
Summary. The transport mechanism of soluble
molecules throughout the interstitial matrix is closely
associated with human tumor behavior in vivo. However,
the examination of soluble components in histological
architectures has been hampered by artifacts caused
during conventional tissue preparation. In this study, the
immunodistribution of intrinsic and extrinsic serum
components in tumor tissues was examined in
xenografted human tumor cells using ‘in vivo
cryotechnique’ (IVCT) and cryobiopsy, where target
tissues are directly cryofixed in vivo. Human lung cancer
cells were subcutaneously injected into the dorsal flank
of nude mice, and paraffin sections and cryosections of
produced tumors were prepared with different methods.
Immunolocalization of serum proteins, including
albumin, immunoglobulin G (IgG) and IgM, as well as
intravenously injected bovine serum albumin (BSA) was
examined. Their immunodistribution was more clearly
observed in the interstitium by both IVCT and
cryobiopsy than conventional methods. IgM was
immunolocalized within blood vessels, whereas albumin
and IgG were observed in the tumor interstitium.
Moreover, intravenously injected bovine serum albumin
exhibited leakage from the blood capillaries into
surrounding connective tissues in 24 h, but it gradually
diffused to the interstitium of the tumor masses during 3
days. These results suggest that molecular leakage from
blood capillaries varies significantly in different areas of
developing tumors, and that small serum proteins, but
not large ones, were abundantly immunolocalized in the
tumor interstitium. Both IVCT and cryobiopsy were
found to be useful for immunohistochemical studies of

soluble molecules in tumors with blood circulation, and
may therefore be helpful for further histopathological
analyses.
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Introduction

A complex tumor interstitium has been reported to
be an essential component of expanding tumor masses,
closely associated with various aspects of their
development, progression and metastasis (Bhowmick et
al., 2004; Mueller and Fusenig, 2004). The interstitial
compartments generally have different features distinct
from most normal tissues, such as relatively large
extracellular spaces, various concentrations of matrix
components, high interstitial fluid pressures, and less
developed lymphatic networks (Jain, 1987). An adequate
supply of nutrition for tumor cells through the
vasculature and interstitial matrix is necessary for
continuous tumor growth in vivo (Fukumura and Jain,
2007). The transport mechanism of fluid and soluble
molecules in the interstitial matrix is controlled by the
properties of the interstitial compartments, including
osmotic pressure, and is also determined by factors of
the molecules, such as the molecular weight and charge
(Dellian et al., 2000; Bouzin and Feron, 2007). Such
physicochemical properties have been extensively
examined, depending on the distribution of various
extrinsic molecules circulating in blood vessels (Netti et
al., 2000; Clarijs et al., 2005; Dreher et al., 2006). On the
other hand, the examination of soluble components in
histological structures has been hampered by artifacts
caused during conventional tissue preparation (Zea-
Aragon et al., 2004; Li et al., 2006a; Zhou et al., 2007a).
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Recently, the immunolocalization of native serum
proteins originally derived from blood circulation was
directly studied in the tumor interstitium by our research
group (Ohno et al., 2008), and some factors associated
with molecular transport could modulate their
distribution, and also affect tumor behavior.

Since 1996, our in vivo cryotechnique (IVCT), in
which target animal organs are directly cryofixed using a
liquid isopentane-propane cryogen, has been used for
morphological and immunohistochemical analyses in
various organs of living mice and rats without producing
the technical artifacts caused by the conventional
preparation methods (Ohno et al., 1996, 2004; Terada et
al., 2006a). The IVCT has various technical merits,
including the prevention of tissue-shrinkage, a natural
antigen-retrieval effect, and time-dependent analyses in
the order of seconds (Terada et al., 2006b, 2007; Ohno et
al., 2007). Moreover, it preserves the native distribution
of soluble intra- or extracellular components, such as
glycogen and serum proteins, in living mouse organs
(Ohno et al., 2006; Saitoh et al., 2008), and the
distributions of soluble molecules could be compared
with the histological architecture (Li et al., 2006b; Zhou
et al., 2007b). We recently developed another method
called “cryobiopsy”, with potentially similar technical
merits to IVCT (Fujii et al., 2006), which will be applied
to human tissues in clinical medicine. So, according to
these merits and advances, cryobiopsy has already been
used for morphological and immunohistochemical
analyses of xenografted human lung tumor tissues,
resulting in the demonstration of functional blood
vessels (Ohno et al., 2008). 

In the present study, more detailed immuno-
histochemical analyses of soluble serum proteins in the
xenografted mouse model of human tumor cells were
performed with various cryotechniques, which were then
compared with the conventional preparation method,
such as immersion-fixation followed by dehydration
(IMDH). Furthermore, the time-dependent distribution
of the extrinsic soluble proteins was also examined in
the tumor tissues by immunohistochemistry. 
Materials and methods

Xenografted mouse model of human tumors and BSA
injection at different time-intervals 

The present animal experiment was approved by the
University of Yamanashi Animal Care and Use
Committee. The human lung cancer cells (Lu65, Lu99)
were obtained from the Cell Resource Center for
Biomedical Research of Tohoku University and cultured
following their instructions, as reported previously
(Nakamura et al., 2002). Male BALB/c Slc-nu/nu mice,
aged 7-8 weeks, were purchased from Japan SLC
(Shizuoka, Japan), and approximately 5x106 cells of
each cell line were subcutaneously injected to the dorsal
tissues of each mouse. After the mass volume of the
tumors increased and was estimated to be about 1000

mm3, they were used for the subsequent preparation
steps. In some xenografted mice, 50 µl of 100 mg/ml
BSA with low endotoxin (Sigma, St. Louis, MO, USA)
in sterile saline was injected into the tail veins of each
mouse, which was used in 10 min or 24 h for
cryofixation. In other mice, the same amount of BSA
was serially injected three times into the same tail veins
at intervals of 24 h, 48 h and 72 h before cryofixation. 
Tissue-preparation procedures with various
cryotechniques 

The mice bearing tumors were anesthetized with the
inhalation of diethyl ether. The IVCT was performed by
pouring the isopentane-propane cryogen (-193°C) over
the exposed tumor mass, and the frozen tumor tissues
were routinely obtained with a dental electric drill in
liquid nitrogen, as previously described (Ohno et al.,
2006). The quick-freezing of fresh resected tissues
(FQF) was also done by plunging resected small pieces
of fresh tumors into the isopentane-propane cryogen.
The recently developed cryobiopsy was done, as
described before (Fujii et al., 2006; Ohno et al., 2008).
Briefly, following the exposure of the tumor mass
through an incision of its distant skin area, a small piece
of each tissue part was pinched off with our handmade
cryoforceps, precooled in liquid nitrogen. The tip of the
cryoforceps with the frozen tumor piece was
immediately dipped in the isopentane-propane cryogen.
All cryofixed specimens were routinely freeze-
substituted in acetone containing 2% paraformaldehyde
(Terada et al., 2006b). For the common IMDH, small
pieces of resected tumor tissues were immersed
overnight in 0.1 M phosphate buffer, pH 7.4, containing
2% paraformaldehyde, and then dehydrated in graded
concentrations of ethanol. All the freeze-substituted or
dehydrated specimens were routinely embedded in
paraffin wax or an optimal-cutting temperature (OCT)
compound, as described previously (Ohno et al., 2006).
Immunohistochemistry of intrinsic or extrinsic serum
proteins

Paraffin sections with 3-µm thickness and
cryosections with 6-µm thickness were mounted on glass
slides coated with MAS (Matsunami Glass, Osaka,
Japan). Some paraffin sections were routinely
deparaffinzed and stained with hematoxylin-eosin (HE).
The other deparaffinized sections and cryosections were
rehydrated in phosphate buffered saline (PBS) and
immunostained, as previously described with some
modifications (Ohno et al., 2006). Briefly, the serial
sections for immunoperoxidase staining were first
blocked with 1% hydrogen peroxide in PBS, and all the
sections were incubated in the blocking solution, PBS
containing 2% fish gelatin (Sigma, St. Louis, MO,
USA). They were then incubated in the blocking
solution containing each primary antibody overnight at
4°C, and corresponding secondary antibodies with or
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without TOPRO-3 (Invitrogen, Carlsbad, CA, USA) at
room temperature for 1 h. The primary antibodies were
goat anti-mouse albumin, goat anti-immunoglobulin G1
(IgG1), goat anti-IgM, or sheep anti-bovine serum
albumin (BSA) antibodies (Bethyl Laboratories,
Montgomery, TX,USA), in addition to rabbit anti-actin
(Sigma-Aldrich, Sternheim, Germany) or anti-von
Willebrand Factor (VWF) (Dako Japan, Kyoto, Japan)
antibodies. The secondary antibody for immuno-
peroxidase staining was a biotinylated rabbit anti-goat
IgG (Vector Laboratories, Burlingame, CA, USA), and
other antibodies coupled with Alexa Fluor were obtained
from Invitrogen, Carlsbad, CA, USA, for immuno-
fluorescence staining. For the immunofluorescence
staining of BSA, the primary anti-BSA antibody
treatment was followed by incubation with the
biotinylated donkey anti-sheep IgG antibody (West
Grave, PA, USA), finally visualized by Alexa Fluor 546-
conjugated streptavidin (Invitrogen, Carlsbad, CA,
USA). The diaminobenzidine (DAB) immunoreaction
products were visualized, as described previously (Liao
et al., 2006). The immunostained sections were
embedded in glycerol or Vectashield (Vector
Laboratories), and their micrographs were taken using
either a light microscope (BX-61; Olympus, Tokyo,
Japan) or a confocal laser scanning microscope
(FV1000; Olympus, Tokyo, Japan). 
Results

Immunolocalization of serum proteins in tumor
tissues 

The immunolocalization of albumin, IgG1, or IgM
was first examined in the tumor tissues formed by Lu65
cells and prepared with IVCT. The immunoreactivity of
albumin, IgG1, and IgM was clearly detected in the
blood vessels and connective tissues around the tumor
mass (Fig. 1a-d). In addition, strong immunoreactivity of
albumin and IgG1 was detected at the interstitial areas
among the tumor cells (Fig. 1b,c). Similar immuno-
localization of these serum proteins was observed in the
tumor tissues formed by other Lu99 cells (Fig. 1e-h).
Double-immunofluorescence staining for actin and
albumin confirmed that the immunostaining for albumin
was clearly seen in the extracellular spaces among the
actin-immunopositive tumor cells, including the tumor
blood vessels (Fig. 2a-d). By another double-
immunofluorescence staining for albumin and IgG1,
they were immunolocalized not only in the blood
vessels, but also at the interstitium (Fig. 2e-h). In
contrast, IgM was immunolocalized exclusively in the
tumor blood vessels immunopositive for VWF (Fig. 2i-
l). These findings obtained with IVCT suggest that the
serum proteins with a relatively small molecular weight,
such as albumin and IgG1, are also immunolocalized in
the tumor interstitium, although the larger IgM
molecules are mostly restricted in vivo within the blood
vessels in the tumor tissues of the xenografted mice.

These findings of serum proteins were next
compared to those obtained with other tissue preparation
methods, such as FQF and IMDH. In the tumor
specimens prepared with FQF, both albumin and IgG1
were immunolocalized in the tumor interstitium and in
blood vessels (Fig. 3b,c). Their immunoreactivity was
also seen in the cytoplasm of some Lu65 tumor cells
(Fig. 3b,c). On the other hand, IgM immunoreactivity
was frequently detected not only in the tumor blood
vessels, but also in some interstitial areas among the
tumor cells (Fig. 3d), as compared in Figures 1d and 1h.
Double-immunofluorescence staining for actin and
albumin showed that the latter was mainly
immunolocalized in the tumor interstitium, but partly in
the actin-immunopositive cytoplasm of some tumor cells
(Fig. 3f,h). In contrast, much weaker and more
heterogeneous albumin immunoreactivity was detected
in the tumor tissues prepared with the conventional
IMDH (Fig. 4b). Furthermore, IgG1 immunoreactivity
was slightly detected in some blood vessels, but rarely
outside the blood vessels (Fig. 4c). These findings show
that the immunodistribution of soluble serum proteins
prepared with IVCT could be clearly observed without
the technical artifacts caused by FQF or IMDH, such as
molecular translocation and decreased immunoreactivity. 

The findings obtained with IVCT were also
compared to those with cryobiopsy (Fig. 5). This is
because the cryobiopsy has already been applied for the
pathological examination of xenografted human lung
tumors (Ohno et al., 2008). As shown in Figure 5, the
morphological and immunohistochemical findings
obtained with the cryobiopsy were closely similar to
those with IVCT. The immunoreactivity of albumin,
IgG1, and IgM was clearly detected within tumor blood
vessels and in the connective tissue of the capsule
surrounding the tumor mass, and those of albumin and
IgG1 were also observed in the interstitial spaces (Fig.
5b,c). 
Double-immunofluorescence staining of injected BSA
revealed with IVCT

As already shown by IVCT (Figs. 1, 2) and
cryobiopsy (Fig. 5), the interstitial immunodistribution
of smaller serum molecules, such as albumin and IgG1,
might be attributable to their prolonged homeostatic
exposure in the tumor blood vessels and leakage from
there. Even though such soluble molecules in blood
circulation could enter the interstitial space, they could
steadily flow out, following the gradual decrease of
concentration in the blood vessels. Therefore, the native
immunodistribution of intravenously injected BSA was
examined on cryosections of the Lu99 tumor tissues
prepared with IVCT. We have used the cryosections
instead of the paraffin sections, because BSA
immunoreactivity was much higher in the cryosections.
The immunostaining for BSA was observed in restricted
tissue areas 10 min after the injection (Fig. 6a-e), and
double-immunofluorescence staining with VWF showed
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Fig. 1. Light micrographs of serial paraffin sections
of tumor tissues formed by Lu65 or Lu99 cells, which
were prepared by in vivo cryotechnique (IVCT). The
deparaffinized sections were stained with
hematoxylin-eosin (HE) (a, e) or immunostained for
albumin (b, f), immunoglobulin G1 (IgG1) (c, g) and
IgM (d, h). Both albumin and IgG1 are clearly
immunolocalized in the tumor blood vessels (a-c; e-
g, arrowheads) and also in the interstitium between
the tumor cells (b, c, f, g, small arrows). The IgM is
immunolocalized mainly in the tumor blood vessels
(d, h, arrowheads). All the serum proteins, albumin,
IgG1 and IgM, are also clearly observed in the
connective tissues around the tumor mass (a-h,
large arrows). Bars: a-h, 50 µm; inset, 10 µm.
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Fig. 2. Double-immunofluorescence micrographs for actin and albumin (a-d), albumin and IgG1 (e-h), or von Willebrand Factor (VWF) and IgM (i-l) on
the cryosections of Lu65 tumor cells prepared with IVCT. a-d. Actin immunostaining (green color) is observed in the cytoplasm and along the cell
membrane (a, d, small arrowheads). Albumin immunostaining is mostly detected in the tumor blood vessels (large arrowheads) and the extracellular
areas (b, d, small arrows). e-h. Both albumin and IgG1 are immunolocalized in the blood vessels (large arrowheads) and the interstitium (small arrows),
but the IgG1 immunoreactivity is slightly weaker than that of albumin in the interstitium. i-l. IgM immunostaining is mostly observed in some tumor blood
vessels (arrowheads) immunopositive for VWF (i, l, small arrows). Bars: 20 µm. 
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Fig. 3. Immunolocalization of
serum proteins in the tumor
tissues formed by Lu65 cells,
which were prepared with the
quick-freezing of fresh resected
tissues (FQF). a-d. Light
micrographs of the serial
paraffin sections stained with
hematoxylin-eosin (HE) or
immunostained for albumin (b),
immunoglobulin G1 (IgG1; c)
and IgM (d). Both albumin and
IgG1 are immunolocalized in
the tumor blood vessels (b, c,
arrowheads) and the
interstitium (b, c, large arrows),
as well as in the cytoplasm of
some tumor cells (b, c, small
arrows in insets). IgM
immunoreactivity is also
detected in the interstitium (d,
arrow) in addition to the blood
vessels (d, arrowheads). e-h.
Actin immunofluorescence is
observed in the cytoplasm and
along the cell membrane of the
Lu65 cells (e, h, arrowheads).
Albumin is immunolocalized in
the tumor interstitium and the
cytoplasm of some tumor cells
(f, h, small arrows). All the
serum proteins are also
observed in the connective
tissues around the tumor mass
(a-d, curved arrows). Bars: a-d,
50 µm (insets, 10 µm); e-h, 20
µm. 



that the BSA was mostly immunolocalized in some
blood vessels (Fig. 6e). However, 24 h after the BSA
injection (Fig. 6f-j), BSA immunoreactivity was slightly
detected outside some VWF-immunopositive blood
vessels of tumor tissues (Fig. 6f-j). Another BSA
immunoreactivity was clearly detected in the connective
tissues of the capsule surrounding the tumor mass at this
time-point (Fig. 6g,i). Strong BSA immunoreactivity
was observed in the surrounding connective tissue 2 h
after the injection (data not shown). At 72 h after the
BSA injection (Fig. 6k-o), BSA immunoreactivity was
detected widely outside of the blood vessels throughout
the tumor tissues. We have compared the immuno-
distribution of injected BSA to that of mouse original
serum albumin (Fig. 7). The co-immunolocalization of
BSA and mouse albumin was mainly observed in blood
vessels 10 min after the BSA injection (Fig. 7a-d), but
the BSA immunolocalization turned to be similar to that
of the mouse albumin 72 h after the BSA injection (Fig.
7e-h). These findings confirmed the immunodistribution
of the serum proteins, such as albumin and IgG1, in the
tumor interstitium in addition to blood vessels,
suggesting that the homeostatic exposure of tumor
tissues to the blood circulation may thus maintain the
abundant serum proteins in the interstitial spaces. 
Discussion

In the present study, native immunodistribution of
serum proteins in the tumor tissues was more clearly
observed in the xenografted mouse model of human
tumor cells prepared with IVCT than that obtained by
the conventional preparation methods. For the past
several decades, routine tissue specimens embedded in
paraffin wax were prepared through tissue-resection,
chemical fixation, and dehydration with organic solvents
for the histopathological analyses of human tissues.
Although this preparation procedure is now a well-
established method in the field of human pathology,
technically artificial problems, resulting in molecular
translocation and antigen-masking, obscure the
immunolocalization of serum proteins in histological
paraffin sections (Mason and Biberfeld, 1980). In
addition, routine animal tissue-resection, which has
always been used for human biopsy, causes translocation
of serum proteins to extravascular spaces or intracellular
compartments due to mechanical cutting damage and
anoxic stress of living mouse livers and brains (Zea-
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Fig. 4. Light micrographs of the tumor tissues formed by the Lu65 cells
in serial paraffin sections, prepared with immersion-fixation followed by
alcohol dehydration (IMDH). They were stained with hematoxylin-eosin
(HE, a) or immunostained for albumin (b) and immunoglobulin G1
(IgG1, c). The weaker immunoreactivity of albumin is heterogeneously
detected in the tumor interstitium (b, arrows) and some large blood
vessels (a, b, arrowhead), as compared with that obtained by
cryotechniques (Figs. 1~3). IgG1 immunoreactivity is slightly detected in
only some blood vessels (c, arrowhead), which is different from that
shown in Figures 1c and 3c. Bars: 50 µm.
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Fig. 5. Immunolocalization of serum proteins in the tumor tissues formed by the Lu65 cells and prepared with cryobiopsy (Cb). Their serial sections
were stained with hematoxylin-eosin (HE, a) or immunostained for albumin (b), immunoglobulin G1 (IgG1; c) and IgM (d). b and c. Both albumin and
IgG1 are clearly immunolocalized in the tumor blood vessels (arrowheads) and also in the interstitial matrix between the tumor cells (small arrows).
d. On the other hand, IgM immunostaining is detected mainly in the tumor blood vessels (arrowheads) and the connective tissue of the capsule around
the tumor mass. Other serum proteins, albumin and IgG1, are also observed in the connective tissue around the tumor mass (a-d, large arrows). Bars:
a-d, 50 µm;  inset, 10 µm. 
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Fig. 6. Double-immunofluorescence micrographs of von Willebrand Factor (VWF; green color) and intravenously injected bovine serum albumin (BSA;
red color) 10 min (a-e) and 24 h (f-j) after the injection or at 72 h of the daily BSA injections (k-o), which were obtained with cryosections of the tumor
tissues formed by the Lu99 cells and prepared with IVCT. a-e. BSA immunostaining can be mostly observed in some blood vessels immunopositive for
VWF (a, b, d, e, arrowheads) 10 min after the BSA injection, although it is not detected in the surrounding connectivity tissue of the tumor capsule (b,
d, large arrows). f-j. However, 24 h after one shot of BSA injection, BSA immunoreactivity is slightly detected in the tumor interstitium (g, i, j, small
arrows) as well as the tumor blood vessels (f, g, i, j, arrowheads). It is also strongly detected in the surrounding connective tissue of the tumor capsule
(g, i, large arrows). k-o. BSA immunoreactivity is widely seen in the tumor interstitium (l, n, o, small arrows) outside the blood vessels (k, l, n, o,
arrowheads), and also in the surrounding connective tissue (l, n, large arrows), because of daily injections of BSA during 72 h. Bars: 20 µm.
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Fig. 7. Double-immunofluorescence
micrographs for albumin (a, e, green
color) and intravenously injected
bovine serum albumin (BSA; b, f, red
color) 10 min after the BSA injection (a-
d) and at 72 h of daily BSA injections
(e-h), which were obtained with
cryosections of the tumor t issues
formed by Lu99 cells and prepared by
the IVCT. The albumin is
immunolocalized in the tumor blood
vessels (a, d, e, h, arrowheads), the
interstitium among the tumor cells (a,
d, e, h, small arrows) and the
connective tissue around the tumor
mass (a, d, e, h, large arrows).
Extrinsic BSA immunoreactivity can be
observed mostly in the tumor blood
vessels (b, d, arrowheads) 10 min after
the BSA injection, but 72 h later in both
the blood vessels (f, h, arrowheads)
and the tumor interstitium (f, h, small
arrows), and also the surrounding
connective tissue of the tumor capsule
(f, h, large arrows). Bars: 20 µm.



Aragon et al., 2004; Ohno et al., 2006), as also
demonstrated in the present study of tumor tissues.
However, such technical artifacts can be mostly
prevented by IVCT, because cells and tissues in target
organs of living animal bodies are immediately
cryofixed at the time of freezing in situ. Although the
IVCT is a cryofixation method, which is not designed
for time-lapse imaging, the present results also indicate
that it is more useful to examine the dynamically
changing behavior of both intrinsic and extrinsic soluble
serum proteins in tumor tissues, and to compare them
with functional structures of tumor tissues. The
immunodistribution of serum proteins revealed in this
study may be helpful for the histopathological diagnosis
of native tumors with functional significance and the
determination of drug-delivery systems in the near
future. 

In spite of some distinct advantages as described
above, there has been one drawback associated with
IVCT. The liquid isopentane-propane cryogen (-193°C)
is poured over the total target tissues, resulting in
freezing damage to other adjacent organs in anesthetized
animals. However, the new cryobiopsy, by which a piece
of the target organ is pinched off with a handmade
cryoforceps at -196°C, can prevent such freezing
damage in animal organs (Fujii et al., 2006) and tumor
tissues (Ohno et al., 2008). Conventional immuno-
histochemical techniques have some problems of
molecular diffusion artifact and antigen-masking for the
detection of immunoglobulin in animal organs, which
were already reported in large malignant cells like the
Reed-Sternberg cells of Hodgkin’s lymphoma (Poppema
et al., 1978; Mason and Biberfeld, 1980). However, in
the present study, the clear immunodistribution of serum
proteins in the tumor tissues indicates that IVCT and
cryobiopsy can prevent the technical problems caused by
the conventional preparation methods. The diffusion
artifacts of both albumin and IgG1 were also observed in
tumor cells prepared by FQF (Fig. 3b,c), as previously
described (Ohno et al., 2006; Saitoh et al., 2008).

As shown in the present study, the small serum
proteins, such as albumin (MW, 69kDa) and IgG1 (MW,
150kDa), but not the large molecules, such as IgM (MW,
900kDa), were immunolocalized in most areas of the
tumor interstitial matrix. Moreover, in the normal
interstitial tissues of living mouse ovaries, such
discrepancy concerning the albumin, IgG1 and IgM
distributions was clearly observed, as previously
reported (Zhou et al., 2007a). The molecular weight of
the permeating proteins appears to be one of the factors
affecting the molecular permeability from the blood
vessels into the interstitial spaces of tumor tissues, in
addition to other factors, such as the composition of
extracellular matrices and abnormally elevated
interstitial fluid pressures (Yuan et al., 1995; Netti et al.,
2000; Pluen et al., 2001; Dreher et al., 2006; Bouzin and
Feron, 2007). The different immunodistribution of serum
proteins in tumor tissues, as clearly revealed with both
IVCT and cryobiopsy, appeared to depend on differences
of their molecular weights. Our results also indicated

that the amount of large serum proteins, such as IgM,
was kept low in the interstitial matrix even after constant
exposure to the vascular plasma containing IgM. 

The time-dependent immunolocalization of injected
BSA was revealed within the tumor tissues, as prepared
by the IVCT. The injected BSA was mostly
immunolocalized within blood vessels in the tumor mass
and the capsular connective tissue 10 min after the
injection, but later it was diffusely immunolocalized in
the surrounding connective tissue and a fraction of the
interstitium in the tumor mass. Some previous studies
reported that BSA leaked out into the interstitial spaces
within 1 h, using live-imaging with intravital or a
confocal laser scanning microscope (Jain, 2001; Clarijs
et al., 2005). Small amounts of molecules may be
difficult to visualize on histological sections by
immunohistochemistry. However, because different
intensities of immunoreactivity in a single histological
section usually depend on the relative amount of active
antigen sites, our findings suggest that the permeability
of blood vessels in the tumor tissue is distinct from that
in the surrounding connective tissue of the tumor
capsule, which would partly depend on the molecular
structure of blood vessels (Tilki et al., 2007; Ohno et al.,
2008). In fact, we have detected abundant
immunolocalization of BSA in the connective tissue of
the tumor capsules 24 h after the BSA injection, as
shown in Figure 6g. In addition, 72 h after the BSA
injection, BSA immunolocalization was more clearly
detected in the interstitium of the tumor tissue, as shown
in Figure 6l. The repeated injection of BSA induced the
accumulation of BSA in the blood circulation, thus
causing the prolonged exposure of the tumor mass to
higher concentrations of BSA over a few days, resulting
in the increased concentration of leaked BSA in the
tumor interstitium. The clear BSA immunolocalization
revealed with the IVCT also suggests that it could be
used for examination of the native distribution of
functional drug-macromolecule conjugates in different
tissue areas of various animal tumors.

In conclusion, the immunolocalization of serum
proteins in the tumor interstitium was more clearly
observed by both IVCT and cryobiopsy, without
molecular translocation, which was inevitable by the
conventional preparation methods. Large serum proteins
were immunolocalized within the tumor blood vessels,
whereas smaller ones were abundantly immunolocalized
in the tumor interstitium, as revealed by the IVCT.
Moreover, the intravenously injected BSA exhibited
distinct immunolocalization in the tumor tissue and
surrounding connective tissues, and the BSA
immunoreactivity gradually increased in the tumor
interstitium over a period of 72 h. These findings suggest
that the molecular transport and/or passive distribution
mechanisms from blood circulation are different in
various areas of the tumor tissues. Furthermore, both
IVCT and cryobiopsy are helpful for carrying out further
studies on the native molecular distribution in the tumor
interstitium, and also for performing histopathological
diagnoses in clinical medicine in the near future. 
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