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Fig. 4, Effect of miR inhibitors on ATC cell growth. (a,b) Time course curves. The indicated cells were transfected with indicated miR inhibitors
(40 pmoliwell) as described in *‘Materials and Methods'. The number of cells was counted at indicated times after initial transfection, *P < 0,0001
versus reagent only, LNA-18a and LNA-21. **P < 0.0001 versus reagent only and LNA-21. (¢) Dose-dependent curve. ARO cells were transfected
with Indicated dose of miR inhibitors (0-40 pmol/well) as described In 'Materials and Methods'. The number of cells was counted at 72 h after
transfection (24 h after second transfection). *P < 0.01 versus LNA-18a, LNA-19a, and LNA-21. **P < 0.0001 versus LNA-21a. ***P < 0,0001 versus
LNA-18a and LNA-21. (a-c) Each point indicates the mean and 5D of three wells. Similar results were obtained in three independent experiments
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Fig. 7. Effects of miR inhibitors on target protein expression, ARO cells
were transfected with indicated miR inhibitors (400 pmol in 6-cm
culture dish). Cells were harvested 96 h after transfection, and Western
biot anlaysis was performed using indicated primary antibodies. p-actin
was used as a loading control. Similar results were obtained at least
two independent experiments.

differences. Our results suggest that at least in some of ATC
cases, the miR-17-92 cluster play a role. However, the mecha-
nism of regulating the cluster in each case remains to be
explored.

Inhibition of miR-17-3p caused apoptosis with caspase acti-
vation. Interestingly, the massive caspase activation was not
observed in cells transfected with any other miR inhibitors.
MiR-17-3p clearly has a distinct function from other members

Takakurs er al

of the cluster. To our knowledge, however, there is no report
regarding the target mRNA of miR-17-3p. Further studies are
required to clarify the function of miR-17-3p in ATC.

Although LNA-17-5p and LNA-19a induced relatively strong
growth reduction, only LNA-17-5p caused some degree of cel-
lular senescence in ARO cells. Lazzerini Denchi et al. have pro-
posed that the model in which sustained E2F activity induces
cellular senescence, whereas temporal E2F activation evokes
cell proliferation.”” Because MYC is overexpressed in ARO
cells compared to PT,"” inhibition of miR-17-5p and miR-20a
by LNA-17-Sp might cause prolonged E2F1 activation which
results in cellular senescence. However, further investigation is
required to clarify the detailed mechanism.

One of predicted targets for miR-19a and miR-19b is twmor
suppressor PTEN.®" As expected, definite up-regulation of
PTEN was observed in ARO cells transfected with LNA-19a,
suggesting that one of targets of miR-19a and miR-19b is
PTEN. Germline mutations of PTEN are found in patients with
Cowden syndrome, which predisposes to breast and thyroid
neoplasia, Recent evidence suggests that reduced expression of
PTEN plays a crucial role in thyroid cancer™9 Moreover,
Frisk ef al, have reported that PTEN inactivation is involved in
highly malignant or late-stage thyroid cancer, especially the
anaplastic subtype.”® Our results suggest that overexpression of
miR-19a and miR-19b might be associated with translational
suppression of PTEN and induce cell growth in ATC.

We also found overexpression of miR-106a and miR-106b,
and LNA-17-5p inhibited the expression of these homologous
miRNAs. Since one of the predicted targets of these miRNAs is
also E2F1,%" their suppression might result in cellular senescence
by the above-mentioned mechanism. Moreover, we demonstrated
that the tumor suppressor RB]1 was markedly up-regulated by
LNA-17-5p. This is consistent with the report suggesting a post-
transcriptional regulation of RBI by miR-106a overexpression
in colon cancer.®” Therefore, up-regulation of RB1 by LNA-17-
Sp might result in a negative action in ATC proliferation.

When one or two of five miRNAs (miR-17-3p, miR-17-5p, miR-
19a, miR-19b, and miR-20a) were inhibited, the cell growth was
significantly reduced in ATC cells. On the other hand, suppres-
sion of miR-18a only moderately reduced cell growth. There is
a possibility that this slight growth reduction was due to the
weak binding of LNA-18a to miR-17-5p or miR-20a. Although
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the expression of miR-17-5p and miR-20a was not changed
after transfection with LNA-18a in the Northern blot analysis
performed under denaturing conditions, LNA-18a may weakly
bind to miR-17-5p or miR-20a physiologically and inhibit their
function in actual live cells,

Hayashita et al. have reported that the miR-17-92 cluster
was overexpressed in the most aggressive form of lung cancer,
small-cell cancer and might play a role in its development.''®
Very recently, Matsubara eral. have also demonstrated that
inhibition of miR-17-5p and miR-20a caused apoptosis in lung
cancer cells, whereas miR-18a and miR-19a did not show
significant change in cell growth™ The function of each
miRNA in the cluster seems 1o be dependent on type of cells, In
ATC cells, down-regulation of PTEN might be more important
for cell growth as mentioned above.

In PTC, two groups have concordantly reported that miR-221
and miR-222 are pressed and modulate KIT expression, !9
However, in our microarray data, the expression of those miR-
NAs in ARO cells was underexpressed. ARO cells harbor the
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Epiﬂurmlrzllsmﬂnﬂmnl!siobe posed to i tal

gents such as ultraviolet and ionizi fiations, which
Indm:n DMNA double strand breaks (D5B) and u‘tivah DNA damage
response (DDR) to maintain genomic integrity. Defective DDR can
result in genomic instability (GIN) which is considered to be a
aspect of any carcinogenic process. P53-binding protein 1 (S3BP1)
belongs to a family of evolutionarily conserved DDR proteins.
Because 53BP1 molecules localize at the sites of DSB and rapidly
form nuclear foci, the presence of 53BP1 nuclear fod can be
considered as a cytological marker for endoqmom DS! reflecti
GIN. The levels of GIN were I by | ence
studies of 53BP1 in 56 skin tumors that included ltl uborrhek
keratosis, eight actinic k i B

nine 'S
squamous cell carcinoma, and 10 basal cell carcinoma. This sludy
demonstrated a number of nuclear 53BP1 foci in human skin
tumorigenesis, suggesting a constitutive activation of DDR in skin
cancer cells. B actinic keratosis sh d a high DDR type of
53BP1 immunoreactivity, GIN seems to be induced at the precancerous
stage. Furthermore, invasive cancers exhibited a high level of
intense, abnormal 538P1 nudlear staining with nuclear accumulation
of p53, suggesting a disruption of DDR leading to a high level of
GIN in cancer cells. The results of this study suggest that GIN has a
crucial role in the prog ofsltinur-‘ 9 is. The detection
ofs:-tlll"lup..‘.by’ ence can be a useful
ical to the malignant potential of human
skin tumors. (Cancer Sci 2008; 99: 946-551)

The skin is the primary barrier for humans against the external
environment. Therefore, epidermal cells are the first cells to
be exposed to physical and chemical genotoxic agents such as
UV and IR. IR effectively induces DSB in normal cells and
activates DDR pathways to maintain genomit integrity. DDR
genes, such as p35, are frequently mutated in human cancer.
Thus, defective DDR can result in GIN which is gcnerall{
considered to be a central aspect of any carcinogenic process.''
It has been shown that gamma irradiation induced skin tumors in
mice. Most of the tumor-bearing mice showed a loss of the wild-
type p53 allele. Since no skin fumor was found in wild-type pS3 mice,
this suggested a requirement of p53 loss in irradiation-induced
skin carcinogenesis.” The incidence of skin cancer was reported
to be elevated in atomic bomb survivors, which also suggested
a radiation etiology in human skin carcinogenesis.'!

53BP1 belongs to a family of evolutionarily conserved DDR
proteins with C-terminal BRCT (BRCA| C-terminus) domains."*#
The 53BP1 is a nuclear protein that rapidly localizes at the sites
of DSB, and co-operatively activates p53 with other kinases.”'?
Subsequently, activated p53 plays a critical role in cellular responses
to genomic injury, such as cell cycle arrest, DNA repair, and
apoptosis.'*'* It has been well documented in vitro with
immunofluorescence that S3BP1 exhibits diffuse nuclear staining

CancerSc | May2008 | vol 99 | no 5 | 946-951

in i primary cells. However, after exposure to IR, 53BP1
localizes at the sites of DSB and forms discrete nuclear foci,™*'*'%
We have recently demonstrated that immunofluorescence analysis
for S3BP1 specifically detected the 53BP1 nuclear foci at the sites
of DSB induced by IR in formalin-fixed paraffin-embedded
mouse intestine.!'” Because one manifestation of GIN is the
induction of endogenous DSB,"" the level of 53BPI-focus
formation can be considered as a cytological marker for GIN.

Human cancers develop through a multistep process that
involves the accumulation of genetic mutations.""™ It is well
established that any DNA damages can lead to GIN and sub-
sequently induce DDR. Thus, measurement of GIN, a hallmark
feature of solid tumors that is implicated in both initiation
and progression of cancers, may serve as a valuable molecular
marker of malignant potential. Our recent study of thyroid
tumors from patients demonstrated a few nuclear 53BP1 foci in
follicular adenoma but conspicuously more nuclear S3BP1 foci
in thyroid cancers. This suggested a constitutive activation of DDR
in thyroid tumars and increased GIN with progression of cancer."”
Furthermore, anaplastic thyroid cancers prominently exhibited an
abnormal and intense nuclear staining of 53BP1, which was also
observed in mouse colonic crypts as a delayed response to a lethally
high dose of IR, suggesting increased GIN with progression to high-
grade cancer.!'” Thus, we propose that immunofluorescence analysis
of 53BP1 expression can be a useful tool to estimate the level of
GIN and, simultaneously, the malignant potential of human thyroid
tumors, The present study analyzed the presence of GIN by
immunofl ence of S3IBP1 expression in a series of skin
tissues from patients to evaluate the significance of GIN during
skin carcinogenesis. Similar to thyroid tumorigenesis, GIN was
shown to be induced in skin cells at a precancerous stage and
increased significantly with progression to cancer.

Materials and Methods

Skin tumor tissues. A total of 56 archival skin tissue samples,
which were obtained from surgically excised specimens, were
selected for this study from the archives of our department
(Table 1). Histologically, the 56 primary skin tumors comprised

*To whom all should be E-mail: i-uacip

Abbreviations. UV, ultraviolet; IR, lnﬂulng udlltlonl. D58, DNA double strand
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Table 1. Summary of subjects used in this study
Mean age Site (nonexposed/

Histological type (l'ange? M/F sun-expesed)
Normal epidermis

non-exposed 14 6&0B(31-80) 113 140

sun-exposed 8 799 (66-88) 3/5 w8
Seborrheic keratosis

non-exposed 10 65.6 (58-90) 10/0 10/0

sun-exposed 10 779 (53-91) 37 010
Actinic keratosis 8 795 (66-91) ETE] o8
Bowen's disease 9 765(66-88) U6 118
Squamous cell carcinoma 9 823 (74-96) 3% ]
Basal cell carcinoma 10 733(53-89) 55 n

the following: 20 SK arising from 10 sun-exposed (including
seven faces and three necks) and 10 non-exposed sites (including
four abdomens, three chests, two axillae, and one back); eight
AK; nine BD; nine SCC; and 10 BCC. All samples were
formalin-fixed paraffin-embedded tissues, from which sections
were prepared for immunofluorescence studies. For normal
controls, 14 samples of non-exposed (including five abdomens,
five backs, two ramps, one chest, and one axilla) and eight
samples of sun-exposed (including five faces, one neck, one
hand, and one leg) normal epidermal cells surrounding tumor
seclions were evaluated.

Immunofluorescence. After antigen retrieval with microwave
treatment in citrate buffer, deparaffinized sections were
preincubated with 10% normal goat serum. Tissue sections were
then reacted with anti-53BP1 rabbit polyclonal antibody (Bethyl
Laboratories, Montgomery, TX, USA) at a 1:200 dilution.
The slides were subsequently incubated with Alexa Fluor 488-
conjugated goat anti-rabbit antibody (Invitrogen, Carlsbad, CA,
USA). Specimens were counterstained with DAPI-I (Vysis,
Downers Grove, IL, USA), and were visualized and photographed
using a fluorescence microscope (Zeiss Axioplan2; Carl Zeiss Japan,
Tokyo, Japan) equipped with a charge coupled device (CCD)
camera, and then analyzed with IPLab/MAC image software
(Scanalytics, Fairfax, VA, USA). Signals were analyzed in 10
viewing areas per case at a 1000-fold magnification.

Evaluation of immunofluorescence results. As described in our
previous report,!'” the pattern of 53BP1 immunoreactivity was
classified into four types: (1) stable type: faint and diffuse
nuclear staining; (2) low DDR type: one or two discrete nuclear
foci; (3) high DDR type: three or more discrete nuclear foci; and
(4) abnormal type: intense heterogeneous nuclear staining,

occasionally, with several small foci. The percentage of

epidermal or wmor cells expressing each type of 53BPI
immunoreactivity in each viewing area was graded into the
following four groups: (1) negative: 0 to less than 5%; (2) low:
5% to less than 30%; (3) medium: 30% to 60%; and (4) high:

Fig. 1. Immunofiuorescence of p53-binding protein
1 (53BP1) expression in the normal epidermis
surrounding tumor sections. (a) The non-exposed
epidermis showed a stable type staining and rarely
one nuclear focus. (b) Sun-exposed epidermis
occasionally showed one discrete 538P1 nuclear
focus at the basal layer.

Naruke f al

more than 60%. The type of S3BP1 expression pattern in each
case was determined by the predominant expression pattem.

Statistical analysis. The Mann—Whitney test was used 1o assess
differences in the type of 53BP| expression between non-exposed
and exposed epidermal cells. Spearman’s correlation coefficient
by rank test was used to assess correlation between histological
type of skin tumors and type of 53BP1 expression. A P-value of
less than 0.05 was considered statistically significant

Double-labeled immunofiuorescence. To assess the colocalization
of 53BP1-foci formation and p53 expression, double-labeled
immunofluorescence was performed. We also carried out a double-
labeled immunofluorescence of 53BP1 and Ki-67 expression lo
clarify the association of type of 53BP1 expression and cycling
tumor cells. In double staining, tissues were incubated with a mixture
of rabbit anti-53BP1 antibody and mouse anti-p53 monoclonal
antibody (DOT7, Dako, Glostrup, Denmark) at a 1:200 dilution
or mouse anti-Ki-67 monoclonal antibody (MIB-1; Dako) at a
1:50 dilution, and subsequently incubated with a mixture of Alexa
Fluor 488-conjugated goat anti-rabbit antibody and Alexa
Fluor 546-conjugated goat anti-mouse antibody. Specimens were
counterstained with DAPI-I (Vysis), and were visualized and
photographed using a fluorescence microscope (Zeiss Axioplan2)
cquippcd with a CCD camera, and then analyzed with [PLab/
MAC image software (Scanalytics), Signals were analyzed at a
1000-fold magnification.

Results

53BP1 expression in normal epidermis surrounding tumors. Of the
14 controls consisting of nonexposed normal epidermis, 13
cases (92.9%) expressed only stable type cells (Fig. 1a), while
one case (7.1%) showed siable type keratinocytes but also
included a small number (up to 10%) of low DDR type in the basal
layer. Of the other eight controls consisting of sun-exposed
normal epidermis, two cases (20%) expressed only stable type
cells, while five cases (62.5%) showed stable type in more than
70% of keratinocyles but also had up to 30% of low DDR type
{Fig. 1b) in the basal layer. One other case (12.5%) also showed
stable type in more than 70% of keratinocytes, but included up
to 30% of high DDR type in the basal layer.

53BP1 expression in skin tumors. The results of the immuno-
fluorescence of staining patterns for S3BP1 in each histological
type of skin tumors are presented in Table 2. Similar to the pattern
observed for normal epidermal cells, all 10 of the non-exposed
SK cases expressed only the stable type (Fig. 2a). Of the 10
sun-exposed SK cases, four (40%) expressed only the stable
type, while six (60%) showed stable type in more than 70% of
tumor cells, but also up to 30% of low DDR type (Fig.2b)
mainly in the basal layer.

In contrast to the normal epidermis and SK, of the eight AK
cases, four cases (50%) and three cases (37.5%) showed high
DDR (Fig. 2c) and low DDR types, respectively, in dysplastic
cells, while only one case (12.5%) expressed the stable type.
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Table 2. Results for type of p53-binding protein 1 (538P1) expression in skin tumors by immunofiuorescence
Mixed DDR
n Stable Low DDR High DDR SRR e Abnormal
Epidermis
non-exposed 14 13 (92.9%) 1(7.1%) 0 1] 0
sun-exposed 8 2 (25.0%) 5 (62.5%) 1{12.5%) ] 0
SK
non-exposed 10 10 0 0 0 0
sun-exposed 10 4 (40.0%) 6 (60.0%) L] ] (1]
AKX a 1(125%) 3 (37.5%) 4 (50.0%) 0 Li]
BD 9 1011.1%) 2 (22.2%) 4 (44.4%) 2 {(222%) Li]
sCC 9 0 0 0 4 (44.4%) 5 (55.6%)
BCC 10 0 o 0 1 (10.0%) 9 (90.0%)

DOR, DNA damage response; 5K, seborrheic keratosis; AK, actinic keratosis; 8D, Bowen's disease; SCC, squamous cell carcinoma; BCC, basal cell carcinoma.

In the nine BD cases, two cases (22.2%) showed low DDR type,
four cases (44.4%) were of high DDR type, and two cases
(22.2%) were of mixed high DDR and abnormal type (Fig. 2d),
while only one case (11.1%) expressed the stable type. Of the
nine SCC cases, four (44.4%) were of mixed low DDR and
abnormal type and five (55.6%) were of the abnormal type
(Fig. 2e). Finally, of the 10 BCC cases, one case (10%) was of
mixed low DDR and abnormal type, and nine cases (90%) were
of the abnormal type (Fig. 2f).

The Mann—Whitney test revealed that DDR expression of
53BP1 was significantly higher in the sun-exposed epidermis
than in the non-exposed epidermis (P = 0.001). Furthermore,
Spearman’s analysis revealed that the histological type of skin
tumors was significantly correlated with type of 53BP1 expres-
sion (P < 0.001).

Double-labeled immunofiuorescence of 53BP1 and p53 expressions
(Fig. 3)/Ki-67 expressions (Fig. 4). The normal epidermis and SK
expressed the stable or a low DDR type of 53BP1 immunoreactivity
and only a few Ki-67 nuclear stainings at the basal layer but no
p33 nuclear staining. Discrete nuclear foci in a high DDR type
of 53BP1 immunoreactivity were observed and were colocalized
to dysplastic cells exhibiting p53 nuclear staining at the basal
layer in AK. In BD, p53 nuclear staining was sparsely found in
cancer cells which were distributed throughout the epidermal
layer, and discrete nuclear foci of high DDR type of 53BPI1
immunostaining were colocalized to p53-positive cancer

Fig. 2. Immunofiuorescence of p53-binding
protein 1 (538P1) expression in human skin tumaors.
(a) Seborrheic keratosis (SK) in the non-exposed
skin expressed stable type staining with rarely one
nuclear focus (stable type), (b) whereas SK in the
sun-exposed skin expressed an occasional one or
two nuclear foci {low DNA damage response (DRR)
type). (c) Actinic keratosis showed three or more
discrete nuclear focl In dysplastic celis (high DRR
type). (d) Bowen's disease showed several discrete
nuclear foc mixed with intense and heterogeneous
nuclear staining (mixed DRR and abnormal type).
() Squamous cell carcinoma as well as (f) basal cell
carcinoma exhibited Intense and heterogeneous
nuclear staining (abnormal type)

cells. In 8CC and BCC, high levels of abnormal type of 53BP1
and strong p53 immunoreactivity were observed in nuclei of
cancer cells, and cells expressing the abnormal type of 53BPI
immunoreactivity were randomly distributed in lesions. Intense
S3BPI staining was not always colocalized with p53 overexpression
in cancer cells. Furthermore, double staining of 53BP1 and Ki-67
demonstrated that discrete nuclear foci of 53BP1 immunostaining
were not colocalized to Ki-67-positive dysplastic/cancer cells in
AK/BD; whereas abnormal type of 53BP1 staining frequently
expressed Ki-67 nuclear staining.

Discussion

Development of SCC of the skin is viewed as a multistep
process, while BCCs are believed to develop de novo." In
skin carcinogenesis, AK is a well established precancerous skin
lesion and it has been suggested that ~10% of these sun-induced
lesions will develop into SCC.?" BD, also known as CIS,
represents @ preinvasive stage of SCC. The present study
demonstrated apparent differences in 53BP1 staining pattemns
during human skin tumorigenesis, as in the following: SK/
benign tumor, AK/precancerous lesion, BD/CIS, and SCC or
BCC/invasive cancer. The number of discrete immunoreactive
nuclear foci in DDR type of 53BPI1 in the epidermis seems to
increase in precancerous lesions. Furthermore, the abnormal
type of 53BP1 immunoreactivity was restricted to malignancies

doi: 10.11114.1349-7006.2008. 00786
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Fig. 3. Double-labeled immunofiuorescence for
p33-binding protein 1 (538P1) and p53 expression
Actinic keratosis (AK) showed colocalization of
discrete 538P1 nuclear foci and p53 nuclear staining
in dysplastic cells at the basal layer, suggesting an
activation of DNA damage response (DDR). Bowen's
disease (BD) also showed colocalization of discrete
538P1 nuclear foci and p53 nuclear staining in
dysplastic cells Including dispersed plump cells
Squamous cell carcinoma (SCC) exhibited intense
and heterogeneous nuclear staining of both 538P1
and p53 immunoreactivity; however, intense 5381
staining was not always colocalized with p53 over-
expression, suggesting a disruption of the DDR
pathway. Arrows indicate colocalization of S38P1
nuclear foci and p53 staining in both AK and BD
Open arrows Indicate cancer cells showing intense
53BP1 staining with no p53 staining in 5CC

SCC

Fig. 4. Double-labeled immunofluorescence for
p33-binding protein 1 (53BP1) and Ki-67 expression.
Actinic keratosis (AK) showed no colocalization
of discrete 538P1 nuclear focl and Ki-67 nudear
staining at the basal layer. Bowen's disease (BD) also
showed independent discrete 538P1 nuclear fodl
from Ki-67 nuclear staining in cancer cells. Squamous
cell carcinoma (SCC) occasionally exhibited intense
and heterogeneous nuclear staining of both 538P1
and Ki-67 immunoreactivity, suggesting a proliferating
ability through a disruption of the DDR pathway.
Open arrows indicate cells showing 53BP1 nudear
foci with no Ki-67 staining in both AK and BD,
Arrows Indicate colocalization of intense 538P1
staining and Ki-67 staining in 5CC.

SCC

including both CIS and invasive cancers. Similar results, which
showed the differences in 53BP1 expression patterns during
carcinogenesis, were also obtained in our recent study on
thyroid tumors resected from patients,""”™ Therefore, we submit
that immunofluorescence analysis of 53BP1 expression can be a
useful tool to estimale the level of GIN and, simultaneously,
the malignant potential of human tumors such as skin and
thyroid tumors.

Interestingly, the low DDR type of 53BP1 immunoreactivity
was very rare in the non-exposed epidermis but frequently found
in sun-exposed skin. Similarly, sun-exposed SK/benign skin
tumors also frequently showed a low DDR type of 53BPI
immunoreactivity, bul none of the nonexposed SK cases
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expressed the DDR type of 53BP1 immunoreactivity. Because
the skin s the primary barrier for humans against the external
environment, sun-exposed epidermis is continuously exposed to
a low level of physical and chemical genotoxic agents such as
UV and IR. Thus, a low DDR type of 53BP| immunoreactivity
in the sun-exposed epidermis may represent a minor genotoxic
injury induced by external environmental factors.

P53 is activated by DDR-associated molecules, and is essential
to control GIN and to suppress tumorigenesis.®® The p53
mutation is the most prominent aberration in skin cancers, and
it is now established that ~-50% of all skin cancers show p53
mutations.™ Double-labeled immunofluorescence was carried
out to evaluate the association between the type of 53BPI
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expression and p53 nuclear staining. In this study, although no
p53 staining was observed in the epidermis and SK even at the
sun-exposed sites which showed a low DDR type of 53BP1
immunoreactivity, AK showed both pS3 nuclear staining and a
high DDR type of 53BP1 immunoreactivity in dysplastic cells
at the basal layer in the epidermis. The colocalization of p53
nuclear staining and 53 BP 1 nuclear foci was also observed in BD.
P53 mutations have been found in precanceous epidermis, 2%
and can be detected by immunohistochemistry. Indeed, 70% of
immunohistochemical detections were shown to have an
underlying mutation in the p53 gene.”*” Because of the loss of
p53 function based on gene mutation, environmental genofoxic
agents may easily induce DSB in precancerous lesion/CIS in
skin. Alternatively, because this study also demonstrated no
colocalization of DDR type 53BPI expression and Ki-67
nuclear staining as a marker for cycling cells in AK and BD,
activated DDR induced by genotoxic factors may activate p53
function to induce cell-cycle arrest in injured cells. Furthermore,
a high level of the abnormal type of 53BP1 immunoreactivity
was restricted to invasive cancer and was significantly associated
with p53 overexpression reflecting mutation. However, cancer
cells exhibiting an abnormal type of 53BP1 staining were colo-
calized with Ki-67 staining but not always colocalized with p53
staining, Thus, cancer cells expressing strong p53 immunoreac-
tivity were cycling cells, suggesting a loss of p53 function and
a disruption of the DDR pathway; whereas AK and BD cells
exhibiting both 53BP1 nuclear foci and weak p53 staining were
non-cycling cells, suggesting a p33 function through the activated
DDR pathway. Taken together, these findings may indicate that
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GIN may have already occurred at the precancerous stage
during skin tumorigenesis, and that a loss of control of GIN
based on p53 mutations may allow further accumulation of
other genomic alterations to progress to invasive cancer through
acceleration of cell proliferating.

In summary, this study d ated a of nuclear
53BP1 foci in skin tumors resected from patients, which were
similar to those found in irradiated cells, suggesting a constitu-
tive activation of DDR in skin cancer cells, Because AK showed
a high DDR type of 53BP1 immunoreactivity which colocalized
with p53 nuclear staining as well as BD, GIN seems to be induced
al the precancerous stage. Furthermore, invasive cancers exhibited
the abnormal type of 53BP1 immunoreactivity with an underly-
ing mutation in the p53 gene and an increased proliferation,
suggesting disrupted DDR subsequently leading a high level of
GIN in cancer cells. This study proposed that GIN has a crucial
role in the progression of skin carcinogenesis. Immunofluores-
cence analysis of S3BP1 expression of various tumor lissues
should be performed to clarify the significance of S3BP1 staining
pattern as a common histological marker to estimate the malignant
potential of human tumors.
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Short Communication
Association between C677T/MTHEFR genotype and
homocysteine concentration in a Kazakh population
Ainur Akilzhanova MD PhD', Noboru Takamura MD Phn’, Yosuke Kusano MD PhD’,
Ludmila Karazhanova MD PhD', Shunichi Yamashita MD PhD’, Hiroshi Saito MD PhD’
and Kiyoshi Aoyagi MD PhD’

'Deparrmenl of Therapy Ne2, Semipalatinsk State Medical Academy, Semipalatinsk, ndpubhc of Kazakhstan
?Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan and 'Nagasaki Wesleyan
University, Nagasaki, Japan

We recently suggested that due to insufficient intake of vegetables, low folate strus and mild homocysteinemia

might exist in the Kazakh population. Ta clanfy the d i of h jons among this

population, we determined concentrations of serum folate, albumin, ctu\:nme. vitamin By, and the C677T/

MTHFR genotype in 110 Kazakh individuals and comparcd thesc with plasma total hamcymn: In Kazakh,

after adjustment for age and sex, folate was correlsted with plasma total b

anwmmnwwnhnonmumhummmmuuccm CTgmlypuuvT:ia

m].u"L vs. ID 740.5  mol/L, p<0.001). Our results suggest that the C5677T/MTHFR genotype is associated with

ions in this population and this association might be affected by other factors, such as

folate status.
Key Words: folate, homocysteine, Kazakh, 5,10-methyl hydrofe red
INTRODUCTION Recently, we showed that folate deficiency might exist
Awareness of the health benefits of folate intake has con- the Kazakhs, probably due to their traditional
siderably increased; research has shown that insufficient "' We screened serum folate and plasma Hey in the
levels of this vitamin may contribute to neural tube de- gencnl population of Kazakh adults, and fifty of 61
fects such as spina bifida and Down syndrome.' Pericon-  (82.0%) people tested, showed low concentrations of
ceptional daily supplementation with synthetic folic acid  folate. In order to reduce the nisk of neural tube defects
has been recommended in many developed |:um.utt|'u=s1 and future cardiovascular disease due to atherosclerosis,
Results of intervention studies have sh that p supplementation of folic acid is definitely needed in Ka-
ceptional use of folic acid supplements alone, or multivi-  zakhstan. However, for the appropriate implementation of
tamins combined with folic acid, can lower the risk of  this health policy, identification of Hey determinanis in
neural tube defects by 40% to 80%. the Kazakh population is needed.

Also, it is well known that folate influences homucyl In this study, we screened biochemical and genelic
teine (Hcy) bolism as a bstrate,' and el markers linked to folate and Hey metabolism in order to
plasma total Hey is an independent risk factor for ca.rdso- identify the determinants of Hcy concentration among the
vascular discase (CVD) and stroke.’ Data from several,  Kazakhs. The results obtained should be useful for future
but not all, prospective studies show a reduced risk of  folic acid supplementation in a population with a low
CVD and stroke associated with high intakes or blood folate status.
concentration of folate.*

In addition to folate intake, plasma Hcy levels are regu-  MATERIALS AND METHODS
lated mainly by 5,10-methylenctetrahydrofolate reductase Prior to this study, ethical approval was obtained from the
(MTHFR), which is involved in the folate-dependent re- special committee of Semipalatinsk State Medical Acad-
methylation of Hey.*” In particular, the 677 C to T poly-  emy.We collected blood samples in Semipalatinsk, Repub-
morphism of the MTHFR gene (C677T/MTHFR) has  lic of Kazakhstan. Before the study, participants with
been investigated most extensively in relation to its ef-
fects on the total Hey (1Hcy) concentration, The preva- ~ Corresponding Author: Dr Noboru Takamura, Department of
lence of C677I/MTHFR is relatively high in the genera] ~ Public Health, Nagasaki Univessity Graduate School of
population. It was reported that the prevalence of this ?.I‘;leul Sciences, 1-12-4 Sakamoto, Nagasaki 852-8523,
allele is 0.34 (0.29-0.39) in whites, 0.42 (0.34-0.50) inthe 570, o0 o nce v ;

Japanese, and 0.08 (0.06-0.12) in Africans,' but there is Eﬂu:amm: il;;in? 7069
no report on its frequency in the Kazakh. Manuscript received 13 August 2007. Initial review completed 7
September 2007. Revision accepted 17 January 2008,
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an apparent pasi or present history of atherosclerotic dis-
cases (including cerebral infarction or hemorrhage or
ischemic heart disease), current pregnancy, psorasis, sei-
zures, or use of methotrexate or phenytoin were excluded.
After these exclusions, 110 healthy Kazakh adults (61
men and 49 women, age 20-77 years) were included in
this study. The average age was 37.9+16.1 years. For
comparison, we also analyzed serum folate, plasma tHey
levels, and C677T/MTHFR genotype with the same pro-
tocol in 110 sex- and age-matched volunieers from the
Japanese general population (61 men and 49 women, age
20-76 years), who were recruited during the “National
Insurance Health-Up Project” performed at Nagasaki Pre-
fecture, Japan. Before the study, written informed consent
was obtained from all participanis.

Fasting blood samples were obtained, and after the
separation from whole blood, serum and plasma were
kept at -20°C and -80°C until assay, respectively. Serum
folate and vitamin B,; (VB;;) were measured using
chemiluminescent  immunoassay  radioimmunoassay
methods. Serum creatinine and albumin were measured
by enzyme and BCG methods, respectively. Plasma tHcy
was measured using high performance liquid chromatog-
raphy. The normal ranges of serum folate, VB,
creatinine, and albumin were 3.6-12.9 g/L, 233-914n g/L,
6.5-10.9 mg/L, and 3.7-5.5 g/dL, respectively. The nor-
mal range of plasma tHcy was 6.3-8.9mol/L in men and
5.1-11.7 mol/L in women.

Genomic DNA was automatically extracted from blood
cells separated from plasma using a MagExtractor MFX®
(TOYOBO, Osaka, Japan). For the determination of
C677T/MTHFR genotypes, we used the TagMan poly-
merase chain reaction (PCR) method (Applied Biosys-
tems Japan, Tokyo, Japan). In the current investigation,
we prepared 2 probes: the C allele-specific probe, 5' —
Tet-TCT GCC GGA GeC GAT TTC ATC ATC - Tamra-
3’, and the T allele-specific probe, 5' = Fam-TCT GCG
GGA GIC GAT TTC ATC ATC - Tamra-3'. The primer

design for PCR of the flanking region of C677T/MTHFR
was as follows: forward, 5' - CTG GGA AGA ACT
CAG CGA AC - 3'; reverse, 5’ - GGA AGG TGC AAG
ATC AGA GC - 3'. PCR was camried out with a thermal
cycler (Bio-Rad Laboratories, Hercules, USA). PCR was
performed according to the following conditions: nitial
denaturation at 95°C for 10 minutes, followed by 35 cy-
cles of 95°C for 15 seconds and 60°C for 60 seconds. The
fluorescence level of PCR products was measured with an
ABI PRISM 7900 Sequence Detector (Applied Biosys-
tems Japan, Tokyo, Japan), resulting in clear identifica-
tion of the three C677T/MTHFR genotypes (CC, CT, and
.

Since tHey levels were skewedly distnbuted, logarith-
mic transformation was performed for the following sta-
tistical analysis Multiple linear regression analysis was
performed for the identification of determinants of tHcy
levels, adjusted for age and sex. Average values = S.D.
for men (n=49) and women (n=61), and multiple linear
regression analysis for the association with plasma tHcy
levels after adjustment for age and sex were determined.
Furthermore, the tHcy level of each C677T/MTHFR
genotype adjusted by age and sex was evaluated with the
use of the ANCOVA test.

A probability value of less than 0.05 was considered to
indicate significance. All statistical analyses were per-
formed with SPSS 14.0® (SPSS Japan Inc., Tokyo, Japan).

RESULTS AND DISCUSSION

Serum folate concentrations of the Kazakh participants
ranged from 0.7 to 13.5 g/L and 72 of 110 (65.4 %),
which indicated low folate concentrations (<3.6 g/L).
Plasma tHey levels of the Kazakh participants ranged
from 5.5 1o 41.1 mol/L. Multiple regression analysis ad-
justed by age and sex showed that serum creatinine and
albumin did not correlate with plasma tHey concentration.
Serum VB;; was relatively comrelated with tHey ( 5=0,
p=0.076, Table 2) and serum folate was significantly cor-

Table 1. Clinical characteristics of the Kazakh and Japanese study participants.

Kazakh Jap p-valuet
Age (yrs) 37.9416.1 38.1£14.9 092
tHey} (pmol/L) 11.4£6.0 11.7£3.4 0.09
Creatinine (mg/L) 7.3%1.2 7.0£1.7 0.01
Vitamine B12 (ng/L) 337.8+110.9 3109902 0.24
Folate (ug/L) 1.642.1 10.4£5.3 <0.001
Albumin (g/dL) 48103 4.620.3 0.67

+ Data are expressed as mean + S.D. Differences between the Kazakh and Japanese were evaluated by Mann-Whitney's U test.

TtHey: total homocysteine

Table 2. Multiple linear regression analysis for the association with plasma log (tHcey) levels after adjustment for age

and sex.
Kazakh J

pt 95%Cl{ p-value B 95%Cl p-value
Creatinine (mg/L) 0.41 -0.14,0.96 0.14 0.26 0.18,0.35 0.01
Vitamin B12 (ng/L) 0 -0.001,0 0.076 0 -0.002,0.001 0.089
Folate (pg/L) -0.26 -0.034,-0,006 0.007 0.01 0,0.003 0.060
Albumin (g/dL) 0.091 -0.077,0.26 0.28 0.099 -0.080,0.28 0.30
1The regression coefTicient (B) is the g that the dep iable i when the independent variable i by one

unit and other variables are held constant.

195% confidence interval (CI) represents the plus/minus range around the observed sample regression coefficients. If the coefficient inter-

val inclodes 0, there is no significant
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Table 3. Plasma tHCY concentrations by C677T/MTHFR genotype in the Kazakh and Japanese

MTHFR Genotype

T CC&CT p-value
Not adjusted
Kazakh
log not transformed 19.5+1 8¢ 9.7+0.5 <0.001
log transformed 1.2+0.05 1.0£0.02 <0.001
lapanese
log not transformed 12.6¢0.6 11.6402 0.13
log transformed 1.110.02 1.1£0.01 0.11
Age and sex odjusted
Kazakh
log not transformed 19.7£1.8 9.740.5 <0.001
log transformed 1.2+0.05 1.0+0.015 <0.001
log not transformed 12.720.6 11.640.2 0.09
log transfi d 1.1+0.02 1.1+0.01 0.08
1 Values are exp d a3 mean Jeviati

related with tHey ( 8=-0.26, p<0.01).

The frequencies of C677T/MTHFR genotypes were
41.8% for CC, 44.5% for CT, and 13.7% for IT in the
Kazakh. With regard to the Japanese, the frequencies
were 36.4% for CC, 48.1% for CT, and 15.5% for TT.
Plasma tHcey levels in participants with the TT genotype
were significantly higher than those in participants with
CC and CT genotypes (19.5+1.8 mol/L vs. 9.7+0.5 mol/L;
p<0.001; Table 3). When adjusted by age and sex, tHcy
levels in the 7T genotype were almost twice as high as in
subjects with CC and CT genotypes in the Kazakh
(19.741.8 molL vs. 9.740.5 molL; p<0.001). On the
other hand, tHcy levels in the 7T genotype were relatively,
but not significantly elevated in comparison with CC and
CT genotypes in Japanese (12.740.6 mol/L vs. 11,6+0.2
mol/L; p=0.09),

In this study, we showed that serum folate concentra-
tion was independently correlated with tHey (p=0.007)
and that the 7T genotype of C677T/MTHFR had tHcy
levels almost twice as high as the CC and CT genotypes
in the Kazakh. In the Republic of Kazakhstan, which is
located in central Asia, because the cultural roots of the
Kazakh people (60% of the population) are nomadic, the
traditional diet mainly consists of meat, such as mutton
and beef, and vegetable intake tends to be deficient, par-
ticularly in rural areas, due to insufficient distribution. In
our curren!l study, 65.4% of the Kazakh participants
showed low folate concentrations. This suggests that ef-
fective supplementation of folic acid is needed in this area.

Several studies showed that higher dietary folate intake
is associated with lower tHcy levels in adults, independ-
ent of other dictary factors.'"'? However, these studies
have mainly been conducted in developed areas such as
Western Europe and the USA, and there have been few
reports on populations with low folate intake. In this
study, we showed that serum folate was significantly cor-
related with tHey in the Kazakh, which suggest that ap-
propriate folate supplementation will be effective to con-
trol the Hcy status of the population in this area.

Furthermore, our current study shows that tHcy levels
in participants with the TT genotype of C677T/MTHFR
were almost twice as high as those of participants with
the CC and CT genotypes in the Kazakh. On the other
hand, tHey levels in the 7T genotype were not signifi-

cantly elevated in subjects with CC and CT genotypes in
the Japanese. Recently, Casas er al. reviewed the associa-
tion between C677T/MTHFR genotype and Hcy concen-
trations, and reported that the weighted mean difference
in homocysteine concentration between 7T and CC ho-
mozygous was 1.93 mol/L in normal subjects.”’ However,
differences ranged widely from -1.30 mol/L 10 11.30

mol/L and only two of forty-one studies have shown an
over 10.0 mol/L differences between TT and CC homo-
zygous individuals. In the Kazakh, tHcy concentrations
adjusted for age, sex in 7T and CC homozygous individu-
als were 19.6+£1.8 molL and 10.7£0.5 mol/L, respec-
tively, which is a difference of 10.0 mol/L. On the other
hand, in the Japanese, tHcy concentrations adjusted for
age, sex in JT and CC homozygous individuals were
12.740.6 mol/L and 11.540.2 mol/L, respectively, which
is a difference of only 1.2 mol/L. Other than different
assay conditions, contributing factors such as races, daily
lifestyle, including the diet should be considered in order
to evaluate the association between Hcy and the
C677T/MTHFR genotype.

There are several limitations to our study. Since the
number of TT genotype of Kazakh and Japanese were
only 15 and 17, respectively, further sample collection
will be needed. Also we need to evaluate other polymor-
phisms in MTHFR, such as A1298C.

In conclusion, our results suggest that appropriate sup-
plementation of folic acid would be effective to improve
Hey, as well as folate conditions in Kazakh. Furthermore,
C677T/MTHFR is strongly related to tHcy concentration
with low folate status. Further studies are needed 1o out-
line the procedures for effective supplementation of folic
acid in Kazakh individuals.
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