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Abstract

Background: Carbohydrate sulfotransferases (CHST) were 
shown to be involved in carcinogenesis. The aim of the 
study was to assess the diagnostic value of serum CHST7 
concentration in differentiation between lung cancer and 
non-malignant pulmonary inflammations.
Methods: Clinical case-control study involving 125 partici-
pants was conducted: the control group containing cases 
of pneumonia and chronic obstructive pulmonary disease 
was compared to the lung cancer group composed of 
primary and metastatic cancers. Serum concentrations of 
CHST7 and routinely used markers including carcinoem-
bryonic antigen (CEA), cytokeratin fragment 21-1 (CYFRA 
21-1) and neuron-specific enolase (NSE) were determined 
for each participant using immunochemical methods. 
Statistical association, receiver operating characteristic 
(ROC) analysis and cross-validation were used for the 
evaluation of CHST7 either as a standalone biomarker or 
as a part of a biomarker panel.
Results: In comparison to the control group, serum 
CHST7 was elevated in lung cancer (p < 0.001), but no dif-
ferences between the overall stages of primary cancers 
were detected (p = 0.828). The differentiation performance 

in terms of ROC area under curve (AUC) was 0.848 making 
CHST7 superior biomarker to the NSE (p = 0.031). In com-
parison to CEA and CYFRA 21-1, the performance dif-
ferences were not detected. CHST7  was not correlated 
to other biomarkers, and its addition to the routine bio-
marker panel significantly improved the cross-validated 
accuracy (85.6% vs. 75.2%) and ROC AUC (p = 0.004) of the 
differentiation using a machine learning approach.
Conclusions: Serum CHST7 is a promising biomarker for 
the differentiation between lung cancer and non-malig-
nant pulmonary inflammations.

Keywords: biomarker; carbohydrate sulfotransferase; 
CHST7; lung cancer.

Introduction
Hyaluronan-binding chondroitin sulfate proteoglycans 
(CSPG) like versican together with CD44 membrane recep-
tor and the hyaluronan itself play an important role in 
different physiological processes like cell migration and 
recognition, extracellular matrix (ECM) deposition and 
morphogenesis [1–7], which are critically involved in the 
carcinogenesis [8–14]. Due to the well-described role in 
carcinogenesis and metastatic processes, hyaluronan, 
versican and CD44 are routinely used diagnostic and 
prognostic parameters of the lung cancer, among others. 
Biosynthesis of functional forms of versican and CD44 
critically depends on the sulfation of chondroitin chains 
catalyzed by the carbohydrate (chondroitin) sulfotrans-
ferase (CHST) enzymes, CHST7 in particular. The fact that 
CHST7 controls biosynthesis of CSPG involved in the car-
cinogenesis and metastatic processes shifts the focus from 
the hyaluronan, versican and CD44 to the CHST7.

To the best of our knowledge, the diagnostic proper-
ties of CHST7 have not been evaluated yet in any clini-
cal context. Before engaging in a more elaborate clinical 
study, we briefly evaluated the hypothesized association 
of CHST7  with the most common type of lung cancer, 
i.e. non-small cell lung carcinoma (NSCLC). Preliminary 
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evaluation involved the univariate statistical analysis 
of publicly available microarray data sets containing 
CHST7 expressions determined in peripheral blood mon-
onuclear cells (PBMC) and lung tissue samples collected 
in the clinical case-control studies [15–17]. This analy-
sis revealed the significant differences in PBMC CHST7 
expressions between NSCLC and non-malignant pulmo-
nary diseases (results not shown). Moreover, the signifi-
cant differences in CHST7 expressions were also detected 
when the malignant tissue samples were compared to 
the surrounding non-malignant lung tissue samples of 
NSCLC patients setting grounds for the clinical evalua-
tion of CHST7.

The described properties and preliminary results 
classify CHST7 in the category of lung cancer biomarker 
candidates. Moreover, the intracellular localization of 
CHST7 implies that increased cellular destruction, which 
occurs in malignancies, may be reflected in the elevation 
of serum CHST7 concentration, which opens the possibil-
ity for development of non-invasive applications. Non-
invasive and widely available yet reliable differentiation 
of the lung cancer from other pulmonary diseases pre-
senting with pulmonary inflammation still represents an 
elusive goal [18–20]. This is especially important problem 
in the chronic obstructive pulmonary disease (COPD) 
case [21–25]: lung cancer and COPD are tightly associated 
and frequently coexist, but they require different thera-
peutic approaches. In an attempt to tackle this problem, 
the clinical evaluation of serum CHST7 enzyme-linked 
immunosorbent assay (ELISA) used for the differentia-
tion between lung cancer and non-malignant pulmonary 
inflammations has been selected to be the object of this 
study.

Materials and methods
Clinical study design

Evaluation of serum CHST7, i.e. index test used for the differentia-
tion of lung cancer from non-malignant pulmonary inflammations, 
has been designed as the clinical case-control study, which was 
conducted in Osijek University Hospital, Croatia, and University 
Hospital Center Zagreb, Department for Lung Diseases Jordanovac, 
Croatia, in the period from 2012 to 2015. Where applicable, REMARK 
and STARD guidelines [26, 27] were followed. Patients of both gen-
der, older than 18 years, admitted to a hospital due to the suspected 
malignant pulmonary disease accompanied with clinical and labo-
ratory signs of inflammation, who gave the consent to participate, 
were eligible for the study. We chose the systematic, consecutive 
sampling of patients according to the order of their admission to a 
hospital. Subjects suffering from the non-pulmonary malignancies 

like lymphomas and pleural mesotheliomas were excluded from the 
study same as subjects for which the diagnostic workup was incom-
plete. All participants enrolled in the study were chemotherapy 
naïve. Of 125 participants, 71 were primary or metastatic (secondary) 
lung cancer cases and 54 were cases of non-malignant pulmonary 
inflammations. A detailed description of the studied population is 
given in the Table 1 and Figure 1. This study has been conducted in 
accordance with the World Medical Association Declaration of Hel-
sinki 2013 [28]. All enrolled subjects have signed informed consent, 
and the study has been granted approval by the Ethical Committees 
of both hospitals.

Blood samples taken from all enrolled subjects were used for 
the determination of serum CHST7 and routinely used diagnostic 
panel of lung cancer biomarkers including serum carcinoembry-
onic antigen (CEA), cytokeratin fragment 21-1 (CYFRA 21-1) and 
 neuron-specific enolase (NSE). The routinely used serum bio-
markers served as a benchmark for comparisons of diagnostic 
performance and statistical association studies. In addition to the 
comparison between cases and controls, CHST7 concentrations 
were compared across different cancer stages and different lung 
tumors. The heterogeneity of molecular signatures of pulmonary 
malignancies and underlying etiologies, which are frequently 
overlapping with other lung diseases, urges the use of cumula-
tive diagnostic approach that assumes simultaneous application 
of different tools, including different biomarkers. The influence of 
the serum CHST7 on the cumulative diagnostic performance of the 
lung cancer biomarker panel was evaluated by the multivariate dif-
ferentiation using machine learning. For that purpose, the routine 
biomarker panel performance was compared to the performance of 
the panel extended by the CHST7.

Table 1: Clinical characteristics of pulmonary patients enrolled in 
the study.

Properties/cases   Lung cancer  
(no. of cases)

  Non-malingnant 
inflammation 
(no. of cases)

Habits
 Smoker   37   11
 Ex smoker   29   12
 Non-smoker   5   31
Inflammatory conditions
 COPD   23   28
 Pneumonia   –   23
 Others   –   3
Cancer histology
 Adenocarcinoma   31   –
 Squamous cell carcinoma   20   –
 Large cell carcinoma   1   –
 NSCLC (not otherwise specified)   2   –
 Small cell lung carcinoma (SCLC)   7   –
 Carcinoid   2   –
 Metastatic (secondary) cancer   8   –
Gender
 Male   55   33
 Female   16   21
Age, years
 Median (range)   64 (19–90)   70 (35–89)
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Imaging diagnostics

The diagnostic workup of each participant included spirometry, radi-
ographic imaging techniques, bronchoscopy with samples collection 
accompanied by cytological and/or histological analysis. Radio-
graphic imaging used in this study composed of chest radiography in 
the anterior-posterior and lateral view and the multislice computer 
tomography of thorax and upper abdomen. Based on the listed pro-
cedures, lung cancer diagnosis was confirmed or excluded.

Laboratory evaluation

Cancer types were established using cytological and histological 
samples according to the World Health Organization classification of 
lung tumors [29]. The tumor-node-metastasis (TNM) staging system 
was used for the clinical staging of malignant cases [30].

Blood samples were collected in the sample tubes containing 
no anticoagulant (Becton Dickinson, Plymouth, UK). Within 1  h 
after collection, blood samples were centrifuged at 1300g for 10 min. 
Obtained serum samples were aliquoted, frozen and kept at −70 °C 
until the analysis. Serum CHST7 concentrations (μg/L) of the undi-
luted samples were determined using ELISA (USCN Life Science Inc., 
Wuhan, China) implemented on ETI-Max 3000 (DiaSorin, Saluggia, 
Italy). Concentrations of CEA, CYFRA21-1 and NSE were measured 
using the electrochemiluminescence immunoassay implemented on 
COBAS E 601 analyzer (Roche Diagnostics, IN, USA). Electrochemilu-
minescence immunoassays were validated by the manufacturer, and 
their performances have been regularly evaluated by the internal and 
external quality assessment schemes. CHST7 ELISA performances 
were evaluated using the internal quality assessment materials pro-
vided by the kit manufacturer.

Statistical analysis

Mann-Whitney U (MWU) test was applied for the unmatched pairwise 
comparisons. This test was conducted using the statistical package 
Statistica 7.0 (Stat Soft, Inc., Tulsa, OK, USA). Together with well-
known diagnostic parameter performance metrics, the difference in 
receiver operating characteristic (ROC) area-under-curve (AUC), i.e. 
Δ ROC AUC, has been used in this study. This metric is defined as a 
simple difference between the ROC AUC values, which correspond to 

two competing diagnostic parameters. As the ROC AUC itself, Δ ROC 
AUC is also a test statistic, which means that statistical significance 
p could be assigned to it. In this case, p represents the statistical sig-
nificance of difference between the competing diagnostic parameter 
performances. ROC AUC and differences thereof were calculated by 
the DeLong’s method [31–33], whereas confidence intervals (CI) were 
calculated by the bootstrap method involving 10,000 replicates. The 
minimum distance between ROC curve and upper left corner of the 
ROC graph was used for the serum CHST7 threshold establishment 
required for sensitivity and specificity analyses. The multivariate 
differentiation of malignant cases from non-malignant controls has 
been conducted using the random forest (RF) machine/statistical 
learning approach (default settings were used) [34, 35]. Leave-one-
out (LOO) cross-validation ROC of the multivariate differentiation 
was used as the estimator of cumulative diagnostic performance. 
Pearson’s correlation, ROC and RF computations were conducted 
using the statistical package R version 3.1.2. (R Foundation for Sta-
tistical Computing, Vienna, Austria) [36]. Results were considered 
significant if the corresponding p-value was <0.050.

Results

Association studies

Box-and-whisker plots showing serum CHST7 distribu-
tions in lung cancer and non-malignant pulmonary 
inflammations are given in Figures 2 and 3. Differences in 
the serum CHST7 concentrations between the overall lung 
cancer group and non-malignant inflammation group 
were statistically significant (n = 125, p < 0.001). All pair-
wise comparisons of non-malignant inflammations with 
each of the histological types of lung tumors (Figure 2) 
and with each of the overall (prognostic) stages of primary 
lung tumors have shown statistically significant differ-
ences (p < 0.050) in the serum CHST7 concentrations.

Serum CHST7 concentrations of the cancer group 
or group of coexisting cancer and COPD were signifi-
cantly increased in pairwise comparison with the COPD 
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Figure 1: Distribution of the primary lung tumor cases according to stages.
(A) Overall (prognostic) staging. (B) TNM staging (according to the TNM classification of malignant tumors, 7th edition).
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group and to the group involving other inflammations 
(Figure  3): p < 0.001  was calculated in all mentioned 
cases. No differences in the serum CHST7 concentra-
tion have been detected between the genders (n = 125, 
p = 0.212) or between the localized (T1-4N0M0) and the 
metastatic (T1-4N1-3M0-1) primary lung tumors (n = 63, 
p = 0.846). In case of TNM staging, the only significant 
difference in serum CHST7  was detected between the 
T classes of primary tumors (Figure  4): in comparison 
to T2 and T3 classes, the T4 class was associated with 

significantly higher CHST7 concentration (p = 0.007, n = 34 
and p = 0.004, n = 34, respectively).

Differentiation between lung cancer and 
non-malignant pulmonary inflammations by 
serum CHST7

Univariate diagnostic performance of serum CHST7 and 
routine biomarkers

CHST7 performance and its comparison to the univariate 
performances of routine lung cancer markers are given in 
Tables 2 and 3 and Figure 5. Actual CHST7 ROC AUC and 
Δ  ROC AUC between CHST7 and routine markers were 
used as the performance estimators.

Effect of CHST7 on the cumulative diagnostic 
performance of lung cancer biomarker panels

Multivariate differentiation of lung cancer from the non-
malignant pulmonary inflammations conducted by the 
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Figure 2: Serum CHST7 in lung cancer subtypes and non-malignant 
inflammations.
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Figure 4: Serum CHST7 in different T classes of primary lung 
tumors.

Table 2: ROC of serum CHST7 used for the differentiation between 
lung cancer and non-malignant pulmonary inflammations (n = 125).

Diagnostic property

AUC (95% CI) 0.848 (0.775–0.909)
Sensitivity (95% CI) 0.778 (0.667–0.889)
Specificity (95% CI) 0.747 (0.648–0.845)

Optimal threshold for the differentiation was 268 μg/L.
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RF has been evaluated using the LOO cross-validation 
(n = 125): cross-validated Δ ROC AUC (Figure 5B) was 0.088 
(p = 0.004), and it favors extended (CHST7, CEA, CYFRA21-
1, NSE) over the routine lung cancer biomarker panel (CEA, 
CYFRA21-1, NSE). The actual LOO classification accuracies 
were 85.6% and 75.2%, respectively.

Discussion
In comparison to non-malignant pulmonary inflamma-
tions, lung cancer is characterized by the substantially 
elevated serum CHST7 concentration (Figure 2). Figure 2 
reveals that this is a property shared by all pulmo-
nary malignancies where the small cell lung carcinoma 
(SCLC) shows the highest elevation of serum CHST7. Ele-
vated CHST7 expression and/or decay of the malignant 
tissue, including stromal cells like macrophages, may at 
least partially explain the described elevation of serum 
CHST7 in all types of lung cancer: CHST7 expression in 

macrophages rises in response to the interleukin 4 (IL-4) 
stimulation, which is a general characteristic of lung 
malignancies [10, 37]. In contrast to the IL-4, interferon 
γ (IFNγ) stimulation that is a characteristic of the non-
malignant inflammations reduces CHST7 expression in 
the tissue macrophages, maintaining low serum CHST7 
concentration. However, CHST7 may be expressed in other 
cells like peripheral immune cells or cancer cells, and the 
serum CHST7 elevation in lung malignancies requires 
further investigation. CHST7 that is elevated in both 
primary and metastatic (secondary) pulmonary malig-
nancies (Figure 2) reinforces the hypothesis that ties the 
serum CHST7 elevation to immune cells, stromal and/or 
peripheral remains to be determined.

All overall (prognostic) stages of primary lung tumors 
were associated with the significantly increased serum 
CHST7, and this elevation was uniform i.e. no significant 
differences among the stages were detected. TNM stages 
of primary lung tumors were also associated with the 
roughly uniform serum CHST7 elevation: even when local-
ized (T1-4N0M0) and metastatic (T1-4N1-3M0-1) primary 
lung tumors were compared, no differences were found. 
The only significant difference among the tumor stages 
in terms of serum CHST7 was detected when the T classes 
were compared (Figure 4). Serum CHST7 exceptionally 
elevated in the T4 stage suggests that the invasion of large 
vessels or surrounding organs was the main cause of 
exceptional CHST7 elevation as opposed to the lymphatic 
nodes involvement and the existence of distant metasta-
ses: serum CHST7 elevation in N stages and M stages was 
uniform. Invasion of surrounding organs and large vessels 
implies the extensive basement membrane remodeling 

Table 3: Differentiation between lung cancer and non-malignant 
pulmonary inflammations (n = 125): routine biomarkers’ ROC AUC, 
univariate ROC AUC differences (Δ ROC AUC) and correlations 
between the serum CHST7 and routine biomarkers.

Routine 
biomarker

  ROC 
AUC

  Δ ROC AUC 
(p)

  Pearson’s 
correlation (p)

CEA   0.749  0.099 (0.077)  0.020 (0.824)
CYFRA 21-1  0.824  0.024 (0.657)  0.055 (0.546)
NSE   0.727  0.121 (0.031)  0.138 (0.124)

Value in italics indicates significant results.
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Figure 5: ROC analyses: differentiation between lung cancer and non-malignant pulmonary inflammations (n = 125). 
(A) Univariate performance comparisons of CHST7 and routine lung cancer markers. (B) Cross-validated performance of routine panel (CEA, 
CYFRA 21-1, NSE) and the routine panel extended by CHST7 using RF multivariate classification (p = 0.004).
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either as a part of the tumor dissemination or as a part 
of the angiogenesis. Immune cells and fibroblasts local-
ized in the basement membrane meshwork composed of 
CSPG may be the source of CHST7 required for the exten-
sive basement membrane remodeling distinctive to the T4 
cases of primary lung cancer.

Highly significant results coming from association 
studies (Figure 2) paved the way for evaluation of serum 
CHST7 diagnostic performances. Serum CHST7 concen-
tration used for the differentiation between lung cancer 
and non-malignant pulmonary inflammations performed 
equally or better than the routinely used lung cancer 
biomarkers (Tables 2 and 3 and Figure 5A): CHST7 is 
characterized by the highest ROC AUC of 0.848, but the 
difference in ROC AUC is statistically significant only in 
the NSE case. Lung cancer and pulmonary inflammations 
are the tightly associated diseases where inflammations 
either precede or coexist with the lung cancer. Table 2 
and Figure 3 suggest that the serum CHST7 may be used 
in such situations making serum CHST7 a candidate bio-
marker for the COPD patients follow-up: in comparison 
to the COPD alone, the CHST7 tends to be elevated even 
when lung cancer and COPD coexist (Figure 3). The fact 
that there is no difference in CHST7 serum concentration 
between the overall (prognostic) stage I and later stages of 
primary lung cancers, all characterized by the increased 
serum CHST7, reinforces the proposed use of this enzyme: 
a marked elevation of CHST7 in COPD patients may be an 
early sign of the malignant transformation. Low to mod-
erate elevations, however, should be evaluated carefully 
due to the limited specificity of this biomarker candidate, 
which is a common property shared by all serum biomark-
ers analyzed in this study (Table 2 and Figure 5A).

Differences in the underlying molecular signatures 
between lung cancer cases may be reflected in the differ-
ent behaviors of studied biomarkers. Lack of correlation 
between the CHST7 and other lung cancer biomarkers 
(Table 3) is in line with this hypothesis, and it led to evalu-
ation of CHST7 influence on the cumulative diagnostic per-
formance of the biomarker panels. Expected improvement 
of the cumulative diagnostic performance achieved by the 
introduction of an independent parameter, namely serum 
CHST7, to the routine lung cancer biomarker panel has 
been confirmed, and it is highly significant (Figure  5B). 
Cross-validated accuracy of 85.6% corresponds to the 
extended panel containing only four lung cancer biomark-
ers of which three markers are routinely used. In order to 
achieve similar diagnostic accuracies for the differen-
tiation between NSCLC and non-malignant lung diseases 
using microarrays, Showe et al. [17] devised a panel of 29 
gene expression probes.

This study represents the first attempt to evaluate the 
diagnostic performance of serum CHST7 in any clinical 
context. It suffers from some disadvantages mainly asso-
ciated with the enrollment of subjects based on order of 
admission. The distribution of cancer stages and the age 
of onset of pulmonary diseases reflect the cancer stage 
and age of cancer patients recruited from the Croatian 
population. In this population, the later stages of cancer 
predominate and cancer patients are slightly younger than 
the patients suffering from the non-malignant pulmonary 
inflammations. These properties of enrolled population 
may compromise some of the study outcomes. Future 
studies should address the question of serum CHST7 per-
formance in settings involving early stages of lung cancer 
and case and control groups more equilibrated in terms 
of age, gender, smoking status, etc. Also, large cohorts 
are needed to comprehensively evaluate the relations 
between many TNM stages and histological types of lung 
cancer in terms of the serum CHST7.

Conclusions
To the best of our knowledge, this is the first report on 
application of serum CHST7 in cancer diagnostics. In com-
parison to non-malignant pulmonary inflammations, the 
CHST7 concentration was elevated not only in all clinical 
stages and evaluated types of primary lung cancer but also 
in metastatic (secondary) lung cancer. ROC analyses con-
ducted under the univariate settings showed that the dif-
ferentiation performance of serum CHST7 is equally good 
or better than the performance of routine biomarkers. 
CHST7 values in COPD and lung cancer patients suggest 
that CHST7 is a candidate marker for COPD patients’ diag-
nostic follow-up. Introduction of CHST7 to the panel con-
taining only three routinely used biomarkers improved 
the differentiation of lung cancer from non-malignant 
pulmonary inflammations using machine learning: the 
cross-validated diagnostic accuracy was comparable to 
the accuracies achieved in similar settings by the gene 
expression microarrays. Investigation of the serum CHST7 
determined by different analytical methods applied on 
samples taken from the larger and stratified populations 
involving participants with early stages of lung cancer is 
underway.
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