
Abstract. Background: Interleukin 32 (IL32) is an
intracellular pluripotent cytokine produced by epithelial cells,
monocytes, T-lymphocytes and natural killer cells and seems
to be involved in the pathogenesis of cancer and inflammatory
diseases. Our purpose was to assess the role of protein
expression and genetic polymorphisms of IL32 in colorectal
cancer (CRC) susceptibility. Materials and Methods: To gain
insight into clinical significance of IL32 in Swedish patients
with CRC, using enzyme-linked immunosorbent assay, we
determined whether IL32 protein level is altered in CRC tissue
(n=75) compared with paired normal tissue and in plasma
from patients with CRC (n=94) compared with controls
(n=81). The expression of IL32 protein was confirmed by
immunohistochemistry (n=73). We used Luminex technology
to investigate protein levels of the cytokines IL6, tumor
necrosis factor-α (TNFα) and vascular endothelial growth
factor (VEGF) to relate these to IL32 levels in CRC tissue.
Three single nucleotide polymorphisms (SNPs) (rs28372698,
rs12934561, rs4786370) of the IL32 gene have been proposed
as modifiers for different diseases. The present study evaluated
the susceptibility of patients possessing these SNPs to CRC.
Using TaqMan SNP genotyping assays, these SNPs were
screened in Swedish patients with CRC (n=465) and healthy
controls (n=331). Results: We found no significant differences
in the genotypic frequencies between the patients and healthy

controls and no relation to survival for any of the SNPs.
However, the SNP rs12934561 was statisticalLY significant
associated with older patients. IL32 protein was up-regulated
in CRC tissue and related to IL6, TNFα, and VEGF, and
seems to be modulated by SNP rs28372698. The IL32 protein
level in CRC tissue also reflects both disseminated disease and
location. Conclusion. Our results suggest that altered IL32
protein concentrations in CRC tissue and genotypic variants
of IL32 are related to disseminated CRC.

Worldwide, colorectal cancer (CRC) is a major cause of
mortality and morbidity, and one of the most common types
of cancer (1). Different genetic pathways which affect CRC
initiation and progression have been described (2, 3). Genetic
variation, such as single nucleotide polymorphism (SNP), is
important in individual variability in CRC susceptibility (4).
The connection between inflammation and CRC initiation,
progression and metastasis is well-established. Inflammation
is driven by soluble factors such as cytokines and
chemokines that are produced by tumor cells or cells
recruited to the tumor microenvironment, such as
lymphocytes (5, 6). Moreover, polymorphic variants of genes
have been referred to as factors that mediate inflammatory
response (7). 

The search for molecular biomarkers to facilitate early
diagnosis, determine prognosis and help in the selection of
personalized therapy for patients with CRC is ongoing (8).
It is well established that a subgroup of patients (20-25%)
with stage II CRC are at high risk for recurrence and should
be considered as candidates for adjuvant chemotherapy (9-
11). The decision to use adjuvant therapy could be made
more rational using various genetic and molecular
biomarkers to reveal subgroups of patients eligible for
adjuvant therapy. The currently used clinical and
pathological markers, such as poorly differentiated tumor,
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lymphovascular or perineural invasion, perforation, T4
growth, elevated carcinoembryonic antigen (CEA) level and
fewer than 12 lymph nodes are removed, all have weak
prognostic significance (9).

Interleukin 32 (IL32) is an intracellular pluripotent
cytokine produced by epithelial cells, monocytes, T-
lymphocytes and natural killer cells, and is involved in
inflammation and cancer development (12). The gene
encoding IL32 is located on the chromosome 16p13.3,
organized into eight exons and consists of six splice variants
α, β, γ, δ, ε and ξ (13). The specific function of IL32 is still
not clear, however, it has been implicated in the pathogenesis
of cancer and several inflammatory diseases (12). Diseases
such as rheumatoid arthritis (14), chronic obstructive
pulmonary disease (15), HIV infection (16), tuberculosis
(17), inflammatory bowel disease (6), rhinosinusitis (18),
stomach cancer (19), renal cancer (20) and CRC (21) are
closely linked to IL32.

IL32 is able to induce the release a variety of pro-
inflammatory cytokines such as IL8 (22), tumor necrosis
factor-α (TNFα) (22, 23) and IL6 (23). In addition, IL32
stimulates the production of vascular endothelial growth factor
(VEGF) and thus has an indirect role in angiogenesis (24, 25).

Recent studies have shown an association between IL32
gene polymorphisms and several diseases. The intronic SNP
rs12934561 has been reported as a susceptibility gene for
acute lung injury (15) and endometrial cancer (26). An
association of IL32 promoter SNP rs28372698, giving a
higher expression of IL32γ has been found with thyroid
carcinoma (27). Furthermore, another study demonstrated
that a genetic variant of this SNP is associated with an
increased risk of gastric cancer (28). IL32 promoter SNP
rs4786370 has been suggested to have a possible protective
role against cardiovascular disease (29). 

The pathogenic and molecular mechanisms behind IL32
expression in CRC are largely unknown and not clear. This
study aimed to investigate the association of IL32 gene
polymorphisms rs28372698, rs12934561 and rs4786370 with
CRC risk, cancer progression and long-term survival in
Swedish patients with CRC. We also assessed the protein
expression profile of IL32 in plasma and colorectal tissue, as
well as analyzing colorectal tissue concentration of IL6,
TNFα and VEGF in patients with CRC.

Materials and Methods

Patients and controls. This study comprised a total of 465 patients
(255 males and 210 females) with a mean age at diagnosis of 71
(range=25-94) years from south-eastern Sweden who underwent
surgical resection for primary colorectal adenocarcinomas at the
Department of Surgery, Ryhov County Hospital, Jönköping, Sweden
between 1996-2016. The tumor localizations were in the colon in
245 and rectum in 220, and were classified according to the
American Joint Committee on Cancer (AJCC) classification system

(3): stage I in 77, stage II in 176, stage III in 152 and stage IV in
60. Clinical information about the patients was obtained from the
patient’s computerized files which cover all the healthcare providers
in the region. Follow-up ended on the date of death or on January
31, 2016.

Control blood donors (n=331) were selected from individuals
with no known CRC history at County Hospital Ryhov and were
from the same geographical region as the patients. The group
included 178 males and 153 females with a mean age of 59
(range=33-68) years.

Plasma samples. Of the patients and controls, 94 and 81, respectively,
were available for IL32 protein analysis in plasma. Blood samples
from the patients were drawn at the start of surgery and for the
controls at the time of blood donation. All blood samples were
centrifuged to separate plasma and blood cells and stored at –78˚C
until analysis. The CRC patient group comprised 52 males and 42
females, with a mean age of 72 (range=34-90 years). Sixty-one
tumors were located in colon and 33 in rectum and were classified as
stage I in 20, stage II in 33, stage III in 22 and stage IV in 19.
Controls for plasma samples included 39 males and 42 females, with
a mean age of 54 (range=41-68) years.

Tissue samples and lysates. This study utilized tumor and paired
normal tissue samples available from 75 of the patients with CRC,
of whom 43 were males and 32 females, with mean age 70
(range=36-90) years. The tumors were located in colon in 46 and in
rectum in 29, and were classified as stage I in six, stage II in 25,
stage III in 23 and stage IV in 21. Tumor tissue and adjacent normal
mucosa (about 5 cm from the tumor) from each patient were excised
and immediately frozen at –78˚C until analysis. Frozen tumor and
paired normal tissue were thawed and homogenized in ice cold
RIPA lysis buffer (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) containing a protease inhibitor cocktail according to the
manufacturer’s instructions. The lysate was placed on ice for 30 min
and then centrifuged at 18,000 × g for 10 min. The protein content
of the supernatant fluid was determined for each sample using the
Bradford protein assay (Bio-Rad Laboratories, Hercules, CA, USA). 

Paraffin-embedded tissue blocks. Formalin-fixed and paraffin-
embedded tumor samples were available from 73 patients with CRC
and came from the archives of the Department of Pathology County
Hospital Ryhov, Jönköping, Sweden. The group of patients with
CRC comprised 41 males and 32 females, with a mean age 70
(range=36-90) years. The tumors were classified as stage I in six,
stage II in 24, stage III in 23 and stage IV in 20 and were localized
in colon in 44 and in rectum in 29.

Immunohistochemistry. From paraffin blocks, the selected tissue
was assessed on 3.5-μm section on an automatic platform. Antigen
retrieval was finished by coking for 52 min in Diva Decloaker, 10X
(Biocare Medical, Concord, CA, USA) at 110˚C. Sections were
treated with hydrogen peroxide for 5 min in order to block the
occurrence of endogenous peroxidase which may disturb the
interpretation of the color. 

Primary rabbit polyclonal IL32 antibody against human IL32α,
IL32β and IL32γ (Abcam, Tokyo, Japan) was used at dilution of
1:300. The antibody was applied to the tissue sections which were
incubated for 30 min at room temperature. The MACH 4 Universal
HRP-Polymer Detection kit (Biocare Medical) was used and the
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reaction was visualized by Betazoid DAB Chromogen Kit (Biocare
Medical). Splenic tissue was used as a positive control for IL32
expression and was included along with every patient tissue section.

An experienced pathologist evaluated IL32-stained sections and
the staining intensity was scored on a scale of weak, moderate and
strong. 

Determination of IL32 level in tissue and plasma. Plasma and tissue
IL32 levels were measured using a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems,
Minneapolis, MN, USA) following the manufacturer’s protocol.
According to the product manual, the kit recognizes human IL32α,
IL32β and IL32γ. The tissue level of IL32 protein was expressed as
picograms per milligram of protein and the plasma IL32 protein
concentration from patients and controls was expressed as
picograms per milliliter. All measurements including plasma, lysate
and standard solutions for IL32 standard curves were performed in
duplicates.

IL32 genotype determination. In the present study, genomic DNA
was isolated from blood samples using QiaAmp DNA Kit (Qiagen,
Hilden, Germany). DNA samples were genotyped using the TaqMan
SNP assays of the IL32 SNPs rs28372698, rs12934561 and
rs4786370 (Applied Biosystems, Foster City, CA, USA). DNA (10
ng) was mixed with Taqman Genotyping Master Mix (Applied
Biosystems) and was amplified using the 7500 Fast Real-Time PCR
system (Applied Biosystems). Amplification was performed using
an initial cycle at 50˚C for 2 min, followed by one cycle at 95˚C for
10 min and finally 40 cycles at 95˚C for 15 s and at 60˚C for 1 min.
The manual calling option in the allelic discrimination application
ABI PRISM 7500 SDS software, version 1.3.1 (Applied
Biosystems) was used to assign genotypes.

Quantification of IL6, TNFα and VEGF in tissue. The level of the
cytokines IL6, TNFα and VEGF in colorectal tissue were measured
in the prepared lysates using Luminex bead-based technology (Bio-
Rad Laboratories, Inc., Hercules, CA, USA) and commercially

available Luminex assays for the cytokines (Bio-Rad Laboratories).
The tissue level of IL32 protein was expressed as picograms per
milligram of protein.

Statistical analysis. The differences in the frequencies of the IL32
gene polymorphisms between patients and controls and between
clinical characteristics within the CRC subgroups were analyzed
using chi-squared test. The Hardy–Weinberg equilibrium was
assessed for the genotypes. The comparisons between groups
regarding plasma and tissue levels of the measured cytokines were
performed with non-parametric tests. The Wilcoxon’s signed-rank
test and the Mann–Whitney U-test were used for the analysis of the
related and independent parameters. Statistical analyses were
performed using SPSS software for Windows, version 14.0 (SPSS,
Inc., Chicago, IL, USA). Survival analysis was performed by
Kaplan–Meier analysis with the log-rank test and Cox’s regression.
Statistical analysis was performed using Stata Statistical Software:
Release 13 (Stata Corp., College Station, TX, USA). Results were
considered significant at p<0.05.

The investigation was approved by the Regional Ethical Review
Board in Linköping, Linköping, Sweden (Dnr. 2013/271-31) and
informed consent was obtained from each of the participants.

Results

IL32 gene polymorphism and CRC risk. The distribution of the
genotypes for each polymorphism was in agreement with
Hardy–Weinberg equilibrium. No significant differences in the
genotypic frequencies (Table I) or in allelic frequencies (data
not shown) were observed between the patients and the healthy
controls for any of the SNPs. The genotypic distributions in the
patient and the healthy control group were not associated with
demographic characteristics such as age and gender, with the
exception that patients carrying C/C genotype for SNP
rs12934561 (n=188) were significantly (p=0.006) older [mean
age=72.2 (range=25-94) years] than T carriers (n=277) [mean
age=69.6 (range=29-90) years]. Stratification analysis of
associations between individual SNP and patient’s
characteristics (Table II-IV) showed no significant differences,
with the exception of age for SNP rs12934561 (Table III).

Protein levels of IL32, IL6, TNFα, and VEGF in colorectal
tissue. The levels of IL32 (Table V) and the other cytokines
(Table VI) were significantly higher in tumor tissue
compared to those in normal paired tissue. Evaluation of the
relative expression (tumor vs. normal paired tissue) for IL32,
IL6, TNFα, and VEGF showed 84% (63/75), 81% (43/53),
65% (32/49) and 79% (38/48) up-regulation, respectively.
Moreover, we noted the protein levels of IL32 and IL6,
TNFα, VEGF in cancer tissue, of the subset investigated,
were significantly positively correlated (r=0.30, p=0.028;
r=0.29, p=0.044; and r=0.43, p=0.003, respectively; data not
shown). There were no significant associations with clinical
characteristics such as age, gender, stage and tumor location,
except for IL32 where we observed significantly (p=0.041
higher levels in patients with rectal cancer [median=1588
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Table I. Genotypic frequencies of three interleukin 32 single nucleotide
polymorphisms (SNPs) in patients with colorectal cancer and healthy
controls.

Genotype                         Patients (n=465),     Healthy controls (n=331), 
                                                  n (%)                                n (%)

SNP (rs28372698)                                                             
  T/T                                      37.0 (172)                        39.0 (129)
  A/T                                     47.7 (222)                        49.2 (163)
  A/A                                     15.3 (71)                          11.8 (39)
SNP (rs12934561)                                                             
  C/C                                     40.4 (188)                        40.5 (134)
  C/T                                      45.4 (211)                        40.8 (135)
  T/T                                      14.2 (66)                          18.7 (62)
SNP (rs4786370)                                                               
  T/T                                      35.3 (164)                        36.6 (121)
  C/T                                      47.5 (221)                        49.5 (164)
  C/C                                     17.2 (80)                          13.9 (46)



(range=508-5726) pg/mg] compared to colon cancer
[median=1333 (range=49-6057) pg/mg] (data not shown).

Plasma levels of IL32. The plasma levels of IL32 from 94
patients showed no significant difference in comparison with

81 healthy controls (Table V). There were no associations
with clinical characteristics such as age, gender, stage and
tumor location (data not shown).

Immunohistochemicall staining of IL32 in CRC tissue. Of the
73 patients, all cases exhibited positive membranous and
cytoplasmic IL32 expression localized predominantly in
cancer cells and comprising 50-100% of these cells. The
evaluation of IL32 staining showed moderate staining in
56.2% (41/73) and strong staining in 43.8% (32/73) of tumor
cases. The stromal tissue was not stained except for
inflammatory cells, lymphocytes and macrophages that were
identified by their morphological appearance. Representative
immunostainings are in Figure 1. 

Analysis of the association between IL32 staining and
stages revealed significantly (p=0.047) higher intense
staining in patients with disseminated disease (stage III+IV)
compared to patients with localized disease (stage I+II). The
staining was not associated with other clinicopathological
parameters such as age, gender and tumor location. 

IL32 gene polymorphism in relation to the levels of IL32 in
plasma and tissue. Overall, there were no associations
between IL32 SNP variants and plasma IL32 levels in the
patients with CRC and in the healthy controls. Otherwise, we
noted that patients who were T/T carriers of SNP rs28372698
(n=34) had a significantly (p=0.025) lower IL32 level in
CRC tissue [median=1197 (range=49-2829) pg/mg]
compared with A carriers (n=41) [median=1591 (range=101-
6057) pg/mg] (data not shown).
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Table II. Associations between interleukin 32 single nucleotide
polymorphism rs28372698 and clinicopathological features of colorectal
cancer. 

                                                                         Genotype

Characteristic                                          T/T            A/T+A/A      p-Value

Total number                                           168                 288                 
Mean age (SD), years                      71.0 (11.0)     70.5 (11.3)       0.65
Men/women, n                                       80/88            124/164          0.34
Tumor localization, 
Colon/rectum, n                                   85/83            157/131          0.42

Stage, number, n (%)                                                                        0.69
  I                                                          28 (17)           49 (17)              
  II                                                         68 (40)          101 (35)             
  III                                                       49 (29)           96 (33)              
  IV                                                       23 (14)           42 (15)              
Excision <12 lymph nodes, n (%)  69/167 (41)   133/281 (47)      0.22
Low differentiated cancer, n (%)    35/162 (22)    65/274 (24)       0.38
Mucinous cancer, n (%)                   16/162 (10)    40/274 (15)       0.26
T4 tumor, n (%)                                12/168 (7)      27/288 (9)        0.78
Adjuvant treatment, n (%)               41/164 (25)    82/274 (30)       0.27

Significant at p<0.05.

Table III. Associations between interleukin 32 single nucleotide
polymorphism rs12934561 gene polymorphism and clinicopathological
features of colorectal cancer.

                                                                         Genotype

Characteristic                                          C/C             C/T+T/T      p-Value

Total number                                           185                 271
Mean age (SD), years                      72.2 (11.2)     69.7 (11.1)      0.016
Men/women, n                                       88/97            116/155          0.32
Tumor localization, 
Colon/rectum, n                                  104/81           138/133          0.27

Stage, n (%)                                                                                       0.39
  I                                                          35 (19)           42 (16)
  II                                                        73 (39)           96 (35)
  III                                                       51 (28)           94 (35)
  IV                                                       26 (14)           39 (14)
Excision <12 lymph nodes, n (%)  85/181 (47)   117/267 (44)      0.51
Low differentiated cancer, n (%)    39/177 (22)    61/259 (24)       0.52
Mucinous cancer, n (%)                   23/177 (13)    33/259 (13)       0.48
T4 tumor, n (%)                                10/185 (5)     29/271 (11)       0.26
Adjuvant treatment, n (%)               44/178 (25)    79/260 (30)       0.19

Significant at p<0.05.

Table IV. Associations between IL32 SNP rs4786370 gene
polymorphism and clinicopathological features of colorectal cancer. 

                                                                         Genotype

Characteristic                                          T/T             C/T+C/C      p-Value

Total number                                           159                 297                 
Mean age (SD), years                      71.0 (11.3)     70.6 (11.1)       0.70
Men/women, n                                       87/72            165/132          0.86
Tumor localization, 
Colon/rectum, n                                   81/78            161/136          0.44

Stage, n (%)                                                                                       0.50
  I                                                          23 (14)           54 (18)              
  II                                                         66 (42)          103 (35)             
  III                                                       48 (30)           97 (33)              
  IV                                                       22 (14)           43 (14)
Excision <12 lymph nodes, n (%)  66/158 (42)   136/290 (47)      0.30
Low differentiated cancer, n (%)    32/152 (21)    68/284 (24)       0.48
Mucinous cancer, n (%)                   16/152 (11)    40/284 (14)       0.43
T4 tumor, n (%)                                 9/159 (6)      30/297 (10)       0.41
Adjuvant treatment, n (%)               39/154 (25)    84/284 (30)       0.34

Significant at p<0.05.



IL32 SNPs and survival analysis. Based on data from our
cohort (Table II-IV) with up to 20 years of follow-up, the
Kaplan–Meier analysis revealed no difference in cancer-
specific and disease-free survival overall. Moreover, there
was no difference in disease-free survival or in cancer-
specific survival in any of the subsets according to TNM
stage (data not shown).

Discussion

To our knowledge, there are limited studies about the role of
IL32 gene polymorphisms in CRC susceptibility and survival
status. Given the relation of IL32 gene polymorphisms
rs28372698, rs12934561 and rs4786370 to other diseases
(15, 26, 28, 29), we focused on these SNPs and found no
significant differences in the genotypic frequencies between
patients with CRC and healthy controls for any of the SNPs.
The genotypic distributions in the patient and the healthy
control groups were not associated with demographic

characteristics such as age and gender, with the exception
that patients carrying the C/C genotype for SNP rs12934561
were statistical significantly older at diagnosis than patients
bearing other genotypes. One may speculate that this
genotype may be involved in a mechanism via IL32 that
enhances the antitumor effect of the immune system, with
the result that patients are diagnosed at a higher age.
However, the size of cases in the subgroups was relatively
small and our findings should be interpreted with caution
before being confirmed in further studies.

Stratification analysis of associations between individual
SNP and patient’s clinicopathological parameters showed no
significant difference. Moreover, there was no difference in
disease-free or in cancer-specific survival. This has not been
previously reported to our knowledge. In previous studies,
these investigated SNPs were indicated to be associated with
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Figure 1. Immunohistochemical staining patterns for interleukin 32 in
colorectal cancer: moderate (A) and strong (B) staining. Magnification,
×100. 

Table V. Tissue and plasma levels of interleukin 32 (IL32) in patients
with colorectal cancer and controls.

Variable                             Cases, n             IL32 protein             p-Value

Tissue
Cancer tissue                          75               1423 (49-6057)                 
Paired normal tissue              75                 765 (7-4042)             <0.001
Plasma                                      
Patients                                   94              2113 (9-532190)                
Controls                                  81              2182 (7-494010)           0.613

Data are shown as median (range) in tissue (pg/mg) and in plasma
(pg/ml). Significant at p<0.05.

Table VI. The tissue levels of interleukin-6 (IL6) tumor necrosis factor-
α (TNFα) and vascular endothelial growth factor (VEGF) in patients
with colorectal cancer.

Cytokine                           Cases, n      Protein level (pg/mg)      p-Value

IL6                                                                                                  <0.001
  Cancer tissue                       53                   39 (5-780) 
  Paired normal tissue           53                   12 (2-262) 
TNFα                                                                                               0.035
  Cancer tissue                       49                   30 (2-707) 
  Paired normal tissue           49                   20 (3-522) 
VEGF                                                                                             <0.001
  Cancer tissue                       48                146 (14-2187) 
  Paired normal tissue           48                 74 (11-1725)

Data are shown as median (range) in tissue. Significant at p<0.05. 



cancer and inflammation-related diseases (15, 26, 28, 29),
which supports the idea that polymorphisms have different
functions in different diseases. It is possible that these SNPs
differentially modulate the production of IL32 or different
isoforms of IL32 which do not have biological effects in
CRC. It is also possible that selected SNPs have a small
effect that becomes undiscovered unless the study includes
a larger sample size.

Inflammation can either promote or suppress CRC
pathogenesis. Cytokines expressed in CRC cells or in the
tumor microenvironment seem to play an important role in
local immunoregulation (5, 6). Non-malignant cells in the
microenvironment such as immune cells, fibroblasts and
endothelial cells can promote and modulate CRC
development by secretion of different cytokines (30). The
roles of IL32 in CRC are little known and very few studies
have been published, and the expression profile of IL32
protein in patients with CRC patients has not been fully
evaluated. However, Yang et al. demonstrated by
immunohistochemistry that IL32 stimulates metastasis to
organs and lymph node metastasis of CRC (21). In this
study, we noted that lysates from cancer tissue exhibited
statistical significantly higher levels of IL32 protein
compared to those in paired normal tissues. Moreover, we
found that rectal cancer had significantly higher levels of
IL32 protein in comparison to colon cancer but failed to
detect associations with any other clinical characteristics.
Hypothetically, different pathophysiological mechanisms
may be involved in the progression of cancer in the colon
and the rectum, resulting in different IL32 protein
expressions. Possible differences in the carcinogenesis of
colon and rectal carcinoma have been reported but whether
these should be considered as two distinct entities remains
controversial (31, 32). 

IL6, TNFα and VEGF are considered to reflect the
inflammatory response and have an impact on cancer
development (5, 6). We investigated the concentration of
these cytokines in lysates of CRC and paired normal tissue
and found a statistically significantly higher concentration in
cancer tissue. These findings are consistent with data from
previous studies (33-35). Interestingly, we also noted a
statistically significantly positively correlation between the
level of IL32 and these cytokines. Studies have shown that
IL32 increases the expression of these cytokines (12, 22, 23).
On the other hand, IL32 can be induced by TNFα and can
on its own further potentiate TNFα expression (36).

Paradoxically, it has been found that IL32 plays different
roles in different cell types and that some isoforms of IL32
are more active depending on cell types and show different
abilities to induce inflammation and cancer (12, 36, 37).
Choi et al. demonstrated that IL32γ was the most potent at
inducing the production of cytokines in macrophages (38).
Subsequently, evidence has suggested that both IL32α and

IL32γ seems to have anticancer effects by inhibiting colon
cancer cell growth (39, 40). 

In this study, it was critical to identify whether the
elevated level of IL32 together with the other investigated
cytokines in cancer tissue may have an impact on CRC
development. In our study, we used an antibody against
IL32α, IL32β and IL32γ and were unable to identify the
other isoforms. However, the isoforms IL32α, IL32β and
IL32γ are considered to be dominant (13) and our results
reflect the total amount of IL32 expressed. We found no
associations with clinical characteristics such as TNM stage,
except that the IL32 level was significantly higher in rectal
cancer compared to colon cancer tissues. 

By using immunohistochemistry, we detected
immunoreactivity of IL32 predominantly in cancer cells in
all investigated cases. Analysis of the association between
IL32 staining and TNM stage revealed statistical
significantly higher intensiity of staining in patients with
disseminated disease (stage III+IV) compared to patients
with localized disease (stage I+II). We did not note this
difference in the cancer lysates. This could be because cancer
lysates also express IL32 derived from other cell types in the
microenvironment and this masks difference in level of IL32
specifically expressed in the cancer cells as determined by
immunohistochemistry. Further studies with more cases are
warranted to investigate these issues. When assessing the
potential relationship between the investigated SNPs and
tissue concentration of IL32, we noted that patients who
were T/T carriers for SNP rs28372698 had a statistically
significantly lower IL32 level in CRC tissue compared with
patients bearing other rs28372698 genotypes. It has been
suggested from an association and functional study that this
SNP is linked to thyroid carcinoma susceptibility and
regulation of IL32γ expression (27). From these data, it can
be interpreted that IL32 expression in CRC tissue can
modulated by this SNP. Additional samples are required to
demonstrate that genetic variation of IL32 SNP rs28372698
has an effect on the phenotype of tumors to explain, among
other things, the immunohistochemical findings in this study. 

We found that the difference in baseline serum IL32
concentration between patients with CRC and healthy
controls was not statistically significant. The plasma IL32
level appears not to be useful as a biomarker for CRC.
However, an extended study is required to clarify whether
there is any difference in the expression of different IL32
isoforms between patients and controls. 

The strength of this study is a well-characterized patient
cohort with long follow-up time. The sample size of our
study was the largest to date, but more patients would be
needed to analyze associations between sub-groups with
different clinical features. A further observation is that the
CRC cases and controls were selected from one hospital,
which may not be representative of other populations.
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However, both populations came from a defined
geographical region which may represent the general
population in Sweden well.

Up to now, there has been little information available
about IL32 in CRC. In the present study, we report that no
association was identified between rs28372698, rs12934561
or rs4786370 IL32 gene polymorphisms and CRC risk or
survival. However, we noted that C/C for SNP rs12934561
was more frequent in elderly patients. Moreover, we
observed that IL32 protein expression was up-regulated in
CRC tissues compared to paired normal tissues and seems to
be modulated by SNP rs28372698. The IL32 protein level
also reflects both disseminated disease and location. The
results presented in this study comprised the initial stage of
forthcoming studies in our laboratory to determine whether
IL32 and its isoforms have clinical relevance regarding CRC.
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