World Journal of Cardiovascular Diseases, 2013, 3, 22-30

WJCD

http://dx.doi.org/10.4236/wjcd.2013.31006 Published Online January 2013 (http://www.scirp.org/journal/wjcd/)

A new diagnostic feasibility for cardiomyopathy utilizing

acoustic microscopy

Yoichi Nakamura'?’, Kengo Fukushima Kusano®’, Kazufumi Nakamura®, Kazuto Kobayashi4,

Naohiro Hozumi’, Yoshifumi Saijoﬁ, Tohru Ohe*’

'Department of Cardiovascular Medicine, Matsuyama Shimin Hospital, Matsuyama, Japan
’The Clinic of Soyokaze Cardiovascular Medicine and Diabetes Care, Matsuyama, Japan
*Department of Cardiovascular Medicine, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,

Okayama, Japan

*Department of Research and Development, Honda Electronics Co., Ltd., Toyohashi, Japan

>Toyohashi University of Technology, International Cooperation Center for Engineering Education Development, Toyohashi, Japan
SBiomedical Imaging Laboratory, Graduate School of Biomedical Engineering, Tohoku University, Sendai, Japan

"Department of Cardiology, Sakakibara Heart Institute of Okayama, Okayama, Japan

Email: *y.nakamura@soyokaze—cvd.]'p

Received 1 November 2012; revised 2 December 2012; accepted 12 December 2012

ABSTRACT

Aims: Dilated cardiomyopathy often shows left ven-
tricular systolic dysfunction, although histologically it
always exhibits non-specific abnormality. We hy-
pothesized that myocyte sound speed might be altered
due to incomplete protein accumulation in cells.
Methods and Results: Ninety eight biopsied samples
were obtained from 49 patients comprising 43 with
clinical dilated cardiomyopathy and 6 with hyper-
trophic cardiomyopathy. Sound speed was evaluated
in de-paraffinized 10 pm thick sections using an acou-
stic microscope (frequency range: 50 - 105 MHz).
Conventional histology revealed 7 cases of persistent
myocarditis derived from clinical dilated cardio-
myopathy samples. Histology of the remaining dilated
cardiomyopathy patients indicated non-specific ab-
normality. All hypertrophic cardiomyopathy cases
exhibited myocardial disarray. Ten normal autopsied
hearts were compared as controls. The sound speed of
controls was 1627 + 30 m/sec. The sound speed in di-
lated cardiomyopathy samples (1700 £ 51 m/sec) was
1.045-fold faster compared to controls. The sound
speed in hypertrophic cardiomyopathy samples (1734
+ 51 m/sec, 1.066-fold compared to controls) was
faster than that of the myocarditis group (1672 + 30
m/sec, 1.028-fold) (P = 0.0218). Furtheremore, desmin
expression was evaluated as extent of emergence
(grading 0 - 4). The desmin expression score in hy-
pertrophic cardiomyopathy samples (2.7 + 0.8) was
significantly higher than in other groups (dilated 2.0
+ 1.4, myocarditis 1.6 £+ 1.5 vs, controls 0, P < 0.0001,
0.0001, 0.0129, respectively). Conclusion: Cardio-
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myopathy enhanced the sound speed, which corre-
lated with the elasticity of myocytes, following the
impaired compliance of left ventricle, despite the ab-
sence of histological changes. The elevation of sound
speed of myocytes may be linked to cytoskeletal
changes. Myocyte sound speed may be a new diagnos-
tic tool for diagnosis of idiopathic cardiomyopathy
independently of conventional histological diagnosis.

Keywords: Cardiomyopathy; Acoustic Microscopy;
Heart Failure; Myocytes; Sound Speed; Diagnosis

1. INTRODUCTION

Genetic cardiomyopathy is one of the causes of systolic
and diastolic heart failure based on abnormality of pro-
teins which comprise intra-myocyte architecture. Con-
sequently, myocytes often contribute to several grades of
hypertrophy with attenuation which occasionally ad-
vances to replacement fibrosis. Degeneration of myo-
cytes with/without fibrosis leads to a diminished ejection
performance and reduced ventricular elasticity. In the
last decade, developments in molecular technology have
allowed characterization of many gene mutations related
to cardiomyopathy. However, the mutation has been
identified in just 20% - 48% of dilated cardiomyopathy
cases, despite identification of over six hundred dissimi-
lar mutation points. Even hypertrophic cardiomyopathy
is not confirmed as a gene mutation in all cases [1-4]. In
addition, because cardiomyopathies exhibit several phe-
notypes and a varied pathogenesis with few characteristic
findings, it is quite difficult to obtain a precise diagnosis.
For this reason, the diagnosis of cardiomyopathy “is now
confused”, although some Societies have made a statement
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concerning the classification of cardiomyopathies [5,6].

Cardiac biopsy is an effective diagnostic tool for iden-
tification of myocardial diseases. Some Societies have
recommended a role for endomyocardial biopsy in a
number of clinical scenarios [7]. Endomyocardial biopsy
is associated with low sensitivity and high specificity
because suspected lesions of acquired cardiomyopathy
are always scattered over the ventricular wall, leading to
sampling errors [8,9]; conventional histology then re-
veals that idiopathic cardiomyopathy demonstrates non-
specific abnormal findings, despite visualization of large
numbers of myocytes [10].

Cardiomyopathy, of which there are several grades,
exhibits diastolic dysfunction resulting from low com-
pliance, decreased distensibility and viscoelasticity. Con-
sequently the left ventricle exhibits increased stiffness,
prolonged relaxation time; thereafter the tau is extended.
These conditions result from cardiac overload, heteroge-
neity of ventricle, over-handling of calcium by myocytes
etc. We speculated whether myocytes had an abnormal
intra-cellular architecture with/without calcium over-hand-
ling, as a result of which ventricular elasticity was also
impaired.

Acoustic microscopy has been used to visualize tissue
elasticity. This technology was developed by Sokolov
[11] in 1949, from which Quate and Lemons [12] further
developed the scanning acoustic microscope, the so
called SAM in 1975. Nowadays, it is utilized in several
clinical and biological fields even as paraffin-embedded
samples [13-17].

We hypothesized that if cardiomyopathy had altered
the intra-cellular component, its elasticity might change.
To clarify changes in cell elasticity we measured the
sound speed of myocytes using the SAM system. Ac-
quired cardiomyopathy may be associated with less
change in intra-cellular architecture because basic cell
architecture of the original cells ought to be comprised
of normal cell components; however, focal necrosis
and fibrosis were present, due to 1) inflammation
caused by virus infection or disturbance of the auto-
immune systems, 2) attack by toxins, or 3) abnormal
metabolite deposition etc. Thus some idiopathic car-
diomyopathies could be readily differentiated from
other acquired cardiomyopathies using a parameter
such as “cell sound speeds”, whereas such differentia-
tion cannot be achieved histologically.

2. METHODS
2.1. Subjects

Patients diagnosed with congestive heart failure of un-
known etiology underwent cardiac biopsy from right-
sided ventricular septum to characterize the pathogenesis.
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A total of 98 biopsy samples were obtained from 49
congestive heart failure patients who had experienced
systolic dysfunction or who were diagnosed with dia-
stolic heart failure.

Samples were registered from two separate Centers,
namely the Department of Cardiovascular Medicine of
Okayama University Graduate School of Medicine, Den-
tistry and Pharmaceutical Sciences, and the Department
of Cardiovascular Medicine of Matsuyama Shimin Hos-
pital. Congestive heart failure patients with ischemic car-
diomyopathy, valvular heart diseases, congenital struc-
tural heart diseases, or secondary cardiomyopathy were
excluded from this study. The study protocol was ap-
proved by the Human Ethics Review Committee of each
hospital and a signed consent form was obtained from
every patient, or their family if autopsied samples were
used. Ten autopsied normal hearts selected from cases of
non-cardiac death were compared as controls.

2.2. Catheterization and Ventriculography

All patients underwent left and right ventriculography
after pressure investigation in both ventricles. Thereafter
endomyocardial biopsy samples were obtained from
right ventricular septum via the right jugular vein. Left
ventricular volume and ejection fraction were calculated
by the centerline method.

2.3. Preparation of Materials

All specimens were obtained from biopsy or autopsied
samples. All samples were fixed with 10% formaldehyde.
Thereafter, specimens were dehydrated with ethanol ac-
cording to standard processing for histology and embed-
ded in paraffin. Continuous de-paraffinized 5 pm thick
sections were prepared for standard histological evalua-
tion together with hematoxylin and eosin staining and
Masson trichrome staining, and further prepared for im-
munohistological evaluation. Consecutive 10 pm thick
specimens sliced together with the 5 pm thick sections
were also prepared for acoustic microscopy.

2.4. Acoustic Microscopy [15,16]

An acoustic wave of 5 ns pulse width with a 10 KHz
repetition rate was irradiated and received by the same
transducer. The transducer was 1.2 mm in aperture di-
ameter, and 1.5 mm in focal length. Its nominal fre-
quency range was 50 - 105 MHz (-6 dB), with the cen-
tral frequency being 80 MHz. Distilled water was used
for the coupling medium between the specimen and the
transducer. Reflections on both sides of the tissue were
compared to measure the sound speed and thickness.
Two-dimensional profiles of reflection intensity, thick-
ness and sound speed were obtained by mechanically
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scanning the transducer. The transducer was mounted on
an X-Y stage driven by the computer. Considering the
focal distance and the cross sectional area of the trans-
ducer, the diameter of the focal spot was estimated as 20
um at 80 MHz. However, microscopic resolution had
been 15 pm in the axial plane resolution and 18 pm in
the lateral plane resolution from the phantom examina-
tion. The tissue surface of 2.4 x 2.4 mm was covered
with 300 by 300 pixels.

2.5. Measurement of the Sound Speed of
Myocytes

De-paraffinized 10 um thick sections were evaluated us-
ing acoustic microscopy. Several specimens were evalu-
ated per patient. The sound speeds of 15 myocytes ran-
domly selected per specimen were measured. The sound
speeds of myocytes associated with several specimens
per patient were averaged.

2.6. Immunohistochemistry

After de-paraffinization, desmin was detected by stan-
dard labelled streptavidin biotin methods with a mono-
clonal anti-human desmin mouse antiserum (Dako Cy-
tomation, Kyoto, Japan) as the primary antibody and
biotinylated mouse/rabbit immunoglobulin pig anti-se-
rum (Dako Cytomation, Kyoto, Japan) as the secondary
antiserum. Primary antibody was diluted 1:50 and incu-
bated with sections for 90 minutes. The second antiserum
was incubated for 30 minutes; thereafter peroxidase-
conjugated streptavidin (Dako Cytomation, Kyoto, Japan)
was incubated with sections for 30 minutes at room tem-
perature. Finally, the sections were counterstained with
hematoxylin.

2.7. Desmin Expression Score

Desmin expression score in myocytes of specimens was
defined as follows: 0; none, 1; less than 5%, 2; 5% to
25%, 3;25% to 50% and 4; over 50%.

2.8. Statistics

All data were expressed as mean + standard deviation
(SD). Statistical significance of differences among groups
was evaluated using ANOVA for continuous variables.
A P-value of less than 0.05 was interpreted as statisti-
cally significant.

3. RESULTS
3.1. Histology

Histological evaluation of clinical dilated cardiomyopa-
thy cases showed division into two groups: persistent
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myocarditis (n = 7) and idiopathic dilated cardiomyopa-
thy (n = 36). All in the persistent myocarditis group ex-
hibited inflammatory cells infiltrated into the interstitium
without necrosis of myocytes. Histologically, the dilated
cardiomyopathy group showed non-specific abnormality,
i.e. 8 almost normal findings, 16 attenuations, 8 mildly
increased interstitial fibrosis, 3 scant replacemant fibrosis
and one desmin myopathy. The hypertrophic cardio-myo-
pathy group demonstrated typical disarray with myocar-
dial hypertrophy. No materials accumulated in the tissue
(Table 1). The control group showed clearly normal find-
ings on the light microscopic image.

3.2. Clinical Characteristics

Six patients in the dilated cardiomyopathy group had a
family history of heart disease. Clinical findings regard-
ing heart failure in groups are summarized in Table 2.
The stage of heart failure (NYHA classification) showed
no significant difference among groups. Left ventricular
ejection fraction in the dilated cariomyopathy group and
the persistent myocarditis group was diminished. Left
ventricular end-diastolic pressure in the hypertrophic
cardiomyopathy and persistent myocarditis groups was
elevated. Pulmonary capillary wedge pressure in the hy-
pertrophic cardiomyopathy group was highest compared
to other groups. Brain natriuretic peptide values showed
no significant difference among groups despite differ-
ences in clinical features.

3.3. Sound Speed of Myocytes

Representative images for each group are shown in Fig-
ure 1. The sound speed of myocytes in the control group
was uniform, as indicated by being within the “green
range”. The average sound speed was 1627 + 30 m/sec.
The sound speed in the dilated cardiomyopathy group
was 1700 £+ 51 m/sec, which was significantly faster than
that of the control group (P < 0.0001). This was 1.045-
fold compared to controls. Almost all cells are indicated

Table 1. Histological evaluation of clinically diagnosed dilated
or hypertrophic cardiomyopathy.

Pathological Findings n Group
Almost Normal 8
Attenuation 16
Mildly Increased Interstitial Fibrosis 8 DCM
Replacement Fibrosis(scant) 3
Desmin Myopathy 1
Persistent Myocarditis 7  Persistent Myocarditis
Disarray with Myocardial Hypertropy 6 HCM

DCM,; dilated cardiomyopathy, HCM; hypertrophic cardiomyopathy.
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Table 2. Clinical characteristics of groups.

DCM (36) HCM (6) Persistent myocarditis (7) Control (10)
Sample number 79 19 21 10
Age (years) 57+15 59+12 60+9 74+ 10
Gender (% Male) 83% 67% 43% 57%
NYHA (/I/II/IV) 0/28/6/2 0/6/0/0 0/5/2/0
LVEDVI (mL/m?) 90 + 42 58 +26 74 + 35
LVESVI (mL/m?) 56 + 36 23+ 11 42 +25
LVEF (%) 38+ 13 59+ 4 46+ 15
LVEDP (mmHg) 9.1+75 21.0+3.0 17.0+7.6
PCW (mmHg) 7.6+7.0 15.0+5.0 9.6+6.2
CI (L/min/m?) 8.0+6.9 4.0+0.9 9.9+11.0
BNP (pg/mL) 303 +450 223 +243 454 +417

NYHA; New York Heart Association classification, LVEDVI; left ventricular end-diastolic volume index, LVESVI; left ventricular end-systolic volume index,
LVEF; left ventricular ejection fraction, LVEDP; left ventricular end-diastolic pressure, PCW; pulmonary capillary wedge pressure, CI; cardiac index, BNP;
brain natriuretic peptide.

SAM HE Desmin

Dilated
Cardiomyopathy

Persistent
myocarditis

Hypertrophic
Cardiomyopathy

Figure 1. Representative images of each group. Left panel demonstrates the sound
speed of myocytes as a color map. Neighboring panels represent the same samples
stained with hematoxylin and eosin after measuring sound speed in the tissue. Left
panel of HE stain is a close up of the square area of SAM and HE. Right panel in-
dicates immunohistochemical stain using anti-desmin antiserum as a primary anti-
body. Top: Dilated cardiomyopathy group. Sound speed of myocytes is escalated
(1723 £ 79 m/sec) although conventional histology demonstrates almost normal
findings. Desmin expression score is 3. Second Panels: Persistent myocarditis
group. Histology reveals inflammatory cells infiltrated into the interstitium which
shows scant replacement fibrosis. Sound speed of myocytes is moderately escalated
(1669 + 66 m/sec). Third Panels: hypertrophic cardiomyopathy. Sound speed of
myocytes escalated to 1695 + 56 m/sec. Disarray is present in the square. Desmin
expression score is 4. Bottom Panels: Control myocardium. Sound speed of myo-
cytes is 1613 £ 12 m/sec. Histology is completely normal, and no desmin is ex-
pressed. Scale bar beside bottom panels relates sound speed to image color. SAM;
scanning acoustic microscope. HE; hematoxylin and eosin staining.
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in red in the color image. On the other hand, the sound
speed in the persistent myocarditis group was 1673 = 30
m/sec. This showed a 1.028-fold escalation of sound
speed compared to the controls; however escalated myo-
cytes were sparsely distributed in the tissue. Conse-
quently, there was no significant difference compared to
controls.

Finally the myocytes in the hypertrophic cardio-myo-
pathy group also exhibited increased numbers of red
myocytes, which showed a striped pattern. The average
sound speed was greatest of all here, being 1734 + 51
m/sec. This was 1.066-fold cpmpared to controls. Statis-
tically the sound speed in the hypertrophic cardio-
myopathy group was significantly greater than that in
either the persistent myocarditis group or controls (Fig-
ure 2).

3.4. Desmin Emergence

Desmin expression was greater in diseased myocytes

(cardiomyopathy patients) compared to the controls.
Desmin expression score in the hypertrophic cardio-
myopathy group was 2.7 + (0.8. It was highest compared
to the other diseased groups although there was no sig-
nificant difference among diseased groups (Figure 3). If
patients who did not exhibit desmin emergence were
excluded from the cardiomyopathy groups, the sound
speed of cardiac myocytes was significantly faster than
that of the controls despite the severity of desmin ex-
pression (Figure 4).

4. DISCUSSION

The present manuscript has demonstrated that the sound
speed of myocytes associated with cardiomyopathy was
escalated compared to that of normal myocytes. Myocyte
sound speed in hypertrophic cardiomyopathy was faster
than that in persistent myocarditis, although dilated car-
diomyopathy cases demonstrated no significant difference
compared to that of persistent myocarditis. Furthermore
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Figure 2. Comparison of sound speed of cardiac myocytes among
groups. Cardiomyopathy groups demonstrate increased myocyte

sound speed.

P<0.0001

The Expression Score of Desmin on
Cardiac Myocytes

P=0.0001

im

P=0.0129

Persistent
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Figure 3. Comparison of desmin expression in cardiac myocytes.
Cardiomyopathy groups show greater emergence of desmin in

myocytes.
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Figure 4. Comparison of sound speed of cardiac myocytes in des-
min-expressing cardiomyopathy and controls. The sound speed of
cardiac myocytes of desmin expressed cardiomyopathy groups is
significantly escalated compared to the controls which desmin ex-

pression SCOre was zero.

cardiac myocytes of cardiomyopathy patients exhibited
escalated sound speeds if desmin emergence occurred,
although the persistent myocarditis group did not exhibit
a significant difference compared to the controls, in spite
of significantly increased desmin expression score.

Idiopathic dilated cardiomyopathy mainly includes
genetic cardiomyopathy and some inflammatory cardio-
myopathies [18-20]. In both cases, myocytes show a
similar degeneration on conventional histology, despite
focal cell infiltration with/without necrosis of myocytes.
Furthermore, acquired cardiomyopathy reveals similar
phenotypes during the clinical course and in histological
findings [6]. This is the principal reason why cardio-
myopathy cannot be easily classified according to patho-
genesis.

Prochorec-Sobieszek et al. [20] demonstrated that 45%
of dilated cardiomyopathy cases constituted persistent
myocarditis, via expression of adhesion molecules and
human leukocyte antigen (HLA)-ABC which corre-
sponds to class I molecules of major histocompatibility
complex (MHC) in humans and HLA DPQR which be-
longs to the class II MHC locus, utlizing imunohistol-
ogical techniques, although conventional optical mi-
croscopy identified only 9.5% of cases. For this reason
our dilated cardiomyopathy group may include a number
of persistent myocarditis cases. If our dilated cardio-
myopathy group could be clearly separated into genetic
dilated cardiomyopathy and inflammatory cardiomyopa-
thy groups, the sound speed of myocytes in the dilated
cardiomyopathy group might be clearly demonstrated to
be faster than that of the persistent myocarditis group.
Guidelines of some Associations recommend that 5 to 10
biopsy samples should be obtained to confirm distinctive
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pathological findings, because diseased lesions are not
always included in every specimen [7]. However, we
would emphasize that it is sufficient to evaluate the
change in myocyte sound speed because some specimens
include many myocytes to which are attached abnormal
structural cellular proteins in the case of gene-related
cardiomyopathy. If the sound speeds of myocytes were
too fast, such a sample might include an abnormal cellu-
lar protein which would indicate genetic cardiomyopathy;
in addition, if the sound speeds of biopsied myocytes
indicate mild to moderate escalation, it would be neces-
sary to differentiate acquired cardiomyopathy such as
inflammatory cardiomyopathy from idiopathic dilated
cardiomyopathy.

Laforsch et al. [21] have reported that acoustic micro-
scopy demonstrated altered elasticity of carapace of
Daphnia without major structural change, when guarding
itself against assault by an enemy. The sound speed is a
cell elasticity marker regardless of the presence or ab-
sence of major histological change. This specific marker
has not been used to focus on classification of cardio-
myopathy, because pathological assessment depends on
morphological features, involving immunohistochemis-
try and molecular biological manipulations of the prepa-
rations [22]. Since it had not previously been possible to
visualize sound speed, this modality has not been dis-
cussed in the assessment of cardiomyopathy. The present
manuscript demonstrates that it was possible to evaluate
cell sound speed even if samples were embedded in a
paraffin block. We had confirmed that the sound speed of
frozen myocytes was 1524 + 43 m/sec, and that there-after
the same sample exhibited an almost equal sound speed
(1512 + 14 m/sec) after fixation in 10% formaldehyde.
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However, sound speed of the same myocytes escalated to
1620 £ 182 m/sec after paraffin embedding (unpublished
data). From those data, fresh samples are also more ap-
propriate for evaluation of true cell sound speeds, al-
though care needs to be taken to protect the tissue from
desiccation. In addition, if samples are embedded in a
paraffin block, they need to be compared with normal
samples treated with the same procedure through fixation,
dehydration and embedding in paraffin. The present
acoustic microscopy, in which frequency is 80 MHz,
showed resolution of 15 pum in the axial plane and 18 pm
in the lateral plane. Normal adult cardiac myocytes are
approximately 20 um in width. In the case of cardio-
myopathy, cardiac myocytes often show expansion to
over 50 um in width. The presently employed acoustic
microscopy can clearly separate and assess sound speed
of each myocyte.

Desmin, which belongs to the class of intermediate
filaments, is a key protein of the cell cytoskeleton, be-
cause it connects the contractile apparatus with other
structural elements. In the present study, desmin expres-
sion was increased in the diseased group with escalation
of myocyte sound speed. Also, it was demonstrated that
idiopathic cardiomyopathy resulting from abnormalities
in cell component proteins escalated the sound speed of
myocytes. On the other hand inflammatory cardio-myo-
pathy revealed no significant increase in sound speed if
emergence of desmin occurred, because expression of
basic intra-cellular proteins may have been conserved.
According to the extent of intra-cellular degeneration of
myocytes, cell density may have been modified and
sound speed might thereby be changed.

Many clinical researchers have sought to evaluate car-
diac tissue characterization utilizing integrated backscat-
ter. Several reports have demonstrated diminished cyclic
variation reflecting fibrosis of myocardium in dilated
cardiomyopathy [23-25]. On the other hand, there are
some reports showing that cyclic variation was improved
by several therapies and discussing the diminution of
cardiac fibrosis [26-29]. Naito et al. [30] reported that
cyclic variation had never correlated with cardiac fibrosis
in patients with dilated cardiomyopathy. It is reasonable
to conclude that cyclic variation improved because sound
speeds of myocytes were normalized or restored, and not
because cardiac fibrosis was diminished. The present
study succeeded in demonstrating escalation of cell
sound speed in cardiomyopathy. Diseased myocytes in
gene-related cardiomyopathy may not be able to achieve
complete contraction or relaxation during cardiac cycles
because they have accumulated incomplete functional
proteins. Unfortunately, we could not show a change of
sound speed in myocytes during cardiac contraction to
peak systole and relaxation at end of diastole. Dimin-
ished cyclic variation may perhaps depend on less change

Copyright © 2013 SciRes.

in sound speed during a cardiac cycle because of income-
plete protein content of myocytes. Recently, several re-
searchers have focused on sound speed of living cells
and sought to utilize this technology in several clinical
fields including in vivo tissues and cultured cells [31-33].
If modern technology allows development of the acoustic
microscope system for use in a catheter-based system
such as intracardiac ultrasound, new knowledge may be
obtained regarding cyclic variation of myocyte sound
speed, leading to diagnosis of genetic cardiomyopathy in
Vivo.

In conclusion, idiopathic cardiomyopathy (excluding
inflammatory cardiomyopathy) escalated the sound speed
of myocytes associated with desmin emergence. The
sound speed of myocytes has the potential to be used in
diagnosis of genetic cardiomyopathy.

5. LIMITATION

The present study included the dehydration process to
make paraffin-embedded samples. This process influ-
ences cell elasticity because of loss of water; furthermore
sound speed of target cells should be compared to normal
samples treated with the same dehydration and paraf-
fin-embedding procedure.
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