectively. Five patients received 
continuous treatment, and 4 of these patients had a MR and 1 
achieved a PR. The response of CTCL to IL-12 treatment might 
be due to the characteristics of CTCL, specifically decreased 
function of Th1 cells, insufficient production of INF-g, and the 
chronic production of Th2 cytokines [14].

Single-agent therapy using IL-12 for NHL and Hodgkin’s 
disease (HD)

A clinical phase II trial of NHL and HD using IL-12 was con-
ducted by Younes et al. [15]. Of the 42 patients receiving 
IL-12 treatment in this study, 11 received an intravenous in-
jection of IL-12 (250 ng/kg) 5 times a week for 3 weeks, and 
31 patients received a subcutaneous injection of IL-12, twice 
a week. The dosage for the subcutaneous injections was ini-
tially 500 ng/kg but was later changed to 300 ng/kg due to 
dose-related toxicity. Tumor response was determined during 
the first 8 weeks of treatment and was assessed every 2 to 3 
months thereafter. Six of 29 patients had a PR or complete re-
sponse (CR) (21%), and 10 patients had no disease progression 
(34%). These results showed that the treatment with IL-12 ex-
erted a therapeutic effect on tumors. Intravenous injection was 
more effective than subcutaneous injection, with the rates of 
PR and CR being 40% and 7%, respectively. The severity of the 
disease was related to the treatment effect. The tumors of all 
responding patients were relatively small (the largest tumor 
diameter was <3 cm) [15].

Combined therapeutic strategies using IL-12 for cancer 
treatment

Considering the limited clinical benefits of rhIL-12 mono-
therapy, some researchers have conducted clinical trials with 
IL-12 combined with other antitumor drugs and techniques, 
and IL-2 has also been employed as an adjuvant therapy for 
tumor immunotherapy [17–20]. To date, clinical trials on the 
antitumor effect of IL-12 are mainly in the phase I or II stage. 
Most treatment strategies focus on the combination of IL-12 
with chemoradiotherapy and immunotherapy, and these agents 
play a synergistic role in cancer treatment.

Use of IL-12 in combination with paclitaxel, trastuzumab, 
rituximab, and PD-1-targeted therapy

In a study on patients with HER2-positive cancers, such as 
breast cancer, pancreas cancer, colon cancer, thyroid cancer, 
esophagus cancer, and stomach cancer, the combined adminis-
tration of rhIL-12 with paclitaxel and trastuzumab was effective 
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in 52% of 21 patients (1 patient had CR, 4 patients attained 
PRs, and there were 6 instances of stable disease) [17]. Patients 
who had a response to the combined treatment showed in-
creases in the secretion of IFN-g and several chemokines and 
activation of the ERK signaling pathway [17]. Given that IL-2 
can enhance the activity of NK cells on cell lysis, cytolytic T-cell 
response, and secretion of IFN-g from both types of cells [1,2], 
a clinical trial using IL-12 combined with an anti-CD20 anti-
body (rituximab) was conducted with patients with refractory 
NHL [18]. In this clinical study, the researchers aimed to inves-
tigate the synergistic effects of IL-2 on rituximab-induced im-
mune-mediated cell lysis. Among 43 patients with refractory 
NHL treated with combination therapy using IL-12 and ritux-
imab, 29 patients showed responses to the treatment (69%), 
including 11 CR (25%) and 18 PR (42%) [18]. Therefore, com-
bination therapy of IL-2 and rituximab could benefit patients 
with refractory NHL. In patients with melanoma given a combi-
nation of IL-12 and PD-1-targeted therapy in a 24-week treat-
ment cycle, the disease control rate reached 59%, and 41% 
(9/22) of patients had a CR [19]. IL-12 greatly reduced the in-
cidence of adverse reactions caused by the administration of 
the anti-PD-1 antibody alone, and it potentiated the activity 
of PD-1 antibodies without increasing significant toxicity [19].

Combination therapy using IL-12 and low-dose total skin 
electron beam therapy (TSEBT) in CTCL

In an ongoing clinical study of IL-12 combined with low-dose 
TSEBT for CTCL, 150 ng/kg of rhIL-12 was injected subcutaneous-
ly on day 2 and day 15 post TSEBT (4 Gy/wk, fractionated; up to 
12 Gy), followed by maintenance therapy of 100 ng/kg once every 
4 weeks for 6 cycles [20]. The results showed that 5 of the 6 en-
rolled patients including 4 male patients with an average age of 
55 years had evaluable efficacy (of the 5 patients, 1 patient had 
CR, 2 patients had PR, and 2 patients had stable disease) with a 
response rate of 60%. Three of the 5 patients had stage IB dis-
ease, 1 had stage IIB disease, and 1 had stage IIIB disease. At a 
median follow-up of 15 weeks, 5 patients were still being stud-
ied, and 1 patient dropped out for lichen planus that required 
topical steroid treatment [20]. These results indicate that rhIL-12 
can be administered with low-dose TSEBT in CTCL patients, and 
exciting clinical results, including CR, can be achieved.

Progress in the Understanding of the Role 
of IL-12 in Hematological Recovery After 
Radiation

Protective effect of recombinant mouse (rm) IL-12 on mice 
receiving radiation

IL-12 stimulates bone marrow hematopoiesis and peripheral 
blood count recovery in irradiated mice and can prolong the 

survival period of radiation-injured mice [4,5]. In a study con-
ducted by Chen et al. [4], mice were given a single intravenous 
injection of IL-12 at 48, 36, 24, or 12 h before receiving lethal 
doses of radiation and at 1, 12, 24, or 36 h after radiation. This 
study showed that the long-term survival rates (>1 year) of mice 
given IL-12 24 h before and 1 h after irradiation were 91.4% 
and 75%, respectively, while all mice in the control group died 
within 25 days after irradiation. Evaluation of the bone mar-
row pathology of the mice revealed that the bone marrow com-
position of the IL-12-treated mice recovered to normal on the 
14th day after radiation, indicating that IL-12 could stimulate 
bone marrow hematopoiesis. IL-12 was also found to promote 
peripheral blood count recovery in the mice receiving irradia-
tion [4]. It is worth noting that IL-12 promoted the recovery of 
cells in whole blood. Moreover, Basile et al. [5] found that the 
effect of IL-12 on survival rate was not significantly affected 
by radiation dose in mice. In their study, mice received 3 differ-
ent doses (8.6, 8.8, or 9.0 Gy) of total body irradiation for 24 h, 
and significant improvement in survival rate was shown in the 
mice that received a single dose of IL-12 (20 ng) by injection. 
The survival rates of the placebo groups were 20%, 10%, and 
0%, respectively, much lower than those of the groups receiv-
ing IL-2 (80%, 60%, and 70%, respectively) [5]. There were no 
substantial differences in the survival rates of mice that re-
ceived a single injection of IL-12 at the same dose but differ-
ent radiation doses, suggesting that radiation dose did not sig-
nificantly influence the efficacy of IL-12 [5].

IL-12 promotes hematological recovery and exerts 
synergistic anticancer effects in tumor-bearing mice 
receiving chemoradiation

To investigate the role of IL-12 on the hematological recovery 
of tumor-bearing mice, Basile et al. [6] established 2 tumor-
bearing mouse models, the EL4 lymphoma model and the Lewis 
lung cancer model, which were given radiotherapy and chemo-
therapy. In both mouse models, compared with a granulocyte-
colony stimulating factor (G-CSF) group and a control group, 
the IL-12 group exhibited significant hematopoietic recovery of 
each blood cell type and reduced tumor growth. IL-12 combined 
with cyclophosphamide treatment resulted in a significant re-
duction in tumor volume, but no significant tumor reduction 
was achieved with G-CSF treatment. Furthermore, radiothera-
py and chemotherapy combined with IL-12 increased the tu-
mor-free rate in the mice [6]. These results indicate that IL-12 
exhibits a synergistic antitumor effect with radiotherapy and 
chemotherapeutics while restoring hematopoietic function.

IL-12 protects against radiation better than G-CSF in 
nonhuman primates

In a study using nonhuman primates that received radiation 
treatment as well as rhIL-12 or G-CSF, Gluzman-Poltorak et al. [21] 
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showed that counts for neutrophils, platelets, and red blood 
cells in the polar phase were significantly increased and the 
incidence of severe neutropenia and severe thrombocytope-
nia was significantly reduced in the rhIL-12 group compared 
with the G-CSF group. The study confirmed that a single ad-
ministration of rhIL-12 could promote bone marrow regener-
ation and restore hematopoiesis, and the effect was stronger 
than that of G-CSF in the irradiated animals. Another preclin-
ical study revealed that the survival rate of animals exposed 
to irradiation was closely correlated with the trough values of 
blood cells [22]. Blood cell analysis revealed that the median 
values of lymphocytes, neutrophils, and platelets in all surviv-
ing animals in the control group, the IL-12 group, and the G-CSF 
group were significantly greater than the values in the animals 
that died [22]. In further analysis of mortality and the receiv-
er operating characteristic (ROC) curve, the positive predictive 
value (the percentage of actual animal deaths as a percent-
age of the predicted deaths) was calculated using a lympho-
cyte threshold of 0.08×109/L. The control group had a positive 
predictive value of 97.2%, while the rhIL-12 group had a posi-
tive predictive value of 92.5%, indicating that the lymphocyte 
number was a strong predictor of mortality. Neutrophils and 
platelets were also strong predictors of mortality [22]. These 
results suggest that promoting early bone marrow regenera-
tion and increasing the trough value of all major types of blood 
cells, especially lymphocytes, neutrophils, and platelets, could 
be the main mechanism by which rhIL-12 reduces the lethal ef-
fect of severe bone marrow suppression caused by radiation.

IL-12 stimulates bone marrow hematopoietic progenitor 
cells to expand in vitro

Fardoun-Joalland et al. [23] and Grafte et al. [24] studied the 
in vitro efficacy of IL-12, using normal human peripheral blood 
and bone marrow mononuclear cells, respectively. They showed 
that in combination with rhIL-3, erythropoietin, or G-CSF, rhIL-12 
could significantly enhance the formation of cell colonies. In 
colony culture experiments, Jacobsen et al. [25] showed that 
the combination of FLT3 and IL-12 or IL-11 significantly stim-
ulated the expansion of mouse bone marrow hematopoietic 
progenitor cells in vitro [25].

Mechanism underlying the stimulatory effect of IL-12 on 
hematological recovery

Regarding the mechanism by which IL-12 stimulates hematopoi-
esis, IL-12 has been shown to act through IFN-g. IL-12 induces 

production of IFN-g through the Stat4 pathway, and IFN-g then 
acts on hematopoietic stem cells [26]. However, studies have 
shown that IFN-g plays a dual role (stimulatory/inhibitory) in 
hematopoiesis [27–29]. The toxicity of IL-12 is related to the ex-
cessive production of IFN-g, suggesting that the effect of IL-12 
on hematological recovery may be dose related: Low doses of 
IL-12 can promote hematopoiesis, while high doses of IL-12 
inhibit hematopoiesis by inducing excessive IFN-g production 
and toxic reactions [26–29].

Concluding Remarks

Earlier nonclinical studies showed a better therapeutic ef-
fect of IL-12 alone than clinical studies using IL-12. The dif-
ference in the efficacy between the 2 types of trials is likely 
caused by the requirement of IL-12 for pre-existing antitu-
mor immune responses in clinical studies, as newly vaccinat-
ed experimental animals were generally used in the nonclini-
cal studies [30–32]. However, cancer patients in clinical trials 
have immune deficiency due to previous treatments and the 
long-term effects of disease [30,31]. Moreover, the main lim-
iting factor for the clinical application of IL-12 monotherapy 
in solid tumors is the low level of IL-12 infiltration in the tu-
mor microenvironment. The combination of IL-12 with other 
antitumor drugs and therapeutic techniques seems to over-
come this problem [33]. Despite the potent antitumor effect 
of IL-12, the toxicity caused by systemic delivery of IL-12 lim-
its its clinical application [34]. Recent studies have focused on 
the improvement of delivery methods, optimization of doses, 
and gene therapy with IL-12 [34–36]. IL-12 has been proven 
to have an ideal therapeutic effect on pancytopenia caused 
by severe radiation injury [37,38]. The high incidence of he-
matological toxicity caused by radiotherapy and chemothera-
py often leads to the interruption of treatment due to the in-
hibition of hematopoietic function in cancer patients [38,39]. 
The development of IL-12 drug is of great significance for the 
treatment of decreased blood cell counts after radiotherapy 
and chemotherapy in cancer patients. It thus has the poten-
tial to become a blockbuster drug that overcomes the limit of 
hematological recovery in cancer patients receiving chemora-
diotherapy, which will also benefit combination therapies us-
ing IL-2 for cancers.
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