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Prognostic value of type XXII and XXIV collagen
mRNA expression in head and neck cancer patients
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Abstract. Squamous cell carcinoma of the head and neck
(HNSCQC) is the sixth most common type of cancer, affecting
~500,000 individuals worldwide annually. Collagen is the
major constituent of the extracellular matrix component in
tumors and plays a crucial role in tumor development. The
aim of this study was to determine the mRNA expression of
type XXI, XXII, XXIIT and XXIV al collagen (COL21AI,
COL22A1, COL23A1 and COL24Al, respectively) in head
and neck squamous cell carcinoma (HNSCC) and investigate
its correlation with disease progression. This study investi-
gated the mRNA expression levels of COL2/A1, COL22A1,
COL23A1 and COL24A1 in 70 HNSCC primary samples
and 44 matched pairs of tumor and adjacent normal mucosal
tissues using quantitative polymerase chain reaction (QPCR).
Expression data were compared to the clinicopathological
variables in order to determine the correlation between expres-
sion and disease progression. Our results demonstrated that the
mRNA levels of COL22A1 and COL24A1 were significantly
higher in HNSCC tissues compared to those in the corre-
sponding normal tissues from the same individuals (n=44;
P<0.001 and P=0.019, respectively). The COL22A] mRNA
levels were found to be significantly associated with lymph
node metastasis (P=0.018) and pathological stage (P=0.024),
whereas the COL24A1 mRNA levels were significantly associ-
ated with tumor size (P=0.045). The high expression levels of
COL22A1 and COL24A1 mRNA were statistically correlated
with a decrease in disease-free survival (DFS) (log-rank test,
P<0.001). The results of the multivariate logistic regression
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analysis revealed that high expression levels of the COL22A1
and COL24A1 gene pair were associated with a high odds ratio
for recurrence of 14.62 (95% confidence interval: 2.77-77.26;
P=0.002). Therefore, the upregulation of COL22A1 and
COL24A1 mRNA may play a critical role in the progression
of HNSCC and provide useful information as a prognostic
predictor for HNSCC patients.

Introduction

Squamous cell carcinoma of the head and neck (HNSCC)
is the sixth most common type of cancer, affecting
~500,000 individuals annually worldwide (1). Various
risk factors are associated with the development of
HNSCC, including gender, tobacco smoking and alcohol
consumption (2). The prognosis for HNSCC patients remains
poor, despite the significant technical advances in surgical
treatment, radiotherapy and chemotherapy (3).

Collagens are a large family of at least 28 extracellular
matrix proteins that play vital structural and physiological roles
in maintaining the integrity and contributing to the homeo-
stasis of the human body (4). Collagen is the major constituent
of the extracellular matrix component in tumors and several
types of collagen have been identified in cancer tissues (5).
Recently, numerous studies investigated the role of collagens
that are secreted into the tumor extracellular matrix; however,
the number of available studies on transmembrane collagens,
including type X, XIII, XVII and XVIII collagen, and their
role in promoting tumor growth, invasion and metastasis, is
limited (6). Despite the accumulating evidence demonstrating
the role of major collagen genes in cancer, the physiological
effects of minor collagen genes, such as COL2IAI, COL22A1,
COL23A1 and COL24A1, have not been fully elucidated.

The COL2IAI gene is localized to 6pll-12 and
COL2]AI mRNA is present in a number of tissues, including
the heart, stomach, kidney, skeletal muscle and placenta,
whereas type XXI collagen is an extracellular matrix
component of blood vessel walls (7). The COL2IAI gene
encodes the a chain of collagen XXI, which is a member of
the fibril-associated collagens with interrupted triple helices
(FACIT) collagen family. Similar to other members of the
FACIT collagen family, collagen XXI, which localizes to
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tissues containing type I collagen, may play a role in main-
taining the integrity of the extracellular matrix (8).

The COL22A1 gene positioned on human chromosome
8q24.2 encodes a collagen that structurally belongs to the
FACIT protein family. Collagen XXII is a novel gene product,
which is a specific extracellular matrix protein present only
at the tissue junctions of muscles, tendons, the heart, articular
cartilage and skin. Collagen XXII is deposited in the basement
membrane zone of the myotendinous junction (9).

COL23A1, as a transmembrane collagen, belongs to the
subfamily of non-fibrillar collagens that contain a single-pass
hydrophobic transmembrane domain. The collagen XXIII
protein is detected at very low levels in benign prostatic tissues,
whereas significantly increased levels have been detected in
prostatic cancer tissues (10). Collagen XXIII is also expressed
in a high proportion of tissue and urine samples from patients
with non-small-cell lung cancer (11). A correlation between
the upregulation of COL23A1 and tumor progression was
previously described for several types of cancer (10,11).

COL24A1, which is predominantly expressed in bone tissue,
is a poorly characterized member of the fibril-forming family of
collagen molecules (12). This fibrillar collagen may be involved
in the regulation of vital physiological processes in bone and
cartilage. The expression of collagen XXIV is detected at lower
levels in non-skeletal tissues, such as the brain and the eye,
suggesting a potentially broader role in organogenesis (13).

In this study, we aimed to investigate the mRNA expres-
sion levels of COL21IAI and COL24A1 in HNSCC tissues
(typical SCC specimens) and normal mucosal tissues from
the same individuals, in order to determine the correlation
between their expression and disease progression.

Materials and methods

Tumor specimens and patients. Patients diagnosed with
HNSCC (n=70) who were treated at the Department of
Otolaryngology/Head and Neck Surgery, Hamamatsu
University School of Medicine (Shizuoka, China), were included
in this study. HNSCC tumor specimens were obtained from the
70 patients during surgery. Clinical information, including age,
gender, tumor site, smoking status, alcohol consumption, tumor
size, lymph node status and tumor stage were obtained from the
clinical records. The mean patient age was 65.0 years (range,
37-85 years) and the male:female ratio was 55:15. The primary
tumors were located in the oral cavity (n=24), pharynx (n=19),
larynx (n=15) and paranasal sinuses (n=12). Matched pairs of
head and neck tumors and adjacent normal mucosal tissues were
obtained from the surgical specimens of 44 patients for initial
expression screening. All patients provided written informed
consent under a protocol approved by the Institutional Review
Board of the Hamamatsu University School of Medicine.

RNA extraction and quantitative polymerase chain reac-
tion (qPCR). Frozen tissue specimens were stored at -80°C
until RNA extraction. Total RNA was isolated using the
RNeasy Mini kit (Qiagen, Hilden, Germany) and treated
with RNase-Free DNase (Qiagen). cDNA was generated from
DNase-treated total RNA using random primers (Invitrogen
Life Technologies, Carlsbad, CA, USA) with Superscript II
reverse transcriptase (Invitrogen Life Technologies). The
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primer sequences and PCR conditions are provided in Table I.
All the qPCR reactions were performed with the Thermal
Cycler Dice™ Real Time System TP800 (Takara, Tokyo,
Japan). For each PCR evaluation, 2 ul of diluted cDNA, 12.5 ul
of SYBR® Premix Ex Taq™ Perfect Real Time (Takara) and
0.5 ul of the primers were added to a final volume of 25 ul.
The thermal cycler conditions were as follows: an initial
denaturation step at 95°C for 10 sec, followed by 45 cycles
of denaturation at 95°C for 5 sec and annealing/extension at
60°C for 30 sec (two-step reaction). Analysis was performed
with Thermal Cycler Dice Real Time System TP800 soft-
ware, version 1.03A (Takara) according to the manufacturer's
instructions. For comparisons between samples, the mRNA
expression of the target genes was normalized to GAPDH
mRNA expression.

Statistical analysis. The differences in the expression levels
of COL21A1, COL22A1, COL23A1 and COL24A1 mRNA
between normal and malignant tissues were assessed with the
Wilcoxon signed-rank test. Statistical analyses of the associa-
tions between variables were performed by the Mann-Whitney
U test. The disease-free survival (DFS) was measured from
the date of treatment initiation to the date of diagnosis of
locoregional recurrence or distant metastasis. DFS prob-
abilities were estimated by the Kaplan-Meier method and
the log-rank test was applied to assess the significance of the
differences among actuarial survival curves. A multivariate
logistic regression analysis was used to identify the predictive
value of prognostic factors, including age, gender, smoking
status, alcohol intake, tumor stage and the expression of each
gene (14,15). P<0.05 was considered to indicate a statistically
significant difference. Data are expressed as the means + SD.
Statistical analyses were performed with the StatMate IV
software package (ATMS Co., Ltd., Tokyo, Japan).

Results

mRNA expression levels in matched pairs of HNSCC and
adjacent normal mucosal tissues. The expression levels of
COL2IAI, COL22A1, COL23A1 and COL24A1 mRNA were
determined in 44 HNSCC and 44 paired normal mucosal
tissues using qPCR. The mRNA levels were normalized to
GAPDH and are shown in Fig. 1. The COL21A1 mRNA level
in HNSCC tissues was found to be 4-fold lower compared to
that in the paired non-cancerous mucosa (P=0.019, Wilcoxon
signed-rank test) (Fig. 1A). There was a significant 15-fold
increase in COL22A1 mRNA expression in HNSCC tissues
compared to that in normal tissues (P<0.001) (Fig. 1B). There
were no significant differences in the COL23A1 mRNA levels
between cancerous and normal tissues (Fig. 1C). The levels
of COL24A1 mRNA were increased by 2.5-fold in HNSCC
compared to those in normal tissues (P=0.019) (Fig. 1D).

COL21Al, COL22A1, COL23A1 and COL24A1 mRNA
expression in 70 HNSCC primary samples. Clinical data,
including age, gender, smoking status, alcohol exposure, tumor
stage and survival were recorded for 70 patients. Samples
from previously untreated primary tumors were tested with
the same primers (Table I). COL2I/AI and COL23A] mRNA
expression levels were not found to be associated with any of
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Table I. Primers for quantitative polymerase chain reaction.
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Primer name Sequence Base pairs Temperature (°C) Cycles
COL21AI sense  5'-GGATTAATGGGTAGTCCCGGTTTC-3' 149 60 45
antisense  5'-TGTCCTGGAGGCCCAATTTC-3'
COL22A1 sense  5'-GTGATTGGCAAGCGCCTCTAC-3' 98 60 45
antisense  5'-CAAGTCTCCAATTCTGCGTGTCTC-3'
COL23A1 sense 5'-AAGCTCCATCCGAATGTGTCTG-3' 108 60 45
antisense  5-GGTAGCCATCTCGTCCTGATTG-3'
COL24A1 sense 5'-CCCAGCACGAATCTGCAAAG-3' 135 60 45
antisense  5'-GTCTGGCCACCAGCACTGAA-3'
GAPDH sense 5'-GCACCGTCAAGGCTGAGAAC-3' 138 60 40
antisense  5'-TGGTGAAGACGCCAGTGGA-3'
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Figure 1.COL21AI, COL22A1, COL23A1 and COL24A] mRNA patterns in matched pairs of head and neck tumors and adjacent normal mucosal tissues.
The relative expression levels of (A) COL21A1, (B) COL22A1, (C) COL23A1 and (D) COL24A1 were analyzed in the clinical samples. The changes between
cancerous and normal mucosal tissues were considered to be significant, as determined by the Student's t-test and the Wilcoxon signed-rank test. The P-values
were calculated by the Wilcoxon signed-rank test. T, tumor; N, normal mucosal tissues.

the clinicopathological characteristics. The expression levels
of COL22A1 mRNA were significantly increased in cases
with lymph node metastasis (P=0.018) and stage IV tumor
(P=0.024), but did not differ significantly among tumors
of varying sizes (P=0.473). Notably, the COL24A] mRNA
expression levels were significantly higher in T1-2 tumors

compared with those in T3-4 tumors (P=0.045), suggesting
that an increase in mRNA expression may occur early during
the course of carcinogenesis (Table II and III).

DFS. The correlation of COL21A1, COL22A1, COL23A1 and
COL24A1 mRNA expression status with patient DFS was
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Table IT. mRNA expression levels of COL21A1 and COL22A1 in HNSCC samples (n=70).

Patient and tumor COL21AI COL22A1

characteristics (n=70) expression levels P-value® expression levels P-value®

Age (years)
<70 (50) 0.12+0.20 0.511 3.17+8.73 0.107
=70 (20) 0.24+0.40 5.69+10.72

Gender
Male (55) 0.15+0.26 0.511 3.64+8.63 0.492
Female (15) 0.19+0.33 4.79+11.83

Smoking status
Non-smoker (22) 0.12+0.19 0.586 4.22+5.78 0.407
Smoker (48) 0.17+0.31 3.73+£10.6

Alcohol exposure
No (29) 0.17+0.32 0.642 4.11£11.06 0.482
Yes (41) 0.15+£0.25 3.73+8.02

Tumor size
T1-2 (21) 0.19+0.33 0.995 2.55+3.40 0473
T3-4 (49) 0.14+0.25 4.46+10.89

Lymph-node status
NO (36) 0.16+0.29 0.967 1.61+£2.84 0.018
N+ (34) 0.16+0.27 6.30+12.80

Tumor stage
I II, 1T (35) 0.10+0.18 0.760 1.41£2.47 0.024*
IV (35) 0.22+0.34 6.36+12.61

Data are expressed as means + standard deviation. “P<0.05. "Mann-Whitney U test. HNSCC, head and neck squamous cell carcinoma. COL21A],
collagen type XXI al mRNA; COL22A1, collagen type XXII al mRNA.

Table III. mRNA expression levels of COL23A1 and COL24A1 in HNSCC samples (n=70).

Patient and tumor COL23A1 COL24Al

characteristics (n=70) expression levels P-value® expression levels P-value®

Age (years)
<70 (50) 1.84£3.17 0.200 22.85+29.60 0.104
=70 (20) 0.95+1.77 39.28+62.86

Gender
Male (55) 1.63£2.32 0.694 31.98+27.12 0.062
Female (15) 1.58+£3.01 26.33+45.17

Smoking status
Non-smoker (22) 1.78+4.11 0.939 20.67+23.39 0.257
Smoker (48) 1.50+2.11 30.69+47.91

Alcohol exposure
No (29) 1.33+2.01 0.716 25.53+£33.38 0.703
Yes (41) 1.77£3.33 28.97+47.25

Tumor size
T1-2 (21) 0.71+0.92 0.238 39.66+60.84 0.045°
T3-4 (49) 1.96+3.30 22.35+29.75

Lymph-node status
NO (36) 1.29+1.83 0.577 23.94+23.19 0.930
N+ (34) 1.90+3.65 31.36+55.31

Tumor stage
I II, 11 (35) 1.38+1.80 0.819 25.12+£32.42 0.438
IV (35) 1.79+3.64 29.97+49.86

Data are expressed as means + standard deviation. “P<0.05. "Mann-Whitney U test. HNSCC, head and neck squamous cell carcinoma. COL21Al,
collagen type XXI al mRNA; COL23A1, collagen type XXIII a1 mRNA.
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Figure 2. Kaplan-Meier estimates of disease-free survival (DFS) of 70 patients based on collagen gene expression status. Patient DES by (A) COL21A1,
(B) COL22A1, (C) COL23A1 and (D) COL24A1 expression status. A total of 35 patients with head and neck squamous cell carcinoma (HNSCC) were clas-
sified as the high-expression (dotted line) and 35 patients as the low-expression group (solid line). The cut-off was determined by the median in 70 patients.
DEFS in patients by (E) COL22A1 and COL24A1 expression status: 17 HNSCC patients exhibited a high expression of the two genes (solid line), whereas
17 HNSCC patients exhibited a low expression of the two genes (dotted line); these differences were statistically significant (P<0.001, log-rank test).

assessed with the Kaplan-Meier method. At each cut-off value
(median), the data was divided into low- and high-mRNA
expression groups. COL2IAI and COL23A1 mRNA expres-
sion was not found to be associated with any difference in DFS
(Fig. 2A and C), whereas high COL22A1 mRNA expression
levels were significantly associated with earlier disease recur-
rence (P=0.041, log-rank test) (Fig. 2B). Furthermore, high
COL24A1 mRNA expression was associated with a statistically
significant decrease in DFS (P<0.001, log-rank test) (Fig. 2D)
and high COL22A1 and COL24A1 mRNA expression was
associated with a DFS rate of 11.1% compared with 83.0% in
the low-expression group (P<0.001, log-rank test) (Fig. 2E).

Multivariate logistic regression analysis. The multivariate
logistic regression analysis revealed that there was an
association between the estimated odds-of-recurrence and

methylation of the COL2IAI, COL22A1, COL23A1 and
COL24A1 genes. The association between the expression of
COL2]AI,COL22A1 and COL23A1 in the primary tumor and
the increase in the odds-of-recurrence was not considered to
be significant. When COL24A1 was highly expressed in the
primary tumor, the adjusted odds ratio (OR) for recurrence was
7.45 [95% confidence interval: 2.25-24.67; P=0.001]. Patients
with high expression levels of COL22A1 and COL24Al
mRNA exhibited a higher OR for recurrence (OR=14.62, 95%
confidence interval: 2.77-77.26; P=0.002) compared with those
without high expression of this gene pair (Fig. 3).

Discussion

To the best of our knowledge, this study is the first to quantita-
tively assess the changes in the expression levels of COL21A1,
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Target gene Odds ratio for survival (35% CI)
COL21A1 oplp— 2.54 (0.84-7.69)
caoLzzal —— 2.61 (0.88-7.74)
COLZ23A1 —_—— 0.90 (0.31-2.60)
COL24A7 — 7.45 (2.25-24.67)
COL21AT & 22A1 — £.22 (1.54-25.10)
COL21A7T & 23A1 —— 1.87 (0.57-6.13)
COLZ21A1 & 24A1 - 3.27 (0.89-11.97)
COL22471 & 23A1 — 1.47 (0.47-4.63)
COL22A7T & 24A7 - 1462 (2.77-T7.26)"
COL23A1 & 24A1 — 4.82 (1.25-18.59)
COL21AT & 22A1 & 23A1 - 3.89 (0.92-16.42)
COL21AT &22A1 & 24A1 JRR — 7.96 (1.37-46.18)"
COL21AT & 23A14& 24A1 - 261 (0.61-11.05)
COL22A1 & 23A1 & 24A1 PR S— 9.25 (1.61-53.23)"
Full panel - 5.80 (0.91-37.12)
0.1 1 10 100 1000

Figure 3. Odds ratio for overall survival determined by the multivariate logistic
regression model adjusted for age (=70 vs. <70 years), gender, smoking status,
alcohol exposure and tumor stage (I, I, III vs. IV). The multivariate logistic
regression analysis revealed the estimated odds of recurrence associated with
the expression of COL21A1, COL22A1, COL23A1 and COL24A1 genes. The
COL22A1 and COL24A1 gene pair in the primary tumor was found to be
associated with the most significant odds ratios for recurrence. "P<0.05.

COL22A1, COL23A1 and COL24A1 mRNA in head and
neck cancerous and normal mucosal tissues from the same
individual. Collagen is a major component of the extracellular
matrix and the basement membrane and provides a protective
barrier that must be compromised in order for tumor cells
to metastasize to distant sites (16,17). The role of the tumor
microenvironment, along with extracellular matrix elements,
such as laminin, fibronectin and a variety of collagens, are
critical in promoting tumor growth, survival and dissemina-
tion (18,19). Several studies have suggested that the serum
levels of type I and III collagen degradation products are asso-
ciated with survival in patients with HNSCC (20). Endostatin,
a collagen XVIII fragment, was shown to inhibit tumor
progression by directly affecting the tumor cells, rather than
only acting via the endothelial cells to block angiogenesis (21).
Furthermore, the hypermethylation of COLIA2 was found to
be an independent predictor of survival in patients with head
and neck cancer (22).

Type XXI and XXII collagens are members of the FACIT
collagen family, which also includes type IX, XII, XIV and
XIX collagens. These collagens may serve as molecular
bridges that enable the organization and stability of the extra-
cellular matrix (3,9). Our results revealed reduced expression
levels of COL2IA1 mRNA in HNSCC tissues compared
to those in normal control tissues from the same patient.
However, when COL21A1 mRNA expression was compared
according to DFS, no significant differences were observed
(P=0.371; Fig. 3A). It is hypothesized that the downregulation
of COL2]AI mRNA is a necessary, but insufficient event in
the process of carcinogenesis.

However, COL22A1 mRNA expression was significantly
upregulated in HNSCC tissues compared with that in normal
tissues from the same patient. Collagen XXII is known
to act as a cell adhesion ligand for skin epithelial cells and
fibroblasts (9). Recently, single-nucleotide polymorphisms in
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the COL22A1 gene were found to be associated with serum
creatinine levels and may represent potential candidates for
further functional analysis (23). In this study, we observed
that the upregulation of COL22A] mRNA was associated
with a statistically significant decrease in DFS. However, the
results of the multivariate Cox proportional hazards regression
analysis indicated that the upregulation of COL22A1 mRNA
was not statistically significantly associated with DFS.

With regard to other types of cancer, a number of studies
compared COL23A1 expression between malignant and normal
tissues. Those studies reported that COL23A1 is upregulated
in prostate and non-small-cell lung cancer (10,11,24). In pros-
tate cancer, an increased collagen XXIII level was found to be
a significant independent predictor of disease recurrence (10),
whereas, in non-small-cell lung cancer, collagen XXIII was
found to be expressed in ~80% of patient tissues and urine
samples and was correlated with a shorter recurrence-free
survival (11). In our study, COL23A1 mRNA expression was
not detected in the majority of HNSCC patients, which may
be explained by the differences in cell origin and molecular
pathogenesis between different types of cancer.

Our data demonstrated that the expression level of
COL24A1 mRNA was higher in patients with a T1-T2 tumors,
compared to that in patients with T3-T4 tumors. Additionally,
we observed that high levels of COL24A1 mRNA was
predictive of patient DFS, suggesting that this gene may be
specifically associated with recurrence and distant metastasis.
The results of the multivariate logistic regression analyses
demonstrated that a high expression of the COL24A1 gene was
associated with a significant OR for recurrence. Patients with
high expression levels of COL22A1 and COL24A1 exhibited a
significantly higher OR for recurrence compared to those with
a low expression of this gene pair.

Although the examination of tissue biomarkers may initially
assist with HNSCC diagnosis and guide treatment decisions,
non-invasive procedures are essential for screening and post-
treatment monitoring. Body fluids may carry whole cells, as well
as protein, DNA and RNA species that allow for the detection
of cell alterations associated with cancer. As with all screening
and detection modalities, an optimum combination of genes
for gPCR-based HNSCC detection in salivary rinses or urine
samples requires further validation in an independent cohort.

In conclusion, we demonstrated that the COL22A1 and
COL24A1 mRNA expression profiles may be valuable
biomarkers for the prognosis of HNSCC. Our findings may
be used to identify patients with high-risk HNSCC who
may benefit from adjuvant therapy and cautious observation
following resection of the primary tumor. Further analyses of
the collagen genes COL22A1 and COL24A1 may help eluci-
date their biological roles in head and neck carcinogenesis and
their value as biomarkers for the early detection and prognos-
tication of HNSCC.
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