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Abstract

Cytokines such as IL-12p70 (“IL-12”) and IL-23 can influence tumor progression. We tested the 

hypothesis that blood levels of IL-12p40, the common subunit of both cytokines, are associated 

with melanoma progression. Blood from 2,048 white melanoma patients were collected at a single 

institution between March 1998 and March 2011. Plasma levels of IL-12p40 were determined for 

573 patients (discovery), 249 patients (validation 1), and 244 patients (validation 2). Per 10-unit 

change of IL-12p40 level was used to investigate associations with melanoma patient outcome 

among all patients or among patients with early or advanced stage. Among stage I/II melanoma 

patients in the pooled data set, after adjustment for sex, age, stage and blood draw time from 

diagnosis, elevated IL-12p40 was associated with melanoma recurrence (hazard ratio[HR]=1.04 

per 10-unit increase in IL-12p40, 95% CI 1.02–1.06, P=8.48×10−5); Elevated IL-12p40 was also 

associated with a poorer melanoma specific survival (HR=1.06, 95% CI 1.03–1.09, P=3.35×10−5) 
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and overall survival (HR=1.05, 95% CI 1.03–1.08, P=8.78×10−7) in multivariate analysis. Among 

stage III/IV melanoma patients in the pooled data set, no significant association was detected 

between elevated IL-12p40 and overall survival, or with melanoma specific survival, with or 

without adjustment for the above covariates. Early-stage melanoma patients with elevated 

IL-12p40 levels are more likely to develop disease recurrence and have a poorer survival. Further 

investigation with a larger sample size will be needed to determine the role of IL-12p40 in 

advanced stage melanoma patients.
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Introduction

Interleukin (IL)-12p40 (also called IL-12β) is a common subunit of both IL-12p70 

(IL-12p35 plus IL-12p40, commonly referred to as “IL-12”) and IL-23 (IL-23α subunit plus 

IL-12p40). IL-12p70 plays a role in resistance and adaptive immunity1 and is also involved 

in antitumor responses2,3. In addition to associating with IL-12p35 and IL-23p19 to 

comprise the well-studied heterodimeric cytokines IL-12 and IL-23, IL-12p40 can exist in a 

monomeric form; the monomeric form may play an independent role in immune responses4. 

A recent investigation in mice has demonstrated that the free IL-12p40 monomer can 

combine with multiple distinct proteins to function as a pleiotropic adaptor5. A recently 

published immunization strategy using IL-12p70-producing dendritic cells in melanoma 

patients suggested a potential therapeutic role for this cytokine6. IL-23, on the other hand, 

contributes to autoimmune inflammation7 and stimulates tumor growth and progression by 

providing a tumor-promoting microenvironment8. Thus these cytokines can mediate host 

responses to tumors; however, their clinical importance in melanoma development and 

progression has not been determined. Standard assays for IL-12 measure the IL-12p40 

subunit, and includes measurement of the free unit as well as the sum total of both IL-12p70 

and IL-23 levels in blood. While assays for the IL-12p35 and IL-23α subunits are available, 

measured blood levels are typically very low relative to IL-12p40. We hypothesized that 

blood levels of IL-12p40 in melanoma patients might reflect an important aspect of patient 

immune and inflammatory response to melanoma, and therefore might be a predictor of 

disease susceptibility, progression or melanoma-related death.

Methods

Study populations

Our initial patient population was derived from a large hospital-based study of cutaneous 

melanoma, for which a total of 1,804 non-Hispanic white patients were recruited at The 

University of Texas MD Anderson Cancer Center (MD Anderson) between March 1998 and 

March 2011. Patients with all stages of invasive cutaneous melanoma were eligible for 

inclusion. All patients gave informed consent under an institutional review board-approved 

protocol. The study protocols have been described previously9. Patients with in situ disease 

or atypical melanocytic proliferation were excluded from the study.
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Adequate plasma samples for IL-12p40 determination were available from 573 patients 

(discovery) and 249 patients (validation 1) from the initial cohort of 1,804 patients. Patient 

blood samples were drawn prior to receiving any treatment. In order to further validate the 

relationship between IL-12p40 and melanoma progression following initial analysis of our 

discovery and validation 1 patient cohorts, we evaluated an additional 244 patients with 

invasive melanoma (validation 2). To evaluate if IL-12p40 levels were different between 

cases and healthy controls, we tested IL-12p40 levels in a population of 299 healthy 

controls. Therefore in total we collected clinical and follow-up data from 2,048 patients, 

among whom 1,066 cases and 299 controls had adequate plasma stocks for IL-12p40 plasma 

determination. Sentinel lymph node biopsy was performed in 1,282 of 1,826 patients 

(70.2%) who presented with clinically localized disease, including 779 of 882 patients 

(88.3%) with tumors at least 1 mm in thickness. The overall rate of involved sentinel lymph 

nodes was 17.9% (230/1,282).

Data on demographic information and clinical prognostic factors (2009 American Joint 

Committee on Cancer stage, Breslow tumor thickness, ulceration, mitosis, and sentinel 

lymph node status) were investigated. Since analysis of patients who underwent multiple 

blood draws identified no significant change in IL-12p40 levels with length of patient 

follow-up (Supplementary Table 1), length of follow-up and survival duration was 

determined from the date of diagnosis until last contact date or death. All patients had 

follow-up data available. Patients were defined as having melanoma recurrence if they 

developed local, regional, in-transit or distant metastasis during the follow-up period.

Experiments

Plasma levels of IL-12p40 were determined in 1,066 patients. The 573 patients in the 

IL-12p40 discovery set represented patients who had undergone prior IL-12p40 

determination for an earlier investigation. The 249 patients included in validation set 1 were 

those from the initial cohort of 1,804 patients who also had sufficient plasma available for 

IL-12p40 determination following analysis of the discovery set results; the 244 patients 

included in validation set 2 represent a more recently acquired cohort of samples. To 

evaluate if IL-12p40 levels were different between cases and healthy controls, we 

investigated IL-12p40 levels in a population of 299 healthy controls and compared these 

levels to those in melanoma patients. Samples were collected in heparinized tubes and 

subjected to centrifugation at 1500 rpm ×10 minutes. The plasma layer was stored at −80°C 

before analysis, and levels were determined from batch-thawed and processed samples. 

Plasma IL-12p40 levels were determined by an enzyme-linked immunosorbent assay 

(Invitrogen, Carlsbad, CA) using the sandwich technique with an antibody that recognizes 

IL-12p40 subunit (either in the form of free monomer or as part of a dimer). All 

measurements were performed according to the procedures recommended by the 

manufacturer. The minimum detectable level of IL-12p40 was <2pg/ml, and the upper limit 

of linearity was >500 pg/ml.

Statistical analysis

We evaluated the relationship between per 10-unit change of IL-12p40 levels and patient 

outcome measures (overall survival, melanoma-specific survival, and disease-free survival) 
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by Cox regression in SAS Enterprise Guide 4.3 (SAS Institute, Cary, NC). Sex, age, stage 

and blood draw time from diagnosis were adjusted in the multivariate analysis. A P-value of 

0.05 was considered significant. IL-12p40 levels were also dichotomized at 150 pg/ml, 

which represents the upper limit of normal according to the manufacturer, to evaluate the 

association of a binary IL-12p40 variable with melanoma patient outcome measures.

Results

The distribution of raw plasma IL-12p40 data in the discovery data set was skewed 

(Skewness=3.27, kurtosis=19.00; Supplementary Fig. 1a), but was symmetric following log 

transformation (Skewness=0.04, kurtosis=0.47; Supplementary Fig. 1b). We also performed 

log transformation of IL-12p40 data in the two case validation groups and the distribution of 

log-transformed data in the two validation groups was symmetric (Case validation set 1 and 

2, Supplementary Figs. 2 and 3). Log transformation of IL-12p40 was used when we 

observed batch effect on change of IL-12p40 levels or compared IL-12p40 levels across 

different groups of a phenotypic factor.

There was no difference in IL-12p40 levels in validation case-sets compared with controls 

(P=0.9583; Supplementary Table 2). The mean plasma IL-12p40 level appeared lower in 

discovery cases (tested in 2007) compared to validation set cases (tested in 2011), although 

the difference was not significant; (discovery VS validation set 1, P=0.438; discovery VS 

validation set 2, P=0.200; Supplementary Table 2). We investigated the hypothesis that this 

potential difference was related to a batch effect. We re-tested 11 old samples that had been 

first tested in 2007 using the 2011 kit and compared the two test results. Results on re-

testing in 2011 were slightly higher (log-transformed mean 4.5% higher) than results 

obtained in 2007, but had a high correlation with results from the old kit (r2=0.87, P=0.001; 

Supplementary Table 3), suggesting that there was in fact a batch effect due to a higher 

calibration of patient plasma IL-12p40 levels with the newer kit. A separate analysis of 11 

samples for correlation of plasma IL-12p40 levels with sample storage time found no 

measurable change with storage over two years’ time (Supplementary Table 4, Wilcoxon 

matched-pairs signed-rank test P=0.1307; Pearson correlation r2=0.88, P<0.001), suggesting 

the change in measured IL-12p40 between batches was not due to differences in storage 

time. Finally, an analysis of 66 patients who underwent serial blood determinations found no 

measurable overall change between blood draws, with median time between blood draws of 

6.3 months (Supplementary Table 1, P=0.1209; correlation between duration and change of 

log transformed IL-12p40 Pearson r2=0.14, P=0.1097). These findings taken together 

support a small batch effect due to differences in kit calibration. That is, any observed 

differences in IL-12p40 levels between the discovery and validation sets does not appear to 

have been due to differences in patient population or sample storage time, but rather due to 

differences in the kits themselves. In part because of this finding, the second validation set 

was obtained, and pooled data were evaluated via meta-analysis rather than by directly 

combining the data sets. The association of demographic and clinical factors with 

log(IL-12p40) in each data set is provided in Table 1. Females had significantly higher 

levels of IL-12p40 than did males in case validation set 1 (P=0.0002) and validation set 2 

(P=0.0079); patients with stage III/IV melanoma had significantly higher levels of IL-12p40 

than did those with stage I/II melanoma only in the discovery set (P=0.0171).
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Standard clinical predictors of outcome including AJCC stage at presentation (all patients), 

and tumor thickness, ulceration, mitotic rate and AJCC stage at presentation (stage I/II 

patients) were significantly associated with relevant patient outcome measures, including 

disease recurrence, melanoma-specific survival, and overall survival (Supplementary Table 

5).

Because the IL-12p40 heterodimers IL-12 and IL-23 represent the best-studied IL-12p40 

cytokines and could play opposing roles in melanoma tumor formation and progression, we 

preliminarily evaluated relative levels of IL-12p70 and IL-23 compared to IL-12p40 in 

plasma from a limited number of melanoma patients using high-sensitivity Elisa assays 

(R&D Systems). Among 53 melanoma patient samples tested for IL-12p70, 75% of samples 

had levels below the detectable limit, with a median level of 0.43 pg/ml. Among 17 

melanoma patient samples tested for IL-23, 90% of samples had levels below the detectable 

limit, with a median level of 3.83 pg/ml. In contrast, among all 493 melanoma patients from 

validation 1 and 2 cohorts analyzed using a current-generation assay for IL-12p40, the 

median measured level was 79.85 pg/ml. While additional investigation of IL-12p70 and 

IL-23 levels in melanoma patients is warranted, it appears plausible that major amounts of 

measured IL-12p40 in the blood of melanoma patients commonly exists in forms other than 

as components of IL-12p70 or IL-23.

We evaluated the relationship between IL-12p40 blood levels and melanoma patient 

outcomes. The median follow-up time from the date of diagnosis was 87.5 months in the 

discovery set, 64.5 months in case validation set 1, and 66.7 in case validation set 2. 

Univariate analysis of blood levels in the discovery set demonstrated that elevation in 

IL-12p40 was significantly associated with overall survival among all-stage patients 

[HR=1.04 per 10 unit increase in IL-12p40, 95% CI 1.02–1.06, P<0.0001] and among the 

subset of patients with stage I or II melanoma [HR=1.04 per 10 unit increase in IL-12p40, 

95% CI 1.02–1.06, P=0.0003] (Table 2) [Log-rank test to compare overall survival between 

IL-12p40≥150 pg/ml group and IL-12p40 <150 pg/ml group, P=0.0002] (Figure 1). 

Multivariate analysis of blood levels in the discovery set further demonstrated the 

association of elevated IL-12p40 with overall survival among all-stage patients [HR=1.04 

per 10 unit increase in IL-12p40, 95% CI 1.02–1.06, P=0.0003] and among the subset of 

patients with stage I or II melanoma [HR=1.04 per 10 unit increase in IL-12p40, 95% CI 

1.02–1.07, P=0.0008]. The association of elevated plasma IL-12p40 level with poorer OS in 

early-stage melanoma was replicated in both case validation sets 1 and 2, and in the pooled 

data set using meta-analysis [HR=1.05 per 10 unit increase in IL-12p40 in the pooled data 

set, 95% CI 1.03–1.08, P=8.78×10−7] (Table 2, Supplementary Table 6). In contrast, an 

elevated IL-12p40 level was neither significantly associated with poorer overall survival 

among stage III or IV patients in the pooled data set [HR=1.02, 95% CI 0.99–1.04, 

P=0.200], nor in each separate data set (Table 2) [Log-rank test to compare overall survival 

between IL-12p40≥150 pg/ml group and IL-12p40 <150 pg/ml group, P=0.068] (Figure 2).

In order to further evaluate the association of plasma IL-12p40 level with early-stage 

melanoma patient outcome, we investigated potential associations of plasma log(IL-12p40) 

with melanoma recurrence (disease-free survival, DFS) and melanoma-related death 

(melanoma-specific survival, MSS). An elevated IL-12p40 level was significantly associated 
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with a poorer DFS in stage I/II melanoma patients in the pooled data set [Univariate analysis 

HR=1.03, 95% CI=1.02–1.05, P=4.21×10−4; multivariate analysis HR=1.04, 95% CI=1.02–

1.06, P=8.48×10−5], as well as in the discovery and validation 1 data sets (Table 3 and 

Supplementary Table 5), and with a poorer MSS in stage I/II melanoma patients in the 

pooled data set [Univariate analysis, HR=1.05, 95% CI=1.02–1.07, P=3.04×10−4; 

multivariate analysis, HR=1.06, 95% CI=1.03–1.09, P=3.35×10−5], as well as in the 

discovery and validation 2 data sets (Table 4 and Supplementary Table 6).

Discussion

Melanoma is a relatively immunogenic tumor; recent reports have demonstrated greatly 

increased efficacy of immunotherapies in the treatment of advanced-stage melanoma 

patients10–13. Immunotherapeutic approaches to the treatment of melanoma have included 

IL-2, IFN-α, vaccines, adoptive immunotherapy, anti-CTLA4, anti-PD-1 and other biologic 

response modifiers. Importantly, dual checkpoint blockade with combinations of both anti-

CTLA-4 and anti-PD-1 appears to be significantly more effective and probably no more 

toxic than monotherapy with either agent alone10,12,13. While these are encouraging results, 

not all patients benefit, long-term outcomes are still unknown, and treatment-related 

toxicities can be high. Therefore, it remains important to investigate the role of immune and 

inflammatory mechanisms in melanoma prognosis, in part through continued biomarker 

discovery. The cytokine subunit IL-12p40 is the form of IL-12 most readily measurable in 

blood and plays an important role in inflammation and tumor growth1. IL-12p40 is a subunit 

of IL-12p70, which may have therapeutic value in treating advanced-stage melanoma 

patients6. We therefore sought to investigate the role of IL-12p40 blood levels in melanoma 

patient prognosis.

We measured IL-12p40 levels in plasma using an assay that recognizes IL-12p40 as a 

component of the heterodimers IL-12p70 and IL-23, as well as the free IL-12p40 subunit. 

While coordinated, direct determination of IL-12p35 and IL-23α subunit levels in blood 

could assist in understanding the relative roles of IL-12p70, IL-23 and free IL-12p40 in the 

observed associations, measured levels of these subunits in blood using currently available 

assay systems are typically very low; we confirmed this by testing a limited number of 

melanoma patient samples. We have not yet formally investigated levels of these subunits in 

a large number of melanoma patients. Such an investigation could be informative but is 

beyond the scope of the current report, as it would ideally be performed following 

development of more sensitive assays to more accurately identify the often very low 

amounts of heterodimers present, as well as techniques to identify both potentially novel 

subunits and measure the free IL-12p40 subunit directly. The discrepancy between measured 

IL-12p40 levels compared to IL-12p70 and IL-23 levels do suggest, however, that the 

observed association between IL-12p40 levels and melanoma patient outcome could be 

more dependent on levels of free IL-12p40 subunit, rather than levels of the intact 

heterodimers.

Somewhat higher levels of IL-12p40 were identified among cases from the validation group 

compared to cases from the discovery group; this discrepancy appears to have been the 

result of a small batch effect (differences in the assay system used in the discovery and 
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validation groups). For studies with multiple batches, mixed effect models can address inter-

assay variability and provide a measure of quality assurance14. One can also use meta-

analysis to address heterogeneity across different groups. We therefore analyzed IL-12p40 

data from different assays separately, obtained a second validation set, and used meta-

analysis to combine results from each group to control for the batch effect. We also found a 

strong correlation among sample IL-12p40 levels for samples tested in batches 1 and 2 even 

though the mean levels varied among batches by about 5%. We assumed that batch effect of 

IL-12p40 among different case groups would not affect IL-12 within the same assay batch 

and therefore we could evaluate the effect of IL-12p40 levels on patient outcome within 

each group; our results support this assumption insofar as fundamental findings in the two 

validation data sets mirror those in the discovery data set.

Elevated levels of IL-12p40 in plasma were associated with a higher risk of all-cause death 

among stage I and II melanoma patients in our discovery set and both validation sets. 

Identified associations of elevated IL-12p40 with higher risks of melanoma recurrence and 

melanoma-specific mortality suggest that most of the excess mortality is melanoma-related. 

Although our pooled meta-analysis suggests a possible association of elevated plasma 

IL-12p40 with poorer OS and MSS in advanced-stage melanoma patients, we regard these 

associations as unconfirmed and requiring further investigation. The lack of a consistent 

association of IL-12p40 level with stage of disease at presentation combined with data 

suggesting IL-12p40 levels remain quite stable in individual patients over time suggests that 

measured IL-12p40 levels in blood are not a reflection of underlying tumor burden, but 

instead are more representative of a relatively fixed immunologic “set point” that could 

possibly be controlled at least in part by genetic factors. Furthermore, in contrast to our 

reproducible findings regarding disease progression in early-stage melanoma patients, the 

absence of an identifiable difference in IL-12p40 plasma levels between melanoma cases 

and controls may indicate that blood levels of IL-12p40 may not be an etiological risk factor 

for the development of melanoma.

In summary, the data presented provide evidence linking elevated IL-12p40 blood levels 

with a poorer outcome in early-stage melanoma patients. This finding was replicated twice 

within this investigation but awaits additional confirmation in external studies. In order to 

evaluate potential mechanisms associating IL-12p40 levels with melanoma patient 

outcomes, we believe it will be important to investigate genetic regulation of IL-12p40 

blood levels in melanoma patients and controls. To better understand the molecular basis of 

melanoma susceptibility and disease progression, the function of a variety of cytokines 

should also be explored and incorporated into a systematic network. These data, taken 

together, suggest that strategies directed towards IL-12p40 and related cytokines could 

ultimately have therapeutic value in melanoma patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

As a common subunit of both IL-12p70 (“IL-12”) and IL-23, IL-12p40 is believed to 

play a role in inflammation, epithelial tumorigenesis, and control of tumor growth and 

metastasis formation. The authors performed a hospital-based study and identified the 

role of IL-12p40 in melanoma recurrence, melanoma-specific survival and overall 

survival. The results suggest that IL-12p40 represents an independent marker of disease 

progression in early-stage melanoma patients, and could represent a promising target for 

therapeutic intervention.
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Figure 1. 
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Figure 2. 
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