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Immunohistochemical loss of keratin (K)13 is one of the most valuable diagnostic criteria for discriminating

carcinoma in situ (CIS) from non-malignancies in the oral mucosa while K13 is stably immunolocalized in the

prickle cells of normal oral epithelium. To elucidate the molecular mechanism for the loss of K13, we compared

the immunohistochemical profiles for K13 and K16 which is not expressed in normal epithelia, but instead

enhanced in CIS, with their mRNA levels by in-situ hybridization in formalin-fixed paraffin sections prepared

from 23 CIS cases of the tongue, which were surgically removed. Reverse transcriptase-PCR was also

performed using RNA samples extracted from laser-microdissected epithelial fragments of the serial paraffin

sections in seven of the cases. Although more enhanced expression levels for K16 were confirmed at both the

protein and gene levels in CIS in these seven cases, the loss of K13 was associated with repressed mRNA levels

in four cases, but not in the other three cases. The results suggest that the loss of K13 is partly due to its gene

repression, but may also be due to some unknown post-translational events.
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Introduction

One of the primary histopathological findings of oral
squamous epithelial lesions is disturbance of kera-
tinization toward the epithelial surface, known as
dyskeratosis, which can be identified on hematox-
ylin and eosin (HE)-stained sections.1 On the other
hand, there are some other keratinocytic differentia-
tion disorders which are not easily recognized with
routine HE staining, but which are clearly revealed
by immunohistochemistry for keratin (K) subtypes.
For instance, in normal epithelia of the oral mucosa,
the first basal cells express K19, whereas the prickle

cells in the third basal and upper layers express
K13.2–4 As parabasal (second basal) cells neither
express K13 nor K19, but are positive for Ki-67, the
parabasal cells may comprise a cell proliferating
center. Expansions of the Ki-67-positive (þ ) cell
proliferating center start to replace the first basal
cells in the lower direction, as well as the prickle
cells in the upper direction, resulting in gradual
losses of K19 and K13 in those cells, which should
represent such neoplastic conditions as epithelial
dysplasia and carcinoma in situ (CIS).5 In particular,
a total loss of K13 in the prickle cell layer should be
one of the most important histochemical markers for
the diagnosis of differentiated types of oral CIS,
because the prickle cells of CIS are unable to be
distinguished from the normal prickle cells on HE
sections.4–6

K13, an acidic keratin, is assembled with K4, its
basic partner, to form intermediate cytoskeletal
filaments of most internal stratified epithelia.7
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As K13 has been mainly immunolocalized from the
third basal layer up to the surface in normal oral
mucosa, the loss of K13 is considered to be related
with the severity of dysplastic changes.4–6,8–14

Regarding the disappearance of K13 in laryngeal
squamous cell carcinomas (SCCs) with definite
keratinization tendencies, masking or modification
of K13 antigenic sites due to some dysfunction of the
K13 gene has been suggested.11 However, there has
been no investigation on the K13 gene expression
levels in the oral squamous epithelial lesions
lacking the immunohistochemical expression of
the K13 protein.

To understand molecular mechanisms for the loss
of K13 protein in oral neoplastic conditions, we
wanted to determine its gene transcription status by
in-situ hybridization (ISH), and as well as by reverse
transcriptase (RT)-PCR using K16 as a control. In
contrast to K13, K16 is not expressed (�) in normal
oral epithelia, whereas its expression levels are
enhanced in neoplastic conditions.15 K16 has been
reported to be a marker for activated keratinocytes or
their hyperproliferative conditions not only in the
oral cavity, but in other organs.16,17

For RT-PCR analyses of surgical specimens, it is
preferable to use fresh cells or tissue samples.
However, it is difficult to dissect fresh epithelial
tissue samples from oral squamous epithelial
lesions, because it is unknown which parts are
immunohistochemically positive for K13 at the time
of surgery. Therefore, in this study, we utilized the
laser-capture microdissection (LMD) technique to
obtain relatively pure epithelial cell samples from
paraffin sections of surgical materials, which were
immunohistochemically confirmed by referring to
the presence or absence of K13 in sections con-
secutive to those selected for LMD. As RNA
extraction from LMD-prepared, formalin-fixed para-
ffin section fragments had not been established, we
developed an efficient extraction method for this
particular purpose.

Materials and methods

Materials

Twenty-three surgical materials of oral CIS of the
tongue were selected from the surgical pathology
files in the Division of Oral Pathology, Niigata
University Graduate School of Medical and Dental
Sciences, during the 4-year period from 2003 to
2006. All of the specimens were routinely fixed in
10% formalin and embedded in paraffin. Serial
5-mm sections were cut from the paraffin blocks. The
serial sections were stained with HE and immuno-
histochemically for K13 and K16. They were also
used for ISH for K13, as well as for LMD. The
experimental protocol for analyzing surgical materi-
als was reviewed and approved by the Ethical Board
of Niigata University Graduate School of Medical
and Dental Sciences (Oral Life Science).

Antibodies

Monoclonal mouse antibody to human K13 (clone
DE-K13, IgG1, diluted at 1:200) was purchased from
Dako (Glostrup, Denmark). A mouse monoclonal
antibody against K16 (clone LL025, IgM, diluted at
1:40) was obtained from Abcam (Cambridge, UK).

Immunohistochemistry

The ChemMate Envision System (Dako) was used
for immunohistochemical staining. Prior to incuba-
tion with the primary antibodies, sections were
autoclaved in 0.01M citrate buffer (pH 6.0) for
10min at 121 1C and then kept standing for 20min at
room temperature. To block endogenous peroxidase
activities, all sections were quenched with 0.3%
hydrogen peroxide in 100% methanol for 30min at
room temperature and rinsed with PBS containing
0.5% milk protein (Morinaga Milk Industry, Tokyo,
Japan) and 0.05% Triton X-100 (T-PBS), and then
they were incubated with 5% milk protein in T-PBS
for 1 h at room temperature to block non-specific
protein-binding sites. After incubation with the
primary antibodies overnight at 4 1C, the sections
were rinsed in T-PBS and then treated with polymer-
immune complexes (EnVisionþperoxidase, rabbit/
mouse; Dako, 1:1) for 1 h at room temperature. After
rinsing with T-PBS, peroxidase reaction products
were visualized by incubation with 0.02% 303-
diaminobenzidine (Dojindo Laboratories, Kumamoto,
Japan) in 0.05M Tris-HCl (pH 7.6) containing
0.005% hydrogen peroxide. For control experi-
ments, the primary antibodies were replaced with
pre-immune mouse IgG1.

5

Preparation of RNA Probes

The human K13 cDNA was amplified by RT-PCR,
using RNA samples of normal human oral mucosa,
and 50-TTGAA AACAA CCGGG TCATC-30 (sense)
and 50-GCTCT TCATT CAGGC TCTCG-30 (antisense)
primers. The PCR products (195bp) were subcloned
into plasmid vectors (pBluescript II, Promega,
Madison, WI, USA) and were digested with NcoI and
SalI. The linearized plasmids were used as templates
to synthesize digoxigenin-labeled RNA antisense
probes by T7 RNA polymerase (Promega) and sense
probes by SP6 RNA polymerase (Promega).

In-Situ Hybridization

After deparaffinization, the sections were washed in
2� standard saline citrate (SSC) and treated with
5mg/ml of proteinase K (Sigma Chemical, St Louis,
MO, USA) for 20min at 37 1C. They were then
washed with 0.2% glycine in PBS, fixed with 4%
paraformaldehyde in 0.1M phosphate buffer (pH
7.5) for 5min, dehydrated with a series of ethanol
(70–100%) and air-dried. Hybridization was
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performed for 15h at 43 1C in a moist chamber. The
hybridization solution contained 10% dextran sul-
fate, 1� Denhardt’s solution, 100 mg/ml of salmon
sperm DNA, 125 mg/ml of yeast tRNA, 3� SSC, 50%
formamide, and 1 mg/ml of probes in 10mM phos-
phate buffer (pH 7.4). After hybridization, the
sections were rinsed with 0.1� SSC and 0.2M
maleic acid buffer (pH 7.5), and incubated for 1 h
with alkaline phosphatase-conjugated sheep anti-
digoxigenin antibody (Roche Diagnostics GmbH,
Mannheim, Germany). Alkaline phosphatase prod-
ucts were developed with NBT/BCIP stock solution
(diluted at 1:50, Roche), and the sections were
counterstained with methyl green as described
previously.18

Total RNA Extraction from Paraffin Sections

For RNA extraction from whole paraffin sections,
five serial 5-mm-thick sections were prepared from
each paraffin-embedded tissue block and placed in
1.5ml sterile microtubes. To avoid cross-contamina-
tion of samples, a new microtome blade was used for
every block. The area of the microtome around the
blade was cleaned with 70% ethanol every time
paraffin blocks were replaced. The sections were
incubated at 98 1C for 10min in 200 ml of lysis buffer
(20mM Tris-HCl, pH 8.0, 20mM EDTA, 2% SDS)
without deparaffinization with xylene. To the tubes,
100 mg of proteinase K was added and incubated at
60 1C for 1 h. A 1-ml volume of TRIzol reagent
(Gibco, Invitrogen, Carlsbad, CA, USA) was added to
the samples, and total RNAwas extracted according
to the manufacturer’s instruction. The RNA pellet
was reconstituted in 10 ml of 0.05% diethyl pyro-
carbonate-treated water.

LMD and Total RNA Extraction

Seven specimens that contained both of K13(þ )/
K16(�) normal epithelial areas and K13(�)/K16(þ )
CIS areas in the same sections were selected for
LMD. A total of 10 serial paraffin sections were cut
at a thickness of 5mm and mounted on slide glasses
to which thin film sheets (Meiwa Shoji, Tokyo,
Japan) had been attached by silicone adhesive (GE
Toshiba Silicon, Tokyo, Japan). The sections were
deparaffinized by two changes of xylene for 10min,
rehydrated in 100, 90, and 70% ethanol for 30 s
each, and stained with 1% toluidine blue solution.
A Leica AS LMD microdissection system with a UV
laser (Leica Microsystems GmbH, Wetzlar, Germany)
was used to recover epithelial parts from the tissue
sections prepared as mentioned above. We sepa-
rately captured K13(þ ) normal epithelial parts, as
well as K13(�) CIS parts, which were immunohis-
tochemically and respectively confirmed in their
consecutive sections. Total RNAwas extracted from
laser-captured samples by using the TRIzol reagent
as described above.

Reverse Transcriptase-PCR

After DNase I (1 U; Invitrogen) treatment of total RNA
samples, cDNAs were synthesized with the Super-
Script First-Strand Synthesis System (Invitrogen).
Following the RT, PCR was carried out in an Astec
thermal cycler PC-800 (Astec, Fukuoka, Japan).
Oligonucleotide primers flanking the human K13
gene (nucleotide number 539–733, Number
BC126184.1, GeneBank) were synthesized using
primer sets as follows: 50-TTGAA AACAA CCGGG
TCATC-30, forward, and 50-GCTCT TCATT CAGGC
TCTCG -30, reverse, to generate a 195-bp product. K16
primers were as follows: 50-TCTTG CTGGA TGTGA
AGACG-30, forward, and 50-GAAGC TGGAT GAGCT
CTGCT 30, 197-bp product (nucleotide number 1219–
1415, Number AF061812, GeneBank). For the com-
petitive PCR, we also synthesized oligonucleotide
primers of human b-actin as follows: 50-TCACC
CACAC TGTGC CCATC TACGA-30, forward, and 50-
CAGCG GAACC GCTCA TTGCC AATGG-30, reverse,
to generate a 295-bp product (nucleotide number
549–843, Number NM001101, GeneBank). The ther-
mocycling protocol during the 40–45 amplification
cycles was as follows: denaturation at 94 1C for 45 s,
annealing at 58 1C for 45 s, extension at 72 1C for 45 s,
and termination with a final cycle of extension at
72 1C for 7min. The amplified DNA fragments were
analyzed by electrophoresis on 3% agarose gels.

Direct Sequencing of PCR Products

The 195-bp PCR products for K13 from LMD
samples were sequenced to confirm the presence
of K13 mRNA, using the forward primer described
above. All PCR products were extracted from the
agarose gels and subjected to cycle sequencing by
using the ABI PRISM BigDye Terminator version 3.1
Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA, USA). The reaction products were then
applied in an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems) and the sequencing data were
analyzed by using the DNA sequencing analysis
software, version 3.0 (Applied Biosystems).

Results

Immunohistochemical Profiles for K13 and K16 in
Oral Epithelial Lesions

Immunohistochemical profiles for K13 and K16
were compared among four categories of oral
epithelial conditions; normal, dysplasia, CIS, and
SCC. In normal epithelia (Figure 1a), K13 was
distinctly localized in the epithelial layer, except
for the basal cells (Figure 1b), whereas there were
no positivities for K16 in any part of the epithelial
layer (Figure 1c). Normal epithelia were also
confirmed by the presence of K19 in the first basal
cells and Ki-67-positive (þ ) cells in the second
basal layer as described previously (not shown).5
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Mild and moderate epithelial dysplasia (Figure 1d)
showed basically similar staining patterns to those
of normal epithelia for K13 (Figure 1e) and K16
(Figure 1f). In dysplasia, K19 disappears from the
basal cells, and Ki-67þ cells were expansively
located towards the first and third basal and upper
layers (not shown).5 Two types of CIS were demon-
strated in Figure 1: basaloid type (Figure 1g-i) and
differentiated type (Figure 1j-l).5 CIS is not yet
invasive, whereas its immunohistochemical features
are the same as those of SCC (Figure 1m-o). Neither

K13 (Figure 1k and n) nor K19 (not shown) were
positive, whereas K16 (Figure 1l and o) and K17 (not
shown) were reciprocally positive with an expan-
sion of Ki-67þ cells including the first basal layer
(not shown).6

RNA Extraction from Formalin-fixed,
Paraffin-Embedded Sections

The efficiency of RNA extraction from formalin-
fixed paraffin sections is summarized in Table 1.

Figure 1 Histopathological and immunohistochemical profiles of normal epithelia and epithelial lesions of the oral mucosa. (a–c)
Normal epithelium; (d–f) epithelial dysplasia; (g–i) carcinoma in-situ (CIS), basaloid type; (j–l) CIS, differentiated type; (m–o) squamous
cell carcinoma (SCC). (a, d, g, j, m) Hematoxylin and eosin (HE) stain; (b, e, h, k, n) immunoperoxidase stain for keratin (K)13;
immunoperoxidase stain for K16 (c, f, i, l, o), hematoxylin counterstain. (a–f, j–o) � 100; (g–i) �200 magnification. Normal and
dysplastic epithelia were immunohistochemically defined by the absence of K16 and the presence of K13 in the prickle cells (a–f). In
contrast, two types of CIS, basaloid (g–i) and differentiated (j–l), were not yet invasive, whereas its immunohistochemical features were
the same as those of SCC: no K13 (k, n) positive, but K16 positive (l, o).
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The total RNA amount from five whole sections,
which had an average tissue area of 170.1mm2, was
4.5 mg. On the other hand, that from 10 epithelial
part fragments prepared by LMD was 1.9 mg. As DNA
contamination was suspected because of low ratio of
OD260/280 and very faint bands of K13 mRNA in the
step of RNA purification (Figure 2a), before cDNA
syntheses, the RNA samples were treated with
DNase I after total RNA extraction by usual
technique using TRIzol reagent. By DNA degrada-
tion, the target K13 mRNA band became clearer
(Figure 2b). As amplicons generated by the primers
for K13 mRNA contained the intron sequences, it
was possible to distinguish whether PCR products
were DNA or RNA by judging their sizes. PCR
products of 195 bp indicated K13 mRNA, whereas
394-bp products implied DNA contamination, as
did the presence of extra bands (Figure 2a). From
these results, we concluded that DNase I treatment
was essential in RT-PCR for samples extracted from
formalin-fixed paraffin sections.

RT-PCR for K13 and K16 of Samples from Whole
Paraffin Sections

We selected two specimens from the same surgical
materials that contained CIS regions. One specimen

contained only normal epithelium (Figure 3a),
which showed K13 positivity (Figure 3c) and no
K16 positivity (Figure 3e). The other specimen had
a CIS region (Figure 3b), which did not show K13
immunoreaction (Figure 3d), but was partially
immunopositive for K16 (Figure 3f). We made each
set of five serial paraffin sections from these two
specimens and extracted RNA from the whole
sections containing these lesions. Before the RT-
PCR experiment, we confirmed immunohistochemi-
cally that the subepithelial areas of these
sections did not contain K13(þ ) or K16(þ ) epithe-
lial components to avoid contamination by non-
surface epithelial cells. To ascertain that each
RNA sample could yield RT-PCR products,
amplification was performed using ubiquitously
expressed b-actin primers that should amplify a
295-bp b-actin mRNA (Figure 4; lanes 1 and 2).
From the K13(þ ) epithelium (Figure 3c), we
detected a clear band of 195-bp K13 mRNA
(Figure 4; lane 3); however, the band was also
seen in the non-K13-immunopositive CIS regions
(areas indicated by arrows in Figure 3d, Figure 4;
lane 4). On the other hand, obvious mRNA
expression of K16 was only detected from the K16-
immunopositive area (Figure 3e and f, Figure 4;
lanes 5 and 6).

Table 1 The efficiency of RNA extraction from formalin-fixed paraffin sections

Whole sections LMD

Amount of sections (mm thick� slices) 5� 5 5�10
Total size of samples (mm2) 170.1 (16–375) 4.1 (1–7.5)
RNA concentration (mg/ml) 495.6 (59.3–3418.1) 209.0 (13.6–594.3)
Total RNA amount (mg) 4.5 (0.59–30.8) 1.9 (0.1–5.3)
OD260/280 ratio 1.1 (0.71–1.48) 0.9 (0.6–1.3)

Abbreviations: LMD, laser-capture microdissection; OD, optical density.

Figure 2 Reverse transcriptase (RT)-PCR for keratin (K)13 mRNAwith or without DNase I treatment. (a) Without DNase I treatment, (b)
with DNase I treatment. (Lanes 1 and 2) 295-bp fragment of b-actin, (lanes 3 and 4) 195-bp fragment of K13. (Lanes 1 and 3) Case 1, (lanes
2 and 4) case 2. PCR product of 195bp showed K13 mRNA (arrow), and other extra bands implied DNA contamination (lanes 3 and 4).
Without DNase I treatment, the band of K13 mRNAwas very faint (a); however, after DNA degradation, the target mRNA band became
clear (b).
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RT-PCR for K13 from Microdissected Epithelial
Fragments

From seven surgical specimens, in which both
normal and CIS epithelial parts were contained
within the same sections (Figure 5a and b), serial
sections were immunohistochemically examined for
K13. Normal epithelial parts were definitely K13
positive (K13(þ ); Figure 5c and e), whereas CIS
parts showed no K13 positivity (K13(�); Figure 5d
and f). Using LMD, we recovered K13(þ ) and
K13(�) parts separately by referring to the immuno-
histochemical results in consecutive sections
(Figure 5g and h). RNA samples were extracted
from the captured epithelial cell sheets and were
further processed for standard RT-PCR reactions.
Strong bands for the gene of b-actin, as a house-
keeping gene, were obtained after 40 cycles of
amplification (Figure 6). We LMD captured K13(�)
CIS parts from seven specimens and compared their
K13 mRNA expression levels with K13(þ ) normal
epithelial parts. In four cases (57%), there were
strong bands of K13 mRNA even in the K13(�) CIS
regions (Figure 6a), whereas in the other three cases
(43%), only faint bands were obtained, suggesting
their lowered levels of K13 mRNA expression
(Figure 6b).

In the present study, we used conventional
competitive RT-PCR method instead of real-time
PCR to compare the gene expression levels, because

we had to distinguish the PCR products from the
contamination of genomic DNA by different-sized
bands in the same lanes as described above.

Figure 3 Comparative immunohistochemical profiles of normal epithelium vs carcinoma in situ (CIS) within the same surgical
specimen. (a, b) Hematoxylin and eosin (HE) stain, (c, d) immunoperoxidase stain for keratin (K)13, (e, f) immunoperoxidase stain for
K16, hematoxylin counterstain. (a, c, e) Normal oral epithelium, (b, d, f) CIS lesion (indicated by arrows). Normal epithelium was shown
to be K13 immunopositive (c) and have no K16 immunopositive (e) stainings. On the other hand, CIS region did not show K13
immunoreaction (d), but was partially immunopositive for K16 (f). K13 and K16 immunopositive epithelial were not present in the
submucosal layer.

Figure 4 Reverse transcriptase (RT)-PCR for keratin (K)13 and
K16 mRNA taken from whole paraffin sections. (Lanes 1 and 2)
295-bp fragment of b-actin, (lanes 3 and 4) 195-bp fragment of
K13, (lanes 5 and 6) 197-bp fragment of K16. (Lanes 1, 3 and 5)
K13 positive (þ ) and no K16 positive (�) normal epithelial
samples, (lanes 2, 4 and 6) K13(�) and K16(þ ) CIS samples. To
ascertain that each RNA sample could yield RT-PCR products,
amplification was performed using ubiquitously expressed
b-actin primers that should amplify a 295-bp b-actin mRNA
(lanes 1 and 2). From the K13(þ ) epithelium, we detected a clear
band of 195-bp K13 mRNA (lane 3); however, the band was also
seen in the K13(�) carcinoma in situ (CIS) regions (lane 4). On the
other hand, enhanced mRNA expression of K16 was only detected
from the K16(þ ) area (lane 6).
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Direct Sequencing for PCR Products

To confirm that the RT-PCR products from the LMD
samples were for K13 mRNA, we examined them by
direct sequencing. All of the K13 PCR products from
both K13(þ ) and K13(�) parts were verified to be
the amplicon of K13 mRNAwithout any mutations.
Partial sequencing data of K13(�) samples are
shown in Figure 6c.

ISH for K13 mRNA

As the definite expression of K13 mRNA was
obtained even in the K13(�) CIS parts in 57% of
the specimens examined, we confirmed the discrep-
ancy by ISH for K13 mRNA in the serial sections. In
K13(þ ) normal epithelial parts, mRNA signals were
detected in the cytoplasm of epithelial cells in the
whole layers (Figure 7a-c). In contrast, very faint

Figure 5 Laser microdissection from keratin (K)13(þ ) or K13(�) epithelial lesion. (a, c, d) Hematoxylin and eosin (HE) stain, (b, e, f)
immunoperoxidase stain for K13, hematoxylin counterstain. (g, h) areas taken by laser-capture microdissection (LMD), toluidine blue
staining. Using LMD, we collected separately from the areas for K13(þ ) (c, e, g; left square in a and b) and K13(�) (d, f, h; right square in
a and b) epithelial cells.
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mRNA signals for K13 were demonstrated in K13(�)
CIS parts (Figure 7d-f). The control sections using
sense probes were consistently not positive for K13
mRNA (data not shown). Accordingly, ISH also
supported the RT-PCR result that K13 mRNA was
expressed in the 4/7 K13(�) CIS specimens.

Discussion

In the present study, we were successful in
performing RT-PCR using RNA samples extracted
from formalin-fixed, paraffin-embedded surgical
materials of the 23 cases of oral CIS, which has
enabled us to demonstrate the K13 transcription
status in reference to their ISH and immunohisto-
chemical data.

Our previous studies have paid attention to the
immunohistochemical loss of K13 in the malignant
transformation process of the oral mucosa from
epithelial dysplasia to CIS.2,4–7 In normal oral
epithelium, K13 was mainly immunolocalized in
the prickle cells, but not in the first or second basal
cells. However, its expression mostly disappeared
from the whole epithelial layer of CIS.4–7,9–11

The expression profiles for the keratin genes
have previously been demonstrated by using ISH
techniques in normal oral mucosa,19 and by showing
their alteration statuses in oral epithelial lesions20

including oral epithelial dysplasia and SCC.8 In the

present ISH study, we found that the mRNA signals
for K13 remained to some extent, but did not
completely disappear in the immunohistochemi-
cally K13(�) CIS foci, indicating that their transla-
tion was suppressed by some posttranscriptional
modifications.

The gene transcription levels for K13 in the oral
mucosal lesions have insufficiently been investi-
gated by RT-PCR.21–24 Lv et al24 demonstrated by
RT-PCR of fresh tissue samples that mRNA levels for
the K13 gene were 4.2-fold higher in oral normal
tissues than in paired cancerous samples. However,
the relationship between the gene transcriptional
and protein expression levels is unclear, because
epithelial cells or SCC cells were not selectively
sampled in those studies. Thus, the present study is
the first trial to compare the K13 gene transcription
levels by RT-PCR using LMD-prepared pure epithe-
lial samples with their histological levels by ISH in
accurate references to immunohistochemical levels
in the same areas. Although the enhanced immuno-
localizations for CK16 in CIS cases corresponded to
their definite mRNA levels, the loss of K13 immuno-
positivities seemed to be partly due to lowered K13
gene expression levels and partly due to unknown
posttranslational events. Areas with gene expres-
sions for such keratin subtypes as K1, K6, K7, K8,
and K10 have been reported to be wider than their
protein ones in normal oral mucosa and salivary
glands,25,26 salivary pleomorphic adenoma,25 oral

Figure 6 Reverse transcriptase (RT)-PCR for K13 from microdissected keratin (K)13(þ ) or K13(�) epithelial lesion in the same section
and direct sequencing for PCR products. (a) Case 1, (b) case 2. (Lanes 1 and 2) 295-bp fragment of b-actin, (lanes 3 and 4) 195-bp fragment
of K13. (Lanes 1 and 3) K13(þ ) normal epithelium, (lanes 2 and 4) K13(�) carcinoma in situ (CIS) lesion. In four cases, the strong band of
K13 mRNAwas detected in the K13(�) CIS region (a). On the other hand, in three cases, only a faint band was detected in the K13(�)
epithelium, which was seen to correspond with immunohistochemical results (b). (c) Partial sequencing data of K13 PCR products
corresponding to nucleotide number 687–735, Number NM153490.1, GeneBank. Both K13(þ ) and K13(�) PCR products gave the same
sequencing results without any mutation.
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epithelial,26 or epidermal27 lesions. The tendencies
were considered to be possible because the trans-
cript forms might not always be translated to
proteins due to some posttranscriptional regula-
tions.21,25–27 In human skin epidermis, multiple
microRNAs are thought to regulate gene expression
of keratins during keratinocyte differentiation
in vitro and in vivo.28 Therefore, it is speculated
that microRNA-induced repression of the K13 gene
translation might occur as posttranscriptional regu-
lation in the oral keratinocytes.

The most important technical issue in the RNA
extraction from paraffin sections in the present
study was to prevent DNA contamination, which
we had never experienced in RNA extraction from
fresh samples.29–31 From our present experience, we

would recommend the DNase I treatment as an
essential step for RT-PCR for RNA samples extracted
from paraffin sections to avoid DNA contamination.
Another important technique to avoid false-positive
mRNA bands was that we prepared primers to span
an intron to generate different-sized products for
RNA samples by excluding annealing to genomic
DNA.23 In addition, the sizes of PCR products were
designed to be less than 300 bp for successful
amplification, because RNA samples from forma-
lin-fixed, paraffin-embedded tissues seemed to be
degraded. Precipitative fixatives, such as ethanol
and acetone, have been believed to produce more
RT-PCR amplification products than cross-linking
fixatives such as formaldehyde,29 though no differ-
ences have been documented between formalin-

Figure 7 In-situ hybridization (ISH) for keratin (K)13 mRNA in K13(þ ) or K13(�) epithelial lesions. (a–c) K13(þ ) normal epithelium,
(d–f) K13(�) carcinoma in situ (CIS) lesion, (a, d) Hematoxylin and eosin (HE) stain, (b, e) immunoperoxidase stain for K13, hematoxylin
counterstain, (c, f) immuno-alkaline phosphatase stain for digoxigenin-labeled antisense K13 RNA probes, methylgreen counterstain.
K13 mRNA is present in parabasal and prickle cells in normal epithelium (c). However, faint mRNA signals for K13 were also detected in
the CIS cells, which did not show K13 immunopositivities (f). Original magnification: �150.
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fixed tissue compared with fresh-frozen tissue in the
qualitative expressions of such cancer-relevant
genes, including that for FGF-R and HER-2.23 As
we could obtain reasonable RNA samples from all of
the 23 cases examined, it was concluded that the
RNA extraction was possible in routine formalin-
fixed specimens. However, their qualities and yields
of the RNA samples were different from case to
case, which indicated RNase-free fixation and short
storage time, in case RNase-free handlings are not
expected. Therefore, it is important to control the
time period from the surgical removal of tissue
specimens to fixation in formalin, because RNA
samples might undergo significant enzymatic deg-
radation until the specimens are completely fixed
and embedded.29,30,32

Needless to say, fresh samples are desirable for
gene analysis, but fresh frozen tissues are not
always available in clinical scenes. Formalin-fixed,
paraffin-embedded tissue samples, which have been
archived for decades through routine histopatholog-
ical diagnostic activities in each hospital, are there-
fore regarded as a valuable resource, along with
clinical information, for further genetic or molecular
investigations towards diagnostic, retrospective, and
investigative purposes if DNA or RNA samples are
able to be recovered from them. The great advantage
of paraffin sections is their preserved tissue archi-
tecture, which is a prerequisite for histopathological
diagnostic confirmation and which allows a wide
variety of approaches for further clinicopathological
studies. In addition, application of laser micro-
dissection may help in sampling carefully targeted
cells for accurate RT-PCR results. Thus, these
combined techniques have converted formalin-
fixed, paraffin-embedded materials from mere rou-
tine diagnostic subjects to important treasure mine-
like research resources for future pathological
research.
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