
exhibits mild HPA (120-1000 nmol/mL) and in those
who have it about 35% of PHA activity remains4.
HPA in variant PKU is caused by BH4 deficiency.
Prevalence of the two former types is considered to be
among 98% of cases and that of variant PKU is 2%2.
Although the BH4 loading test2, 4 was not performed,
we considered that our patient had classic PKU given
the evidence such as his higher plasma Phe concen-
tration (>1000 nmol/mL) and the fact that the
worldwide prevalence of BH4 is low.
A significant observation of this patient is that

he had normal melanin (a polymer of Tyr) metabolism
as observed from his hair pigmentation. His plasma
Tyr which came directly from food and not from Phe,
was 26 nmol/mL (65% of the lower limit) that capable
of fulfilling the melanin synthesis. In addition, serum
concentrations of albumin (Genbank accession
number: AAA98797), TTR (NP_000362), RBP
(NP_006735), and TRF (AAA 61140), which respec-
tively comprised 18, 20, 8, and 26 mol of Tyr12, were
all observed as within the normal limit. Tyr is also
indispensable for the configuration of tetrameric
TTR13. Other defected amino acids (i.e., Val, Ile, Leu,
and Trp) in the patient were necessary for the synthesis
of somatic and visceral protein. At this time, we
conclude that melanin metabolism and protein
nutriture were barely maintained by such levels of
amino acids. However, a close relationship between
plasma amino acid levels and serum albumin, together
with rapid turnover proteins (i.e., TTR, RBP, and
TRF) was left to be further investigated in the 49
patients. It will be reported in the future.
Individuals with classic HPA are reported to

tolerate less than 300 mg/day of dietary Phe, but our
patient had been taking intolerable amounts of Phe (ca.
600 mg/day)1, 2. Therefore, to prevent further disease
progression, dietary management, i.e., dietary restric-
tion of Phe, must be started for the patient while
ensuring that he does not succumb to protein malnu-
trition, because almost all meat foodstuff and dairy
products are composed of equimolar Tyr to Phe.
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1. Introduction

Glutaraldehyde and osmium tetroxide solutions are
the most commonly used means of fixation in
scanning electron microscopy (SEM).
In the present study, cells were photographed in a

Papanicolaou (Pap) - stained specimen and were then
transferred in order to determine whether their surface
structures were observable by SEM. Cell transfer was
initially performed by scraping cells smeared on a
preparation and transferring them to a different prepa-
ration. This method is used to repair broken specimens
and return them to their original state. Surface struc-
tures were observed with this method. The present
study introduced our method and experience, which

have not yet been published in Japan.

2. Materials and Methods

Written informed consent was obtained from all
volunteers, and our study was conducted in compli-
ance with the rules for human experimentation at our
institution.
Definitely diagnosed carcinoma of the breast,

papillary adenocarcinoma of the thyroid, and adeno-
carcinoma (pleural effusion) were used.
1) After photographs has been taken, Pap-stained
preparations were immersed in xylene, the cover
glasses were removed, and Entellan new mounting
agent was applied to the surfaces on which cells were

Int J Anal Bio-Sci Vol. 3, No 2 (2015)

1Fujita Health University School of Health Sciences,
Toyoake, Aichi 470-1192, Japan
2Kitasato Junior College of Health and Hygienic Sciences,
500 Kurotsuchishinden, 
Minamiuonuma City, Niigata 949-7241, Japan 
3Shiga University of Medical Science, Otsu, Shiga 520-
2192, Japan

Received for Publication  February 23, 2015
Accepted for Publication  April 27, 2015

Address reprint requests to: Chiyuki Kaneko, Ph.D.
Fujita Health University School of Health Sciences,
Toyoake, Aichi 470-1192, Japan

－ 37 －

Observation of surface structures using cell transfer from
Papanicolaou-stained preparation 

Chiyuki Kaneko1, Yoshimitsu Kato1, Takamasa Yanagida1, Masato Abe1

Yuuko Kosuge2 and Muneo Iwai3

Summary Glutaraldehyde and osmium tetroxide are used in scanning electron microscopy for
fixation, and cells are observed following the completion of various steps.  This technique is

routinely employed to observe cell surfaces, and is particularly useful for the diagnosis of hairy cell

leukemia.  Cell transfer is performed by scraping cells smeared on a preparation and transferring them

to a different preparation.  In the present study, cells were transferred from a Papanicolaou-stained

specimen, and were observed using scanning electron microscopy.
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smeared. 2) The slide glasses were maintained in a
horizontal position at 37℃ overnight in order to
solidify the mounting agent. 3) The slide glasses were
placed in a 50℃ hot bath for approximately 2 hours,
and the softened mounting agent was peeled off using
a knife and forceps. 4) Self-made film slides (blue
slides prepared by cutting an X-ray film into the size
of a slide glass and removing the X-ray-sensitive
film), and the cells that adhered to the mounting agent
were transferred to a blue slide for scanning electron
microscopy. 5) The regions containing the target cells
were cut out using a utility knife into small pieces (2-
3 mm) and placed on a blue slide. 6) The blue film
was extended in a hot bath and dried on an extender
for approximately 1 hour to complete cell transfer. The
remaining region was similarly dried using an
extender, Entellan new mounting agent was removed
using xylene, and the sample was mounted following
the standard procedure to preserve preparations. 7) The
blue slides were placed in xylene/100% alcohol, 100%
alcohol, 100% alcohol, and t-butyl alcohol in this
order, with 2 exchanges of the solution every 30
minutes. 8) t-Butyl alcohol was added to a level that
completely immersed the sample, followed by freezing
in a refrigerator. 9) The samples were dried at 0-5℃ in
a t-butyl alcohol freeze dryer. 10) The sample was
placed on the stage, metal-coated, and observed by
SEM.

3. Results

Clusters of breast adenocarcinoma cells were
clearly observed under light microscopy (LM). Tumor
cell cytoplasm was strongly stained light green (Fig.
1). SEM revealed that the surface (Fig. 1) was
covered with globular processes (Fig. 2).
Papillary adenocarcinoma of the thyroid had a

high N/C ratio under LM and intranuclear cytoplasmic
inclusion (Fig. 3) and grooves were also present.
Regarding the surface structure of papillary adeno-

carcinoma of the thyroid, intranuclear cytoplasmic
inclusions were slightly concave under SEM, as shown
in Figure 4.
Under LM, adenocarcinoma cells in coelomic

fluid formed aggregates in many cases. As shown in

Figure 5, the N/C ratio of these malignant cells was
high, the chromatin pattern was coarsely granular,
and nucleoli were clearly observed.
Figure 6 shows that, under SEM, the surface of

adenocarcinoma cells was covered with long, narrow
microvilli.

4. Discussion

Samples for scanning electron microscopy are
generally prepared by double fixation with glutaralde-
hyde and osmium tetroxide. In the present study, we
transferred cells from Pap-stained preparations to
other slides (custom-made blue slides), subsequently
performed various processes, and then observed the
samples using SEM. Brown et al.1 reported methods to
restore preparations on broken slide glasses while
Sherman et al.2 described various immunostaining
methods that are applicable for cell transfer, in which
cells are transferred to another slide glass. In our
method, the cover glass was removed from a Pap-
stained preparation, and cells were transferred to self-
made film slides. Various procedures were employed,
and the preparations were observed using scanning
electron microscopy. Kaneko et al.3 previously
reported a light microscopic-scanning-transmission
electron microscopic method, i.e., a continuous obser-
vation method4.
In these methods, cells were smeared on a blue

slide, followed by fixation with glutaraldehyde and
Pap staining. After light microscopic photographs
had been taken, the cover glass was removed, the
blue slide was cut into 4-mm square pieces using a
utility knife, treated with various processes, and
observed using scanning and transmission electron
microscopy. They stated that the surface structure
and cytoplasmic organelles of adenocarcinoma cells
were clearly observed. Kobayashi et al.5 also obtained
favorable results with bar-shaped chromatin and
adenocarcinoma cells.
An application of this technique has been the

observation of columnar epithelial cells in natural
urine, namely, hyaline casts, granular casts, red blood
cell casts, white blood cell casts, and fatty casts.
The observation of columnar epithelial cells,
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Fig. 1 Breast cancer.
A cluster of tumor cells was observed (arrow).

(Pap stain  x200)

Fig. 2 Scanning electron micrograph of Figure 1.
The surfaces of tumor cells were covered with 
globular processes (arrow). (SEM  x1,500)

Fig. 3 Papillary adenocarcinoma of the thyroid.
An intracytoplasmic nuclear inclusion was 
observed (arrow). (Pap stain  x500)

Fig. 4 Scanning electron micrograph of Figure 3.
A slight nuclear elevation was observed (arrow).

(SEM  x1,000)

Fig. 5 Adenocarcinoma cell of effusion. 
A cluster of tumor cells was observed. Tumor 
cells had oval nuclei and distinct nucleoli.

(Pap stain  x300)

Fig. 6 Scanning electron micrograph of Fig. 5.
The surfaces of tumor cells were covered with 
many microvilli (arrowheads).  (SEM  x500)



except for hyaline casts, is important as it indicates
renal parenchymal lesions. Furthermore, the identifi-
cation of columnar epithelial cells is possible through
observations of the surface structure, and has been
used to diagnose glomerulonephritis.
Difficulties have been associated with identifying

the cells in the body cavities of cancer patients. The
results of the present study suggest that LM-SEM is of
diagnostic value because it is capable of distinguishing
between mesothelial cells, malignant mesothelioma,
and adenocarcinoma cells. It is desirable for LM and
SEM observations to be introduced into various
clinical aspects in order to improve diagnoses by
cytologic examinations, assess therapeutic effects,
decide appropriate drug selection, and perform
prognostic presumptions.

We observed the surface structures of transferred
cells and obtained favorable results, which confirmed
that cells were transferable from Pap-stained prepa-
rations. We intend to investigate the application of this
method in other fields in future studies.
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