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of crowded area; 5 = >75%-100% of crowded 
area/HPF.

Vessel density in lung parenchyma

The procedure and protocol for identification of 
small vessel in lung parenchyma were basic on 
our previous reports [27, 29, 31]. In details, IHC 
staining of small blood vessels was performed 
with α-SMA (1:400, Abcam) as primary anti-
body at room temperature for 1 hour, followed 
by washing with PBS thrice. Ten minutes after 
the addition of anti-mouse-HRP conjugated 
secondary antibody, the tissue sections were 
washed with PBS thrice. Then 3,3’ diaminoben-
zidine (DAB) (0.7 gm/tablet) (Sigma) was added, 
followed by washing with PBS thrice after one 
minute. Finally, hematoxylin was added as a 
counter-stain for nuclei, followed by washing 
twice with PBS after one minute. Three lung 
sections were analyzed in each mouse. For 
quantification, three randomly selected HPFs 
(100×) were analyzed in each section. The 
mean number per HPF for each animal was 
then determined by summation of all numbers 
divided by 9.

Statistical analyses

Quantitative data were expressed as mean ± 
SD. Statistical analysis was performed by 
ANOVA followed by Bonferroni multiple-compar-
ison post hoc test. All analyses were conducted 
using SAS statistical software for Windows ver-
sion 8.2 (SAS institute, Cary, NC). A probability 
value <0.05 was considered statistically 
significant.

Results

Pathological findings of the lung parenchyma 
by day 28 after HCC cell implantation (Figure 
1)

The final body weight was significantly lower in 
groups 2 and 3 than in group 1 (SC), but it 

showed no difference between groups 2 (i.e., 
RFP-N1S1 only) and 3 (RFP-N1S1+ patient’s 
Lc-MPs). The total wet lung weight was signifi-
cantly higher in group 3 than that in groups 2 
and 1, and significantly higher in group 2 than 
that in group 1. Besides, IVIS examination dem-
onstrated a more disseminated red fluorescent 
intensity in the lung parenchyma of group 3 as 
compared with that of group 2. Moreover, the 
gross anatomy showed a more diffuse and 
extensive tumor growth in group 3 than that in 
group 2. These finding suggested that MPs aug-
mented the growth of the HCC cells (i.e., RFP-
N1S1) with the lung parenchyma.

Histopathological findings of lung parenchyma 
and small blood vessels by day 28 after HCC 
cell implantation (Figures 2 and 3)

Light microscopic findings after H&E staining 
demonstrated that the number of alveolar sacs 
was significantly lower in group 3 than that in 
groups 1 and 2, and significantly lower on group 
2 than that in group 1 (Figure 2). Conversely, 
the lung parenchyma was most crowded in 
group 3 and significantly more crowed in groups 
2 than that in group 1 (Figure 2). Additionally, 
the number of small vessels in lung parenchy-
ma was significantly higher in group 3 than in 
groups 1 and 2, and significantly higher in group 
2 than in group 1 (Figure 3). These finding impli-
cated that that MPs enhanced angiogenesis/
neovasculogenesis for tumor growth.

The IHC and IF staining for identification of cell 
markers in lung parenchyma by day 28 after 
HCC cell implantation (Figures 4-6)

IHC microscopy showed that the number of 
CD34 positively-stained cells in lung parenchy-
ma, an indicator of endothelial progenitor cell 
(EPC), was significantly higher in group 3 than 
that in groups 1 and 2, and significantly higher 
in group 2 than that in group 1 (Figure 4A-D). 
Consistently, IF microscopy revealed that the 

Figure 5. IHC and IF staining for identification of stem cells and endothelial cell marker in lung parenchyma by day 
28 after HCC cell implantation. A-C. Immunohistochemical (IHC) microscopic finding (200×) for identification of 
c-Kit+ cells (gray color). D. Analytical results of number of c-Kit+ cells, * vs. other groups with different symbols (†, 
‡), p<0.0001. E-G. Immunofluorescent microscopic finding (200×) for identification of vascular endothelial growth 
factor (VEGF)+ cells (green color) (red color indicated implanted HCC cells). H. Analytical results of VEGF+ cells, * 
vs. other groups with different symbols (†, ‡), p<0.0001. The scale bars in right lower corner represent 50 µm. All 
statistical analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test. 
Symbols (*, †, ‡) indicate significance (at 0.05 level). SC = sham control; HC = hepatoma cell; HC-LcD-MPs = hepa-
toma cell + lung cancer-derived microparticles.
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Figure 6. IHC and IF staining for identification of stem cells and endothelial cell marker in lung parenchyma by day 
28 after HCC cell implantation. A-C. Immunohistochemical (IHC) microscopic finding (200×) for identification of 
cytokeratin (CK)-19+ cells (gray color). D. Analytical results of number of CK 19+ cells, * vs. other groups with differ-
ent symbols (†, ‡), p<0.0001. E-G. Immunofluorescent (IF) microscopic finding (200×) for identification of vimentin+ 
cells (green color) (red color indicated implanted HCC cells). H. Analytical results of vimentin+ cells, * vs. other 
groups with different symbols (†, ‡), p<0.0001. The scale bars in right lower corner represent 50 µm. All statistical 
analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test. Symbols (*, 
†, ‡) indicate significance (at 0.05 level). HPF = high-power field; SC = sham control; HC = hepatoma cell; HC-LcD-
MPs = hepatoma cell + lung cancer-derived microparticles.

Figure 7. Protein expressions of apoptotic and anti-apoptotic biomarkers in lung parenchyma by day 28 after HCC 
cell implantation. A. Protein expression of Bax, * vs. other groups with different symbols (†, ‡), p<0.001. B. Protein 
expression of cleaved caspase 3 (c-Casp3), * vs. other groups with different symbols (†, ‡), p<0.0001. C. Protein 
expression of poly (ADP-ribose) polymerase (PARP), * vs. other groups with different symbols (†, ‡), p<0.0001. D. 
Protein expression of Bcl-2, * vs. other groups with different symbols (†, ‡), p<0.0001. All statistical analyses were 
performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test. Symbols (*, †, ‡) indicate 
significance (at 0.05 level). SC = sham control; HC = hepatoma cell; HC-LcD-MPs = hepatoma cell + lung cancer-
derived microparticles.
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number of cells positively-stained for CXCR4, 
another indicator of EPC, exhibited a pattern of 
expression identical to that of CD34+ cells 
among the three groups in lung parenchyma 
(Figure 4E-H).

Besides, IHC staining also demonstrated that 
the number of cells positively stained for c-Kit, 
a stem cell surface marker, was significantly 
higher in group 3 than that in groups 1 and 2, 
and significantly higher in group 2 than that in 

group 1 (fiurev 5-A to 5-D). Similarly, IHC micros-
copy demonstrated that the number of cells 
positively-stained for VEGF, a marker index of 
endothelial cell, displayed an identical pattern 
of expression compared to that of c-Kit among 
the three groups (Figure 5E-H).

In addition, IHC microscopy revealed that the 
number of positively-stained cells positive for 
cytokeratin 19 (CK 19), a prognostic marker of 
HCC, was significantly higher in group 3 than 

Figure 8. Protein expression of fibrotic and anti-fibrotic biomarkers in lung parenchyma by day 28 after HCC cell 
implantation. A. Protein expression of phosphorylated (p)-Smad3, * vs. other groups with different symbols (†, ‡), 
p<0.0001. B. Protein expression of transforming growth factor (TGF)-β, * vs. other groups with different symbols 
(†, ‡), p<0.0001. C. Protein expression of p-Smad1/5, * vs. other groups with different symbols (†, ‡), p<0.0001. 
D. Protein expression of bone morphogenetic protein (BMP)-2, * vs. other groups with different symbols (†, ‡), 
p<0.0001. All statistical analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison 
post hoc test. Symbols (*, †, ‡) indicate significance (at 0.05 level). SC = sham control; HC = hepatoma cell; HC-LcD-
MPs = hepatoma cell + lung cancer-derived microparticles.
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that of groups 1 and 2 and significantly higher 
in group 2 as compared with that in group 1 in 
lung parenchyma (Figure 6A-D). Moreover, IF 
microscopy showed that the number of cells 
positive for vimentin, a potential factor of 
metastasis in HCC34, exhibited a pattern identi-
cal to that of CK+ cells among the three groups 
(Figure 6E-H).

The protein expressions of apoptotic and anti-
apoptotic biomarkers in lung parenchyma by 
day 28 after HCC cell implantation (Figure 7)

The protein expressions of Bax, c-Casp 3, and 
c-PARP in lung parenchyma, three indices of 
apoptosis, were significantly higher in group 3 
than those in groups 1 and 2, and significantly 

Figure 9. Protein expressions of angiogenesis biomarkers and PTEN in lung parenchyma by day 28 after HCC cell 
implantation (Figure 9). A. Protein expression of CXCR4, * vs. other groups with different symbols (†, ‡), p<0.001. B. 
Protein expression of stromal cell-derived factor (SDF)-1α, * vs. other groups with different symbols (†, ‡), p<0.0001. 
C. Protein expression of vascular endothelial growth factor (VEGF), * vs. other groups with different symbols (†, ‡), 
p<0.001. D. Protein expression of PTEN, * vs. other groups with different symbols (†, ‡), p<0.001. All statistical 
analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test. Symbols (*, 
†, ‡) indicate significance (at 0.05 level). SC = sham control; HC = hepatoma cell; HC-LcD-MPs = hepatoma cell + 
lung cancer-derived microparticles.



Microparticles enhance hepatoma angiogenesis and growth

1315	 Am J Transl Res 2016;8(3):1302-1318

higher in group 2 than those in group 1. On the 
other hand, the protein expression of Bcl-2, an 
index of anti-apoptosis in lung parenchyma, dis-
played an opposite pattern of expression com-
pared to that of apoptosis markers in all groups.

The protein expression of fibrosis and anti-
fibrosis biomarkers in lung parenchyma by day 
28 after HCC cell implantation (Figure 8)

The protein expressions of p-Smad3 and TGF-β 
in lung parenchyma, two indicators of fibrotic 
markers, were significantly higher in group 3 
than those in groups 1 and 2, and significantly 
higher in group 2 than those in group 1. Co- 
nversely, the protein expressions of p-Smad1/5 
and BMP-2 in lung parenchyma, two anti-fibro-
sis biomarkers, showed an opposite expression 
pattern compared to that of apoptosis markers 
among the three groups.

The protein expressions of angiogenesis bio-
markers and PTEN in lung parenchyma by day 
28 after HCC cell implantation (Figure 9)

The protein expression of CXCR4, SDF-1α, and 
VEGF, three indicators of angiogenesis, were 
significantly higher in group 3 than those of 
groups 1 and 2, and significantly in group 2 
than those in group 1 in lung parenchyma. 
Additionally, the protein expression of PTEN in 
lung parenchyma, a tumor suppression gene, 
exhibited an identical pattern of expression 
compared to that of angiogenesis markers 
among the three groups. This finding (i.e., an 
unregulation of PTEN in group 2 and especially 
in group 3) might imply an intrinsic response to 
HCC growth in the lung.

Discussion

This study, which investigated the impact of 
Lc-MPs from patients on enhancement of 
angiogenesis and tumor growth in an animal 
model to mimic the clinical setting of HCC 
metastasis to lung, yielded several striking 
implications. First, the animal model demon-
strated that HCC cells successfully survived 
and grew in the lung parenchyma to serve the 
purpose of this study. Second, the results of 
the present study demonstrated that Lc-MPs 
from patients augmented growth of HCC in lung 
parenchyma. Third, Lc-MPs enhanced the 
expressions of EPC and angiogenesis biomark-
ers in the lung parenchyma.

One essential finding in the present study is 
that by day 28 after administration of HCC cell 
line, IVIS (i.e., live image) showed that the red 
fluorescence was found to be diffusely distrib-
uted in the lung parenchyma in the HCC cell 
line-treated group and more extensively spread 
in the lung parenchyma of the HCC cell line + 
MPs treatment group. The findings not only con-
firmed that the implanted tumor cells grew well 
in the lung parenchyma, but also supported 
that MPs treatment enhanced tumor growth 
and the spread of tumor cells within the lung 
parenchyma.

Another essential finding was that the total 
body weight was significantly lower in groups 2 
and 3 than in group 1. However, when com-
pared with the SC group, the total lung weight 
was substantially increased in the HCC cell line-
treated group and further substantially elevat-
ed in the HCC cell line + MPs treatment group. 
Additionally, gross pathological examination 
(Figure 1F-H) revealed that tumor grew more 
extensively in the HCC cell line + MPs treatment 
group than that in the HCC cell line-treated 
group. These findings once again implicate that 
tumor grew more rapidly and widespread in ani-
mals with MPs treatment compared to those 
without. Previous studies have clearly shown 
that increased tumor size is significantly relat-
ed to worse overall survival [32, 33]. Intriguingly, 
we have previously shown that increased circu-
lating level of MPs was predictive of poor prog-
nostic outcome in patients with non-small cell 
lung cancer [26]. Moreover, our previous experi-
mental study [27] has further demonstrated 
that Lc-MPs treatment enhanced angiogenesis 
and restored blood flow in a rat model of limb 
ischemia. These findings [26, 27, 32-34], there-
fore, suggest that MPs may be associated with 
a poor prognostic outcome in patients with 
HCC.

Angiogenesis has been identified to be an 
essential contributor to cancer cell differentia-
tion, proliferation, invasion, and metastasis 
[35-37]. Additionally, hyper-vascularity has 
been demonstrated to be an important predic-
tor of poor prognostic outcome in patients with 
HCC [38]. Furthermore, a body of evidence has 
demonstrated that cancer stem cell/EPCs were 
strongly associated with poor responses to 
chemotherapy in various types of cancers [39-
41]. A principal finding in the present study is 
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that the protein expressions of angiogenesis 
factors in the lung parenchyma were signifi-
cantly enhanced in the HCC cell line-treated 
animals and further significantly enhanced in 
HCC cell line + MPs-treated animals than those 
in the normal controls. Besides, the expression 
pattern of EPCs was consistent with the protein 
expression of angiogenesis biomarkers among 
the three groups. Based on the results of our 
previous experimental study and those from 
others [34-41], we propose that MPs may par-
ticipate in the proliferation, growth, and metas-
tasis of HCC in human beings. Therefore, circu-
lating level of MPs may be a prognostic factor 
for patients with HCC.

Previous studies have shown that over-expres-
sions of CK19 [42, 43] and vimentin [44] were 
significantly associated with poor prognostic 
outcomes in patients with HCC regardless of 
the treatment strategies. Interestingly, the 
expressions of these two parameters were 
remarkably augmented in HCC cell line-treated 
group and further enhanced in the HCC cell line 
+ MPs-treated group compared with those in 
normal controls. In addition, the protein expres-
sion of PTEN, an important tumor suppressor, 
was markedly enhanced in HCC cell line + MPs 
treatment group than in the other two groups, 
suggesting an intrinsic response against to 
tumor growth and spread in lung parenchyma. 
These findings, once again suggest that MPs 
are associated with a bad prognostic outcome 
in the setting of HCC.

Intriguingly, the protein expressions of apopto-
sis markers were found to be markedly 
increased in HCC cell line-treated group and 
further enhanced in the HCC cell line + MPs-
treated group compared to those in the normal 
controls. On the other hand, the protein expres-
sion of anti-apoptosis markers displayed an 
opposite pattern compared to that of apoptosis 
markers. These findings may reflect an imbal-
ance between blood supply and demand from 
tumor overgrowth that caused tumor cell death 
and necrosis.

This study has limitations. First, this study did 
not provide evidence regarding whether the 
HCC had intra-pulmonary and or distal metas-
tasis. Second, this study did not measure the 
arterial oxygen saturation in the animals so 
that the possible impact of hypoxia on animals 

with or without MPs treatment was not evalu- 
ated.

In conclusion, the results of the present study 
supported that MPs may play an important role 
in tumor growth, differentiation, and angiogen-
esis. The preclinical findings may encourage 
the use of circulating MPs level as a useful 
prognostic indicator for patients with HCC.
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