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ABSTRACT

Objectives: Inactivation of pb53 and pl6 tumor
suppressor genes, and apoptosis which is crucia in
carcinogenesis have commonly been studied in oral
squamous cell carcinoma (OSCC). However, their
prognostic value has not yet been clearly established.

Methods:  This study was conducted in the Department
of Ora Pathology, Faculty of Dentistry, Gazi University,
Ankara, Turkey during the period 2002 to 2003 on
formalin-fixed paraffin embedded tissue specimens of 12
lip and 18 intraoral primary squamous cell carcinoma
cases. The expression of p53 and pl6 proteins were
studied by immunohistochemistry, and the apoptosis by
TdT-mediated dUTP-biotin nick end-labeling (TUNEL)
methods. The possible prognostic value of p53, pl6
expression and apoptotic index (Al) value in OSCC were
examined on the basis of their correlation with mode of
invasion (M) grading system.

Results:  Seven lip (58%) and 9 intraoral cancer (50%)
cases showed p53 positivity; where 5 lip (42%) and 15
intraoral cancer (83%) cases showed loss of pl6 protein.
P53 positive cases increased parallel to M| grade where
the Al value decreased. There was not any correlation
either between p16 expression and M| grade or Al value.
The mean Al value was found as 1,884. Apoptotic index
values were higher in invasive site of tumors, and it was
statistically significant in M| grade 2 OSCC cases.
Apoptotic index value of both central and invasive sites
were lowest in M| grade 4 cases.

Conclusion: The present findings revedled that p53
mutations alone, may play a role in pathogenesis of lip
cancers but not in intra OSCC. P16 may have a greater
role in the development of intra OSCC. P53 positivity
and low Al value may be a predictor of poor prognosisin
OSCcC.
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D espite the therapeutic and diagnostic progress
during the last decades, the prognosis of oral
squamous cell carcinoma (OSCC) remains poor.
Prognostic evaluation, and thus planning of
treatment of OSCC is mainly based on clinica
TNM (T-tumor size, N-regional lymph node

involvement, M-metastases) classification.!
However, there is still need an evaluation of other
cellular and molecular characteristics, which can
supplement TNM staging. In this study, the
histological malignancy grading system*2 and mode
of invasion grading system® have been used in an
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attempt to predict the clinical behavior of OSCC. In
these grading systems, features of the cells at the
invasive tumor margins are accepted to be of greater
importance for prognostic evaluation than other
parts of the tumor.4 Recent studies have suggested
that mode of invasion is one of the best grading
system for evaluating the invasive and metastatic
potentia of the tumor and has a prognostic value in
OSCC:3 By the use of novel molecular biologic
methods, some of the tumor suppressor genes and
oncogenes can be assessed and are proposed as
excellent candidates for biomarkers in oral
carcinogenesis® In studies of oral cancer with
specific  reference to p53 and pl6, it has been
reported that alterations affecting the p53 and pl6
tumor suppressor genes are the most common
genetic abnormality detected in human cancers,
including OSCC. The protein products of these
genes play a critical role in the regulation of cell
cycle checkpoints, and mutation of these sequences
permit the multiple aberration of the cells in the
process of OSCC development® The p53 tumor
suppressor gene is crucia in the cellular response to
a variety of injuries resulting in either cell cycle
arrest or apoptosis.” Loss of heterozygosity and
mutation at the p53 gene are frequent event in
OSCCs32 Gene mutations prolong the half life of
p53, facilitating its detection by
immunohistochemistry and by using this method the
p53 mutation has been reported in 34-100% of both
head-neck squamous cell carcinoma (HNSCC) and
OSCC.wo1 Another tumor suppressor gene pl6,
mapped on the chromosome 9p21 region, encodes
an inhibitor of the cyclin-dependent kinase 4/cyclin
D complex, which controls the cell cycle
progression in the G1/S border.2 Inactivation of
p16 is frequently found in HNSCC and OSCC and
is thought to be caused by severa different
mechanisms including homozygous deletion, DNA
methylation and point mutations.’31¢ Inactivation of
pl6 gene is evaluated by immunohistochemistry
which is proposed as an accurate method for
detection the loss of pl6 gene producti”® The
growth of malignant tumors is dependent on balance
between cell proliferation and cell death.” In recent
years, the role of program cell death, called
apoptosis, and its associated proteins have been
widely investigated in the pathogenesis of
OSCC.7192 Although the apoptotic index (Al) value
of a tumor has been shown to be of biological and
clinical relevance® the results of the studies are
still debatable.

In the present study, we evaluated the expression
of p53 and p16 proteins and examined the incidence
of apoptotic cellsin OSCC. The goal of the current
study was to investigate correlations among the
expression of p53, pl6 proteins, Al and mode of
invasion grading system, and to determine their
possible prognostic value as a biomarker.

Methods. Tissue specimens. The study was
conducted on formalin-fixed paraffin embedded
tissue specimens of 12 lip and 18 intraoral primary
squamous cell carcinoma cases, which were
obtained from the archives of the Department of
Pathology, Faculty of Medicine and Department of
Oral Pathology, Faculty of Dentistry, Gazi
University, Ankara, Turkey between the years 2002
and 2003. Tissue specimens were obtained from lips
(12 lesions), tongue (8), gingiva (4), retromolar
region (2), alveolar mucosa (1), buccal mucosa (1),
paate (1) and floor of the mouth (1). The tumors
were initially classified as well (n=21), moderate
(n=6) and poorly (n=3) differentiated. The mode of
tumor cell invasion (MI) was graded by the method
of Yamamoto et al® as follows: grade 1 (MI 1), a
well-defined borderline; grade 2 (M1 2), cordless,
marked borderline; grade 3 (M1 3), groups of cells,
no digtinct borderling; grade 4 (Ml 4), diffuse
invasion (4c, cordlike type; 4d, wide spread type).

I mmunohistochemical staining. Five-micrometer
thick sections of formalin fixed and paraffin
embedded biopsy samples were processed by the
avidin-biotin-peroxidase complex (ABC) method.
Deparaffinization and rehydration of the sections
were followed by the blocking of endogenous
peroxidase activity with incubating the sections in
3% H20:2 for 10 minutes. After rinsing with PBS,
the sections were treated in microwave by antigen
retrieval solution (Biogenex HKO087-5K, United
States of America [USA]) for 15 minutes and then
the dlides were left in cool at room temperature for
30 minutes. Non-specific binding was reduced with
protein blocking serum (Biogenex HK112-9K,
USA) for 20 minutes. Sections were incubated with
p53 primary mouse monoclona antibody (p53
mouse monoclonal antibody, Biogenex DO7, USA),
pl6 primary mouse monoclona antibody (pl6
mouse monoclonal antibody, Neomarker Ab-4,
USA) at room temperature for 120 minutes. After
rinsing thoroughly with PBS, the dides were
incubated with biotinlayed secondary antibody
(Multilink Biogenex HK340-9K) for 30 minutes.
The sections were washed with PBS; the slides were
incubated with label (Label Biogenex HK330-9K,
USA) for 30 minutes. The diaminobenzidine
tetrachloride (DAB, Lipshow Immunon, USA) was
used as a chromogen for visualization of the
antibody binding. Finally, the sections were counter
stained with hematoxylin, cleared and mounted.

Colon carcinoma and cervix carcinoma
specimens were used as positive control tissues for
p53 and pl6 immunohistochemical staining.

TdT-mediated dUTP-biotin nick end-labeling
(TUNEL). Apoptotic cells were detected by
TUNEL method with the Apop Tag Plus
Peroxidase in situ detection kit (Intergen, S7101,
Oxford, United Kingdom [UK]) following the
manufacturer’s instructions. Briefly,
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deparaffinization and rehydration of the sections
was followed by incubation with 20 ml/ml
proteinase K (Intergen, S7101, Oxford, UK) for 15
minutes at room temperature. The dides were
washed in 2 changes of distilled water in a coplin jar
for 2 minutes and incubated in 3% hydrogen
peroxide for 5 minutes at room temperature to block
endogenous peroxidase activity. After 2 rinsing
steps with phosphate buffer solution (PBS, Ph 7.4)
the dlides were covered with 75 ml of equilibration
buffer for at least 10 seconds at room temperature
and incubated with terminal
deoxynucleotidyl-transferase (TdT) at 37°C for one
hour. Working strength stop/wash buffer was
applied for 10 minutes at room temperature and then
the dlides were washed in 3 changes of PBS for one
minute and incubated with anti-digoxigenin
peroxidase conjugate for 30 minutes a room
temperature. Subsequently, the slides were rinsed 4
times in PBS and peroxidase substrate was applied
for 5 minutes at room temperature. The dides were
then transferred to double distilled water, washed 3
times and counterstained with 0.5% methyl green.
After 3 further washing steps using water, the slides
were immersed in 3 changes of 100% N-Butanal,
dehydrated in xylene and mounted with cover dlips.

Evaluation of sections and statistical
analyses. Immunohistochemical  dides were
examined for positive staining by light microscopy.
The immunoreactive cells were semiquantitatively
estimated. The sections were graded according to
the following scale: (-) means <5% of tumor cells
were positive, (+) means 5-20% of tumor cells were
positive, (++) means 20-50% of tumor cells were
positive and (+++) means >50% of tumor cells were
positive. The apoptotic cells were counted
according to a modification of method of Al
reported by King et a.2 Four fields a x 400
magnifications were counted (2 fields at invasion
area, 2 were central region: upper 1/2 of the space
between stratum basale of surface epithelium and
invasive border). An index of apoptotic staining was
calculated as the number of positive cells per 100
cellsin cancerous epithelium.

All data were grouped as cancer of lip and ord
cavity and the statistical analysis were performed
based on these groups. Chi-Square  tests,
Kruskall-Wallis test and Mann-Whitney U test were
used to analyze differencesin various data sets.

Results. A tota of 30 OSCC specimens (12 lip,
18 intraoral carcinoma) from 30 patients were
utilized in the study, with the results displayed in
Table 1 The age range of the 30 patients was from
30-80 years, with a median of 54.9 years. Made to
female ratio was 3:1. Invasion grading of the cases
were as follows: Ml 1 = 7 cases, MI 2 = 10 cases,
MI 3 = 6 cases, Ml 4 = 7 cases. Seven lip (58%)
and 9 intraoral carcinoma (50%) cases showed
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positive nuclear staining in neoplastic cells for p53.
In well-differentiated carcinoma cases, p53 protein
expression is detected in the cells that are located at
the basal and supra basal layer of the tumor islands
whereas all cells of tumor parenchyma had positive
staining in poorly differentiated carcinoma cases. At
the invasive margins of the tumor, cells of basal
layer in tumor islands showed single or double
layers of positive staining in 14 of 16
immunohistochemically p53 positive cases (Figure
1). The number of p53 positive cases increased
pardlel to the degree of mode of invasion.
However, a significant correlation was not found
between p53 expressions and mode of invasion
grading system. Table 2 shows the distribution of
p53 immunohistochemical staining according to
mode of invasion. The majority of the p53 positive
cases (11 of 16 cases) contained p53 positive cells at
frequency of more than 50%. No difference was
found between the degrees of MI based on the
frequency of p53 positive cells range (LR=2.421,
p=0.490). Five lip (42%) and 15 intraoral carcinoma
(83%) cases did not show any
immunohistochemical staining with p16, while 10
of 30 cases (33.3%) showed positive nuclear and
cytoplasmic staining with pl16 in neoplastic cells.
Most of the pl6 positive stained cases (6 of 10,
60%) were seen in well-differentiated carcinomas
with the frequency of pl6-positive cells ranging
from 5-60% maximum, and the most common
pattern of staining was as scattered or mosaic
pattern among tumor cells (Figure 2. The data
summarized in Table 2 indicates that the number of
pl6 negative cases were higher than pl6 positive
casesin Ml 1, Ml 2 and M1 3, whereas in Ml 4, p16
positive cases were higher. However, no significant
difference was observed between the positive and
negative pl6 cases according to mode of invasion
grading system (LR=3.655 p=0.301). Two lip
and 9 intraoral carcinoma cases showed both p53
and pl6 dterations while 3 lip and 6 intraoral
carcinoma cases did not show aterations in either
p53 or pl6. There is no any intraoral cancer case
that shows only p53 mutations whereas 5 of lip
cancers did. P16 gene product loss apart was
observed in 3 lip and 6 intraoral carcinoma subjects.

Apoptotic cells were detected by TUNEL method
as stained nuclei or nuclear fragments. Except one
case, apoptotic cells were visualized in al cases
enzymatically. The mean Al value was 1,884. As
shown in Table 3, in central sites the Al was lowest
in Ml 4 OSCC cases and there were significant
differences between both Ml 1 and M1 4, and M| 3
and MI 4 OSCC cases (p<0.05). At the invasion
site, the lowest apoptotic indices value was also
found at M1 4 OSCC cases, however no significant
correlation was found between the M1 degrees and
Al value. Apoptotic index values were higher at the
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Table 1 - Theresults of immunohistochemistry and TUNEL analysis of oral squamous cell carcinoma.

Case Age Gender Site Grade Ml Al P53 P16
1 63 Female Tongue Well 3 3.947 +++ -
2 35 Male Lip Modarate 4D 1.084 ++ +
3 50 Male Lip Well 2 1.780 - -
4 30 Male Lip Poor 1 14 - ++
5 80 Female Gingiva Poor 3 6.533 +++ -
6 58 Male Lip Well 4C 0.30 ++ ++
7 52 Male Lip Well 2 6.904 + +++
8 61 Male Lip Well 1 2.105 - -
9 70 Female Tongue Moderate 2 1.923 ++ -
10 66 Male Lip Well 3 0.833 - -
11 52 Male Tongue Well 1 1.428 + -
12 75 Male Lip Well 1 2.258 +++ -
13 43 Male Tongue Well 4D 0.705 +++ -
14 35 Male Gingiva Well 2 5.894 - -
15 50 Male Lip Well 3 1.166 +++ -
16 53 Male Gingiva Well 2 1.294 - +
17 45 Female Floor m. Modorate 2 0.461 - -
18 35 Male Lip Modorate 3 1.222 - +
19 64 Male Gingiva Modorate 2 25 - -
20 40 Female Tongue Well 1 1.428 - -
21 67 Female Alv.muc. Well 3 3214 +++ -
22 53 Male Lip Poor 4C 3.050 +++ +
23 54 Male Retromolar Well les - +++ -
24 60 Female Tongue Well 1 2.103 - ++
25 60 Female Bucc.muc Modorate 4D 1.684 - -
26 58 Male Paate Well 4C 0.615 - +
27 45 Male Lip Well 1 0.6 +++ +
28 62 Female Tongue Well 2 1521 +++ -
29 66 Female Tongue Well 2 175 +++ -
30 65 Male Retromolar Well 2 0.847 -

TUNEL - TdT-mediated dUTP-biotin nick end-labeling MI - mode of invasion degree, Al - apoptotic index, LN -
material, NA - not available, (-) means <5% of tumor cells were positive, (+) means 5-20% of tumor cells were positive, (++) means
20-50% of tumor cells were positive and (+++) means >50% of tumor cells were positive.

lymph node resection

.. ‘ -
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Figure 1 - Immunohistochemical reactivity for p53 in the invasive
margins (avidin-biotin-peroxidase complex x100).

Figure 2 - Immunohistochemical reactivity for pl6 in the invasive
margins (avidin-biotin-peroxidase complex x100)
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Table 2 - Thedistribution of p53 and p16 immunohistochemical staining according to M1 grading system.

MI P53 - P53+ P53 ++ P53 +++ P16- P16 + P16 ++ P16 +++

N=30 N=14 N=2 N=3 N=11 N=20 N=6 N=3 N=1
(46.7%) (6.6%) (10%) (36.7%) (66.7%) (20%) (10%) (3.3%)

MI 1 (n=7) 4 1 0 2 4 1 2 0

MI 2 (n=10) 6 1 1 2 8 1 0 1

MI 3 (n=6) 2 0 0 4 5 1 0 0

MI 4 (n=7) 2 0 2 3 3 3 1 0

MI - mode of invasion degree, (-) means <5% of tumor cells were positive, (+) means 5-20% of tumor cells were positive, (++) means
20-50% of tumor cells were positive and (+++) means >50% of tumor cells were positive.

Table 3 - Statistical results for apoptotic index by M1 grading and sites

Apoptotic index and measure M1 (n=7) M2 (n=10) M3 (n=6) M4 (n=7) KW Results
Central site
Mean 1.636 2.066 2.831 0.700
Standard deviation 0.583 4,000 2.078 0.817 x2=8.030
Median 1.818 0.871 2.250 0.312 p=0.045
Minimum 0.666 0.000 0.769 0.000
Maximum 2.307 13.333 5.806 2.068
Invasion site
Mean 2.810 3.417 2.839 1.372
Standard deviation 2.147 3.268 3.240 1.498 x2=4.635
Median 1.935 2.872 1.305 0.666 p=0.201
Minimum 1.000 0.750 0.000 0.000
Maximum 6.666 12.000 8.125 4.000
Total
Mean 1.167 2.488 2.822 1.062
Standard deviation 0.583 2.150 2.213 1.031 x2=4.816
Median 1.428 1.765 2.218 0.705 p=0.186
Minimum 0.600 0.461 0.833 0.000
Maximum 2.258 6.904 6.533 3.050
For central and invasion
* 18.0 225 15.0 17.0
p vaue 0.456 0.035 0.699 0.383

MI - mode of invasion degree, M1 - grade 1, M2 - grade 2, M3 - grade 3, M4 - grade 4, KW - Kruskall Wallis test
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Figure 3 - The TUNEL reaction in a) invasive site of ora
sguamous cell carcinoma (x 400) and b) in central site
of oral squamous cell carcinoma (x 200). TUNEL -
TdT-mediated dUTP-biotin nick end-labeling.

invasive sites of tumors compared to centra sites
(Figure 3a & 3b). However, significant difference
was only seenin Ml 2 OSCC cases (p<0.05).

Apoptotic index value in p53 positive cases was
higher than Al value of p53 negative cases. On the
other hand, lower Al values were observed in pl6
positive cases compared to pl6é negative cases
(Table 4). There was no correlation between either
Al and pl16 or Al and p53 expression. As shown in
Figure 4, highest mean Al values were detected in
both p53 and pl6 positive OSCC cases (2.387),
whereas the lowest values were found in p53
negative and pl6 positive cases (1.326). There was
no statistical significance between cancer of the lip
and oral cavity groups in any of the analyzed data
sets.

Discussion. The unpredictable clinical
behavior of oral cancer has led many investigators
to search for biological factors that may be used as a
" prognostic index".2 Indeed, it is unlikely that a
single parameter will ever be identified as the ideal

W

&

Apopinie |nra

Figure 4 - Relationship among apoptotic index, p53 and p16.

Table 4 - Statistical results for apoptotic index by p53 and pl6
immunohistochemical staining.

Apoptotic Mean Median SD Minimum Maximum
indices

p53 (-) 1.72 141 133 0.46 5.89
p53 (+) 240 1.08 2.04 0.00 6.90
pl6 (-) 2.09 1.69 167 0.00 6.53
p16 (+) 1.85 125 194 0.30 6.90

proghostic or predictive marker. Thus, the pursuit of
a panel of factors rather than a single one may be
more fruitful. In this study, 2 important cell cycle
proteins pl6 and p53, were studied in OSCC by
immunohistochemistry and apoptosis by TUNEL
method to evaluate them as biomarkers by their
correlation with a mode of invasion grading system.
Additionally their possible role in pathogenesis of
OSCC was considered and discussed. Alterationsin
p53 gene have commonly been found in head and
neck cancers, but their prognostic value has not yet
been clearly established* The proportion of p53
positive tumors (53.3%) found in the current study
was in the range reported in previous studies.”252
The p53 mutations alone were observed in 42% of
lip cancer while none of intraoral cancer showed
p53 positivity apart. This finding suggested that p53
mutations alone may have arole in lip cancers but
not in intraoral cancers.

In the present study, the patients with p53
positive tumors showed higher Al value than those
with p53 negative tumors, nevertheless the
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difference was not dtatistically significant. The
higher Al valuein p53 positive tumors in the current
study may be related to the fact that p53 is not
always required in triggering apoptosis. Many cells
have so called death receptors on their membrane
and binding of appropriate ligand such as Fas, will
lead to apoptosis through a pathway independent of
p53.Z Moreover, the induction of apoptosis or
growth arrest requires activation of distinct sets of
target genes® Recent studies have reported that
p53 mutations or p53 protein accumulation is
associated with a high rate of disease recurrence and
shorter overal survival 23t whereas other studies
have found no prognostic significance with regard
to overal survival 24232% |n the present study, no
significant correlation was found between p53
expresson and MI grade, which was used as
prognostic marker.  Nevertheless, the number of
p53 positive cases increased parallel to M| grade,
where Al value decreased. This data is in
concurrence with the knowledge that p53 positivity
is a predictor of poor proghosis in OSCC, and
tumors with intact p53 are more susceptible to
apoptosis.  Alteration in pl6é gene has been
frequently found in many human cancers including
head and neck SCC.216373 Reported loss of pl6
expression determined by immunohistochemical
analysis has ranged from 54%% to 82%* and these
aterations were associated with decreased
survival.® In the present study, 20 of 30 cases
(66.7%) showed loss of pl6 expression. This ratio
was higher than that of p53 positive cases (16/30;
53.3%). In the same way, the number of pl6
negative cases (20/30; 66%) and a number of other
cases that showed dterations in both proteins
(11/30; 36%) were much higher than that of other
studies. Of interest, 83% of intraoral cancers
showed lack of p16 gene product, which suggested a
possible role for this gene in pathogenesis of
intraoral cancers rather than lip cancers. Kannan et
al, ¥ Saito et a2 and Warnakulasuriya et al,r” who
studied both p53 and p16 in OSCC, have found
more frequent mutations in p53 than pl16. For p53
they reported the mutational ratio as 21%, 50%,
41% and for p16, 9%, 11% and 25%.

Many investigators including Kannan et al¥
found a reciprocal relationship of p53 and pl6
mutations. They found only one sample, which has
mutations at both genes and they concluded that the
reciprocal relation in mutations of these genes
supports the view that these genes may share a
common genetic pathway in their tumor suppressor
activity. Kannan et al¥ and Saito et a,*2 who have
found infrequent mutations in p16 in OSCC, have
concluded that mutational inactivation of pl6 may
not play a major role in the genesis of OSCC. On
the contrary, the results of the present study
reveadled that pl6 might have a role in the
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development of intra oral SCC. Moreover, contrary
to previous studies, our results did not show any
inverse relation between p53 and pl6 inactivation
immunohistochemically. This finding arouses
suspicion of the view that these genes may share a
common genetic pathway in their tumor suppressor
activity. Over expression of p16 has been observed
by immunohistochemical analysis in SCC of the
cervix® and tonsillar carcinoma* which were
associated with HPV. These observations were in
line with the hypothesis that viral oncoprotein E7
blocks the Rb protein, which would otherwise
inhibit p16 transcription. The lack of p16 in 66.7%
of OSCC in this study from Turkey, may be
elucidated by lack of HPV in the genesis of OSCC
and this suggestion is in line with our unpublished
manuscript’s data, where we have found rather low
HPV incidence in 40 OSCC cases by polymerase
chain reaction technique. Significant correlation was
found neither between p16 expression and M1 grade
nor Al value. Also, there was not any correlation
between p16 and histological grading system, which
suggested that pl6, may not be worthy as a
prognostic biomarker. However, the role of pl6 has
to be taken into consideration in the devel opment of
OSCC.

In many studies, the Al value of tumors has been
shown to be of biological and clinical relevance. In
oral (45), breast (46), bladder (21), rena cell (47),
ovarian (48), prostatic (49), cervica (50) and
hepatocellular (51) carcinomas a higher Al value
has been proven to be in relevance with prognosisin
different ways. Nevertheless, in other studies low
Al vaue has been shown as a predictive factor of
poor prognosis.”®2 In the present study, Al value of
both central and invasive sites was lowest in Ml 4
OSCC. Although no significant correlation was
found between Al values of MI degrees in invasive
sites, there was significant differences between the
Al vaues of Ml 1- Ml 4 and MI 3 - MI 4 OSCC
cases (p<0.05) in central sites. This data supports
the studies, which interpreted that low Al valueis a
predictive factor of poor prognosis. On the other
hand, the higher Al value in invasive site of tumors
compared to central sites, might indicate that the
cells, which have more invasion potential, may have
also acquired greater number of genetic aberrations,
which trigger apoptosis. In that case, Al value might
not be accepted as an independent factor to
elucidate the biological and clinical behavior of a
cancer. Indeed these contradictory findings are in
accordance with the complexity of tumor
heterogeneity and progression.

In conclusion, p53 mutations alone, may play role
in pathogenesis of lip cancer, but not in intra
OSCC. P16 may have a greater role in the
development of intra OSCC. P53 positivity and low
Al value may be a predictor of poor prognosis in
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OSCC that needs to be investigated further and in
addition may prove to be a promising future study.
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