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Abstract

Background: Oral squamous cell carcinoma (OSCC) is an 
aggressive epithelial malignancy. Diagnosis at an early 
stage is a key for successful cancer therapy. Development 
of sensitive, specific, and non-invasive tumor markers, 
especially, in serum, is needed. Midkine (MK) is 
a plasma-secreted multifunctional peptide which is a 
heparin-binding growth factor.

Materials and Methods: Blood samples were collected 
from 20 patients with OSCC, 20 patients with oral 
premalignancy and 10 healthy controls. Only histologically 
proven oral cancer and precancerous patients were taken 
as test subjects. Healthy individuals without predisposing 
habits were selected. The Human Midkine ELISA kit 
(Biovendor,Czech Republic) was stored at 2-8°C. 

Statistical Analysis: One way ANOVA was applied using 
SPSS software.
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Results: Midkine Concentration in Poorly differentiated 
was significantly higher than Well differentiated OSCC. 
Midkine Concentration in stage II was significantly 
higher than stage I. There was a very strong positive and 
significant correlation between severity of disease and 
Midkine concentration. Also there was a strong positive 
and significant correlation between histological grades of 
oral squamous cell carcinoma and Midkine concentration. 

Interpretation & Conclusion: MK is a soluble, secreted 
cytokine and can be quantitated in blood. This is a merit of 
any biomarker compared to biopsy, as sampling of blood 
is minimally invasive, convenient, inexpensive and can 
be performed frequently for detecting, monitoring and 
managing illness. Increased MK expression in tissues, 
blood and urine has a strong relationship with higher 
malignant potential. Serum MK concentration may serve 
for cancer screening and monitoring the prognosis of the 
disease.

Introduction
Oral squamous cell carcinoma (OSCC) is an aggressive 

epithelial malignancy.(1) Despite reported progress in the 
diagnosis and treatment, the 5-year survival rate over 
the past two decades remains below 60% .(2,3) Diagnosis 
at an early stage is a key issue for modern oncology and 
successful cancer therapy. Development of sensitive, 
specific, and non-invasive tumor markers, especially, in 
serum, is needed. Many markers have shown promising 
results indicating future application, including serum midkine 
(MK). Midkine, is also known as MDK, FLJ27379, and 
NEGF2.(4) MK is a plasma-secreted multifunctional peptide 
which, together with pleiotrophin (PTN), forms a structurally 
distinct family of heparin-binding growth factors.(5) The 
human Midkine gene is located on chromosome 11q11 and 
encodes a 13-KDa protein rich in basic amino acid and 
cysteine.(6,7) MK is composed of an N-terminally located 
domain, and a C-terminally-located domain flanked by 

intra-domain disulfide bridges. (8) In the C-terminal half of 
human MK, heparin-binding clusters, namely cluster I and 
cluster II, have been identified. (9,10) Cluster I is essential for 
the recognition of heparin sulfate as well as chondroitin 
sulfate proteoglycans, and functions of neurite outgrowth, 
fibrinolysis, and nerve cell migration. (10,11,12)

In 1988, Kadomatsu et al. first isolated an MK cDNA 
clone by differential hybridization and reported that MK 
was intensely expressed in early differentiation stages of 
embryonal carcinoma cells. (2) RNA was originally detected 
only in midgestation mouse embryos and kidney in adults, 
and therefore MK was initially called “midgestation 
embryo and kidney (MK) gene”.(5) Its expression becomes 
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increased during the early differentiation stage in 
embryonal carcinoma cells. MK is highly expressed in 
mid-gestational period during embryogenesis. (13)

MK has various biological activities such as neuronal 
survival and tissue repair. MK plays an important role in 
carcinogenesis, it can contribute to tumor progression, 
including angiogenesis, cell proliferation, and antiapoptosis. 
(13) Many carcinoma specimens, including oesophagus, gall 
bladder, pancreas, colorectal, breast and lung carcinomas 
express midkine at high levels, while normal tissues of 
human adults show limited expression. (14)

Being a secretory protein, the blood midkine level 
can be monitored. An elevated serum midkine level is 
detected in more than 60% of human adult carcinomas 
and a concomitant decrease is seen after the removal 
of tumour. (14) Studies have shown that MK expression 
is increased in oral squamous cell carcinoma, indicating 
it as a strong candidate in the carcinogenic process .(13)

Serum MK concentrations may thus be a useful marker 
not only for cancer screening but also for predicting 
prognosis in OSCC patients, serving as a target for anti-
neoplastic therapies and ultimately reducing the morbidity 
and mortality associated with OSCC. (15)

As per our knowledge of the published data, so far no 
study has been conducted on serum midkine levels in 
oral premalignancy. In the present study, we attempted 
to study serum midkine concentrations in OSCC and oral 
premalignancy and explore the possibility of its application 
as a diagnostic tool and prognostic factor.

The present study was conducted with the aim 
to evaluate the concentration of serum Midkine and 
assess its role as a diagnostic tool in Oral squamous cell 
carcinoma and Oral Premalignancy.

Materials & Method
This study was approved by the Institutional Ethics 

committee for human subjects. Blood samples were 
collected from 20 patients with OSCC, 20 patients with 
oral premalignancy and 10 healthy controls after written 
consent. Case history Proforma with TNM staging 
details were obtained from records of department. Only 
histologically proven oral cancer and precancerous 
patients were taken as test subjects with disease. The 
OSCC patients were tabulated according to histological 
grades & TNM staging (Table 1). Healthy individuals with 
predisposing habits like smoking, subjects with history 
of Alzheimer’s, infarcts, liver dysfunction, rheumatoid 
arthritis, hypertension, diseases of kidney, pregnancy 
and similar conditions as well as confounding factors 
were not selected for study. The Human Midkine ELISA kit 
(Biovendor,Czech Republic) was stored at 2-8°C.

100 μl of diluted Standards, Quality control and 
Samples were added and pipetted in duplicates, into the 
appropriate wells. Subsequently, 100 μl of Biotin Labelled 
Antibody, 100 μl of Streptavidin-HRP Conjugate were 
added respectively in a stepwise manner, incubated and 
washed. Finally100 μl of Substrate Solution was added 
and incubated. The colour development was stopped by 
adding 100 ml of Stop Solution. The absorbance of each 
well was read within 5 minutes using a microplate reader 
set to 450 nm. All observational data & results were 
validated by using standard statistical SPSS software.

One way ANOVA was used to determine whether there 
was any statistically significant differences between 
Midkine Concentration of Healthy controls, Leukoplakia and 
OSCC groups & between Midkine Concentration of different 
histological grades of OSCC. Tukey post hoc was applied 
for pairwise comparison between Midkine Concentration in 
OSCC, Leukoplakia and Healthy controls &between Midkine 
Concentration of different histological grades of OSCC. 
Unpaired t-test was applied to determine whether there 

CASE.
NO.

HISTOLOGICAL GRADING TNM STAGING

1 Well differentiated Stage I (T1N0M0)

2 Well differentiated Stage I (T1N0M0)

3 Poorly differentiated Stage II (T2N0M0)

4 Well differentiated Stage I (T1N0M0)

5 Moderately differentiated Stage I (T1N0M0)

6 Moderately differentiated Stage II (T2N0M0)

7 Well differentiated Stage I (T1N0M0)

8 Well differentiated Stage I (T1N0M0)

9 Poorly differentiated Stage II (T2N0M0)

10 Well differentiated Stage I (T1N0M0)

11 Well differentiated Stage I (T1N0M0)

12 Moderately differentiated Stage II (T2N0M0)

13 Well differentiated Stage II (T2N0M0)

14 Moderately differentiated Stage II (T2N0M0)

15 Well differentiated Stage I (T1N0M0)

16 Well differentiated Stage I (T1N0M0)

17 Well differentiated Stage I (T1N0M0)

18 Well differentiated Stage I (T1N0M0)

19 Well differentiated Stage I (T1N0M0)

20 Well differentiated Stage II (T2N0M0)

Table 1. Histological Grading & TNM Staging of OSCC 
patients
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was any statistically significant difference between Midkine 
Concentration in TNM staging. Spearman’s rank correlation 
was applied to determine whether there was significant 
correlation between severity of disease and Midkine 
concentration & between histological grades of OSCC and 
Midkine concentration. Mean Midkine concentrations were 
also compared to calculate Variance.

Results
The MK concentration in healthy controls ranged from 

0.2043 - 0.3506 ng/ml. While values were significantly 
increased in Oral Premalignancy (Leukoplakia) and Oral 
squamous Cell Carcinoma ranging from 0.4501-0.4890 
ng/ml and 0.8758 - 0.9113 ng/ml respectively.

Statistical Analysis
One way ANOVA showed significant difference between 

Midkine Concentration of Healthy controls, Leukoplakia 
and OSCC groups. Tukey post hoc was applied for pairwise 
comparison, it showed that Midkine Concentration in OSCC 
was significantly higher than Leukoplakia and Healthy 
controls. Also, Midkine Concentration in Leukoplakia was 
significantly higher than Healthy controls (Figure 1).

One way ANOVA showed significant difference between 
Midkine Concentration of different histological grades 

of OSCC. Tukey post hoc was applied for pairwise 
comparison, it showed that Midkine Concentration in 
Poorly differentiated was significantly higher than Well 
differentiated OSCC. There was no significant difference 
between Midkine Concentration of Well differentiated 
and Moderately differentiated OSCC & Moderately 
differentiated and poorly differentiated OSCC (Figure 2).

Unpaired t-test showed that Midkine Concentration in 
stage II was significantly higher than stage I (Figure 3).

Spearman’s rank correlation showed a very strong 
positive and significant correlation between severity 
of disease and Midkine concentration. Also there was 
a strong positive and significant correlation between 
histological grades of oral squamous cell carcinoma and 
Midkine concentration.

Mean Midkine Concentrations were compared 
between Healthy controls, Leukoplakia and OSCC groups, 
between Histological grades of OSCC & between TNM 
stages of OSCC to depict Variance (Figure 4, 5, 6).

Figure 1. Comparison of mean Midkine Concentration 
(nanogram/ml) between different groups
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Figure 2. Comparison of mean Midkine Concentration 
(nanogram/ml) between various Histological grades of OSCC
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Figure 3. Comparison of mean Midkine Concentration 
(nanogram/ml) between different TNM stages of OSCC
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Discussion
Histopathological diagnosis remains a gold standard 

for confirmatory diagnosis of cancer. However, early 
diagnosis of cancer is still the key to more successful 
cancer therapy. Hence, a sensitive, specific and non- 
invasive tumor marker is what we thrive for to achieve 
that goal. Improved survival of patients with oral cancer 
(OSCC) requires better techniques for the prediction of 
prognosis. Studies on usefulness of tumour-associated 
antigens for primary diagnosis of OSCC, have been 
conducted, but so far a precise prediction of prognosis 
has not been possible. (16,17) A prognostic serum biomarker, 
like MK may help improve the 5-year survival rate, which 
has remained below 60% in last two decades. (18)In the 
present study the serum Midkine levels were quantified 
by ELISA. MK is a soluble, secreted cytokine and can be 
readily quantitated in blood samples, thereby making it 
a minimally invasive biomarker for detecting, monitoring 
and managing illness. (19)

Midkine in Malignancy
The study displayed significant difference (P= 

<0.05) between Midkine Concentration of Healthy 
controls, Leukoplakia and OSCC groups with One way 
ANOVA statistics. Midkine Concentration in OSCC was 
significantly higher than Leukoplakia and Healthy 
controls. The results were in accordance with the study 
by Jham BC et al (2012) on surgically excised specimen 
where MK expression was increased in OSCC in relation to 
leukoplakia and normal mucosa and Ruan M et al (2007) 
where MK was overexpressed in OSCC tissues. (14,15) Ota 
K et al (2008) also reported significantly higher serum 
midkine concentrations and MK mRNA in OSCC than in 
healthy controls .(13)

These results were also in accordance with studies 
where MK was overexpressed in various human cancers. 
(16,20-38)

Midkine in Premalignancy
In our study, Midkine concentration in Leukoplakia 

was significantly (P= <0.05) higher than Healthy controls, 
which was in accordance with the study by Ye C et al 
(1999) where expression of midkine in the early stage 
of carcinogenesis in human colorectal cancer was 
evaluated. (22)In similar context, a study by Jham BC et al 
(2012) conducted with the aim to evaluate the expression 
of MK in tissue samples of OSCC, leukoplakia, and healthy 
oral mucosa, no differences in the expression of MK 
between non- dysplastic and dysplastic leukoplakia was 
observed. (15)

Midkine and Clinicopathological correlation
In study by Ota K et al (2008), s-MK concentrations 

were significantly higher in even early-stage OSCC in 
comparison with healthy individuals, (13) Furthermore, 
the study by Jham BC et al (2012) on surgically excised 
specimen to evaluate Midkine expression in oral 
squamous cell carcinoma and Leukoplakia, showed 
that MK expression was increased in OSCC in relation 
to leukoplakia and normal mucosa. MK expression was 
increased in late-stage tumors (T3/T4) compared with 
early-stage lesions (T1/T2). (15)

Ruan et al (2007) also confirmed by IHC that high 
MK expression in OSCC samples was significantly 
correlated with poorer clinical outcome, and the level 
of MK expression was correlated with tumor size and 
stage. (14) However, in gastrointestinal stromal tumors and 
pancreatic head carcinoma, MK protein expression was 
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evaluated by Kaifi et al (2007) and Maeda S et al (2007), 
by IHC and was correlated with a poor prognosis but had 
no relationship to tumor size and lymph node metastasis. 
(28,39) With regard to analysis of serum MK concentrations, 
similar results were obtained for esophageal squamous 
cell carcinoma and endometrial carcinoma by Shimada 
H (2003) and Tanabe K (2008) respectively. (29,35) It can 
be theorized that MK expression may serve a dominant 
function in prognosis, with the mechanisms for tumor 
proliferation and metastasis being different. In the present 
study Midkine concentration was significantly higher in 
clinical stage II than stage I. The other studies on OSCC 
by Ota K et al (2010) and Ota K et al (2008) displayed 
no significant correlations with the clinicopathological 
factors of tumor size, cervical lymph node metastasis 
and pathological differentiation and no correlation 
between s-MK and sex, tumour size, cervical lymph 
node metastasis, or degree of differentiation of OSCC 
respectively.(13,40) Whereas Jham BC et al (2012) reported 
increase in MK expression in late-stage tumors (T3 / T4) 
in comparision with early-stage lesions (T1 / T2). (15)

Conclusion
The medical science has ever been focussing on 

identification and detection of the genes and proteins 
which are either over or under expressed in certain 
diseases. MK is a soluble, secreted cytokine and can be 
quantitated in blood. This is a merit of any biomarker 
compared to biopsy, as sampling of blood is minimally 
invasive, convenient, inexpensive and can be performed 
frequently for detecting, monitoring and managing 
illness. Increased MK expression in tissues, blood and 
urine has a strong relationship with higher malignant 
potential. Serum MK concentration may serve for cancer 
screening and monitoring the prognosis of the disease. 
MK could be a potential new target for antitumor therapy. 
Improved perception of the biological features and clinical 
significance of MK may bring new insights into the 
development of a sensitive and specific tumor marker and 
may also herald novel therapeutic strategies.
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