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significance was calculated by using Mann—Whitney U test for
comparison between 2 groups or by the Kruskal-Wallis test,
followed by the Steel-Dwass test for multiple comparisons.
Statistical analysis was performed with the Microsoft Excel
software program with the add-in software Statcel3 (OMS,
Japan). P<0.05 was considered statistically significant.

Results
TAM-A Is Dominantly Secreted From CPCs

Previously, we have shown that the injection of CPCs reduces
infarct size and restores cardiac function in comparison with
the injection of BMs, SMs, and AMCs and that the beneficial
effects are mediated not only by cardiomyogenesis but also
by angiogenesis and antiapoptosis effects.* This suggests that
some of the humoral factors released from CPCs, but not from
BMs, SMs, and AMCs, play an important role. When the
quantity of secreted proteins from CPCs, BMs, SMs, and
AMCs was measured by using a cytokine antibody array, CPCs
secreted JAM-A, VCAM-1, and granulocyte-colony stimulating
factor more than twice as much as did BMs, SMs, and AMCs
(Table 2; total dataset presented in Table 3).

Soluble JAM-A Protein and CPC Conditioned
Medium Prevent Transendothelial Migration of
Neutrophils

Recently, it was reported that JAM-A is constitutively released
from endothelial cells and epithelial cells via proteolytic
shedding and inhibits neutorophil migration.® Therefore, we
examined whether CPC CM inhibits migration of neutrophils
through HUVEC-coated transwell filters toward the chemo-
attractants. TNFo induced a significant increase in the number
of transmigrated neutrophils in comparison with control
(control, 6.7£0.33; TNFa, 15+1.8: Figure 2A). Preincubation
of neutrophils with JAM-A Fc (4.740.67) or CPC CM
(8.340.88) significantly inhibited transendothelial migration
toward TNFa (Figure 2A). It has been reported that cardio-
myocytes release neutrophil chemoattractant such as
interleukin (IL)-8 under hypoxia.'* Hypoxia-exposed cardio-
myocytes CM induced a significant increase in the number of
transmigrated neutrophils in comparison with control (control,
7.7+0.88; hypoxia CM, 27+41.2: Figure 2B). Preincubation of
neutrophils with JAM-A Fc (6.040.58) or CPC CM (7.0£1.2)
significantly inhibited transendothelial migration stimulated by
hypoxia-exposed cardiomyocyte CM (Figure 2B). When CPC
CM was pretreated with neutralizing anti-JAM-A antibody, the
inhibitory effect of CPC CM on neutrophil migration under
the stimulation with TNFo and hypoxia-exposed cardiomyo-
cyte CM was significantly attenuated (TNFo, 8.74+0.33; Figure
2A: hypoxia CM, 1340.33; Figure 2B). This suggests that
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Figure 2. Soluble JAM-A and CPC CM inhibit transendotherial
migration of neutrophils. Neutrophils were pretreated at 37°C for
10 minutes with JAM-A Fc (10 pg/mL), CPC CM, or CPC CM with
anti-JAM-A antibody (1 pg/mL). Neutrophils were allowed to
migrate across HUVECs in response to TNFo (A) or hypoxia-
exposed cardiomyocytes CM (B) for 3 hours. Mean+SEM of 3
experiments. For statistical analysis, 1-way ANOVA-Tukey—
Kramer post hoc test was performed. Significant differences
between control and stimulated groups are shown by asterisks
(**P<0.01). Additional statistical comparisons are indicated by
lines and number signs (**P<0.01). CM indicates conditioned
medium; CPC, cardiac progenitor cell; HUVEC, human umbilical
vein endothelial cell; JAM-A, junctional adhesion molecule-A; TNF,
tumor necrosis factor.

soluble form of JAM-A released from CPCs may play an
important role in prevention of inflammatory response in
ischemic myocardium through the inhibition of the extrava-
sation of neutrophils.

Injection of CPCs Prevents Neutrophil
Accumulation Through Secreted JAM-A
Next, we examined whether the injection of CPCs reduces
accumulation of neutrophils after MI. Immunohistochemical
images of the injured myocardium 1 day after M| revealed
that fewer Ly6G-positive neutrophils were observed in
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Figure 3. Injection of CPCs prevents neutrophil accumulation in ischemic myocardium. A, Immunohis-
tochemical images of infarct area stained with anti-Ly6G antibody on 1 day after Ml. Mouse was treated
with PM or CPC+PM. Ly6G and nuclei are shown in green and blue, respectively. Morphology of tissue is
shown in nonspecific green fluorescence. Bars were 0.2 mm. B, Quantification of neutrophil accumulation in
the infarct area of PM- and CPC+PM-treated mice. To obtain the number of Ly6G-positive neutrophils /mm?
in infarct area, 2 heart sections at papillary muscle level were examined per mouse. An average of values
obtained from 3 mice for each group was presented. Asterisks denote statistical significant differences
between PM- and CPC+PM-treated groups after Student ¢ test ("*P<0.01). C, Representative dot plots from
PM- or CPC+PM—treated MI hearts. Cell suspensions from PM- or CPC+PM-treated Ml hearts were stained
with anti-Ly-6G and anti-CD45 antibodies. Dot plots from a typical experiment of 2 performed are shown.
CPC indicates cardiac progenitor cell; FITC, fluorescein isothiocyanate; Ml, myocardial infarction.
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Figure 4. Knockdown of JAM-A attenuates CPC-mediated inhibitory effect on neutrophil accumulation. A,
Transplantation of CPCs (CPC+PM) but not CPCs transfected with JAM-A siRNA (JAM-AsiCPC+PM) reduced
relative expression level of Ly6G mRNA. RNA was extracted from left ventricle at 1 day after MI. Expression level
was shown as fold changes relative to sham operated mouse using delta delta CT method: sham, n=6; PM, n=7;
CPC+PM, n=6; JAM-AsiCPC+PM, n=5. The Kruskal-Wallis test, followed by the Steel-Dwass test was used for
statistical analysis. Asterisks above individual columns indicate significant difference compared with sham.
Asterisks above a line spanning 2 columns indicate significant difference between 2 groups (*P<0.05). B,
Immunohistochemical images of infarct area stained with anti-Ly6G and anti-MPO antibodies at 1 day after M.
Mouse was treated with PM, CPC+PM, or JAM-AsiCPC+PM. Ly6G and MPO are shown in green and nuclei in blue.
Morphology of tissue is shown in nonspecific green fluorescence. Bars were 0.2 mm. C and D, Quantification of
neutrophil accumulation in the infarct area of PM-, CPC+PM-, and JAM-AsiCPC+PM-treated mice. To obtain the
number of Ly6G (C) and that of MPO (D) -positive neutrophils/mm? in infarct area, 2 heart sections at papillary
muscle level were examined per mouse. An average of values obtained from 3 mice for each group was presented.
One-way ANOVA-Tukey—Kramer post hoc test was used for statistical analysis. Asterisks indicate statistical
significant differences (**P<0.01 and *P<0.05). CPC indicates cardiac progenitor cell; JAM-A, junctional adhesion
molecule-A; MI, myocardial infarction; MPO, myeloproxidase; siRNA, small interfering RNA.
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Figure 5. Injection of JAM-A Fc protein prevents neutrophil accumulation in ischemic myocardium. A,
Transplantation of JAM-A Fc protein (JAM-A+PM) reduced relative expression level of Ly6G mRNA. RNA was
extracted from left ventricle of day 1 Ml heart. Expression level was shown as fold changes relative to sham
operated mouse using delta delta CT method: sham, n=4; PM, n=5; JAM-A+PM, n=5. The Kruskal-Wallis
test, followed by the Steel-Dwass test, was used for statistical analysis. Asterisks above individual columns
indicate significant difference compared with sham. Asterisks above a line spanning 2 columns indicate
significant difference between 2 groups (*P<0.05). B, Immunohistochemical images of infarct area stained
with anti-Ly6G and anti-MPO antibodies at 1 day after Ml. Mouse was treated with PM or JAM-A+PM. Ly6G
and MPO are shown in green and nuclei in blue. Morphology of tissue is shown in nonspecific green
fluorescence. Bars were 0.2 mm. C and D, To obtain the number of Ly6G (C) and that of MPO (D) -positive
neutrophils/mm? in infarct area, 2 heart sections at papillary muscle level were examined per mouse. An
average of values obtained from 3 mice for each group was presented. Student ¢ test was used for
statistical analysis. Asterisks indicate statistical significant differences (**P<0.01 and *P<0.05). JAM-A,
junctional adhesion molecule-A; M, myocardial infarction; MPO, myeloproxidase.
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CPC+PM-treated mice in comparison with PM-treated mice
(Figure 3A). The number of Ly6G-positive neutrophils in the
infarct area of CPC+PM—treated mice was significantly lower
than that of PM-treated mice (PM: 378+29/mm?; CPC+PM:
2024+16/mm?, P<0.01. Figure 3B). Flow cytometric analysis
revealed that percentages of CD45'Ly6G" neutrophils of total
live cells were decreased in CPC+PM-treated mice (23.0%) in
comparison with PM-treated mice (42.6%) at 1 day after Ml
(Figure 3C).

We next examined whether CPC-derived JAM-A are
involved in the prevention of neutrophil accumulation by
RNA interference by using siRNA. We confirmed that siRNA
selectively reduced the amount of JAM-A mRNA and secreted
soluble JAM-A protein in CPCs (Figure 1A and 1B). When the
expression levels of Ly6G gene was examined at 1 day after
injection of PMs, CPCs+PMs, or CPCs transfected with JAM-A
siRNA (JAM-AsiCPC)+PMs to Ml heart, the expression levels of
Ly6G were significantly reduced in CPC+PM-treated group in
comparison with PM-treated group. The suppressive effect on
Ly6G gene expression in the CPC+PM-treated group was
abrogated when CPCs transfected with JAM-AsiCPC+PM was
injected into Ml hearts (PM: 1984-54.1; CPC+PM: 49.6+9.27;
JAM-AsiCPC+PM: 164+30.2, PM versus CPC+PM; P<0.05,
CPC+PM versus JAM-AsiCPC+PM; P<0.05) (Figure 4A).
Immunohistochemical images of the injured myocardium
1 day after MI showed that accumulation of Ly6G-positive
neutrophils in PM-treated mice were prevented in CPC+PM—
treated mice but not in JAM-AsiCPC+PM-treated mice (Figure
4B, upper row). Fewer MPO-positive neutrophils were
observed in CPC+PM-treated mice in comparison with

PM-treated mice (Figure 4B, lower row). The reductive effect
of CPC injection on the accumulation of MPO-positive
neutrophils was attenuated in JAM-AsiCPC+PM-treated mice
(Figure 4B, lower row). The number of Ly6G positive
neutrophils in the infarct area was 474+31/mm? in PM-
treated, 284+33/mm? in CPC+PM-treated, and 44620/
mm? in JAM-AsiCPC+PM-treated mice (PM versus CPC+PM;
P<0.01, CPC+PM versus JAM-AsiCPC+PM; P<0.05; Figure
4C). The number of MPO-positive neutrophils in the infarct
area was 231+30/mm? in PM-treated, 97.74+8.7/mm? in
CPC+PM-treated, and 197+6.4/mm? in JAM-AsiCPC+PM—
treated mice (PM versus CPC+PM; P<0.01, CPC+PM versus
JAM-AsiCPC+PM; P<0.01; Figure 4D).

We then explored whether the injection of soluble JAM-A
protein can inhibit accumulation of neutrophils in MI hearts.
When a mixture of recombinant mouse JAM-A Fc protein and
PM was injected into Ml hearts, the expression levels of Ly6G
were significantly reduced in JAM-A+PM-treated mice in
comparison with PM-treated mice at 1 day after injection
(PM: 108415; JAM-A+PM: 43.04+12, P<0.05; Figure 5A).
Immunohistochemical images of the injured myocardium
1 day after Ml revealed that fewer Ly6G-positive neutrophils
were observed in JAM-A+PM-treated mice in comparison with
PM-treated mice (Figure 5B, upper row) and that fewer MPO-
positive neutrophils were observed in JAM-A+PM-treated
mice in comparison with PM-treated mice (Figure 5B, lower
row). The number of Ly6G-positive neutrophils in the infarct
area was 430415/mm? in PM-treated and 293-£9.2/mm? in
JAM-A+PM-treated mice (PM versus JAM-A+PM; P<0.01;
Figure 5C). The number of MPO-positive neutrophils in the
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Figure 4. Injection of JAM-A+PM attenuates myocardial neutrophil infiltration after M. Representative
dot plots from PM- or JAM-A+PM-treated MI hearts. Cell suspensions from PM- or JAM-A+PM-treated M|
hearts were stained with anti-Ly-6G and anti-CD45 antibodies. Dot plots from a typical experiment of 2
performed are shown. FITC indicates fluorescein isothiocyanate; JAM-A, junctional adhesion molecule-A; MI,

myocardial infarction.
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Figure 7. Soluble JAM-A mediates the reduction of infarct size and prevention of left ventricular
remodeling, and enhances capillary density. A, Representative Masson’s trichrome—stained myocardial
sections from PM-treated, JAM-A+PM-treated, CPC+PM-treated, and JAM-AsiCPC+PM-treated hearts.
Bars are 2.5 mm. B, Quantification of infarct size 2 weeks after transplantation. For statistical analysis, 1-
way ANOVA-Tukey—Kramer post hoc test was performed. Significant differences among groups are shown
by asterisks (**P<0.01 and *P<0.05). C, Representative images from the sections of PM-treated and JAM-
A+PM-treated hearts stained for capillaries with anti-vWF antibodies. Bars are 100 pm. D and E,
Quantification of the number of vWF-positive capillaries in border (D) and infarct (E) area 2 weeks after
transplantation. To obtain the number of vWF-positive capillaries/mm2 in infarct area and border area, 2
heart sections at papillary muscle level were examined per mouse. An average of values obtained from 3
mice for each group was presented. Student ¢ test was used for statistical analysis. Asterisks indicate
statistical significant differences (**P<0.01 and *P<0.05). JAM-A indicates junctional adhesion molecule-A;
vWF, von Willebrand factor.
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Table 4. Echocardiographic Measurement of Hearts 2 Weeks After Transplantation

PM 9 67213 0.27+0.05 0.30+0.04 6.2::0.20 5.8+0.26 6.9+1.3
JAM-A+PM 1 711411 0.43£0.05"" 0.5240.05*~"1 4.9+0.32* 4.2+0.37* 154207
CPC+PM 9 683420 0.43£0.08" 0.5740.04*"* 4.9+40.24* 4.1:£0.27*+F 1542.4%
JAMASICPC+PM 7 70811 1 0.1540.02 0.2240.05 6.2:20.34 5.8+0.40 6.941.4

Statistical analysis was performed by 1-way ANOVA-Tukey—Kramer post hoc test (HR, PWT, and %FS) or Kruskal-Wallis test, followed by Steel-Dwass test (SWT, LVIDD, and LVISD). CPC
indicates cardiac progenitor cell; FS, fractional shortening; HR, heart rate; JAMA, junctional adhesion molecule-A; LVIDD, left ventricular internal diastolic diameter; LVISD, left ventricular
internal systolic diameter; PWT, posterior wall thickness; siCPC, CPC transfected with JAM-A silent interfering RNA; SWT, septal wall thickness.

*P<0.05 vs PM, **P<0.01 vs PM, TP<0.05 vs JAM-AsiCPC+PM, 11P<0.01 vs JAM-ASICPC+PM.

infarct area was 197418/mm? in PM-treated and 96.820/
mm? in JAM-A+PM-treated mice (PM versus JAM-A+PM;
P<0.01; Figure 5D). Flow cytometric analysis revealed that
percentages of CD45"Ly6G" neutrophils of total live cells
decreased in JAM-A+PM-treated mice (13.0%) in comparison
with PM-treated mice (23.6%) at 1 day after MI (Figure 6).
These results suggest that JAM-A plays an important role in
the prevention of neutrophil accumulation after Ml as one of
the CPC-derived paracrine factors.

Soluble JAM-A Mediaies the Reduction of Infarct
Size and Prevention of Left Ventricular
Remodeling and Enhances Capillary Density

Next, we examined whether the beneficial effect of CPC+PM
on the infarct size was mediated by JAM-A. When a mixture of
JAM-A Fc protein and PM was injected into the infarct area,
Masson’s trichrome—stained myocardial images at 2 weeks
after injection revealed that the infarct area of the heart
treated with JAM-A+PM was smaller than that of PM-treated
heart (Figure 7A, PM and JAM-A+PM). Average infarct area
was 40.4:£3.0% in PM-treated (n=15) and 25.043.3% in JAM-
A-Fc—treated (n=17) hearts (PM versus JAM-A+PM; P<0.01;
Figure 7B). When JAM-AsiCPC+PM was injected into the
infarct area, Masson’s trichrome—stained myocardial images
at 2 weeks after injection revealed that the infarct area of
JAM-AsiCPC+PM-treated heart was larger than that of
CPC+PM—treated heart (Figure 7A, CPC+PM and JAM-Asi-
CPC+PM). Average infarct area was 26.1£2.1% in CPC+PM—
treated (n=16) and 37.743.3% in JAM-AsiCPC+PM-treated
(n=15) hearts (CPC+PM versus JAM-AsiCPC+PM; P<0.05;
Figure 7B). Echocardiographic measurement of hearts at
2 weeks after transplantation revealed that both LVIDD and
LVISD of JAM-A+PM— and CPC+PM-treated hearts were
significantly smaller than those of the PM-treated group.
LVISD of CPC+PM-treated hearts was significantly smaller
than that of JAMAsiCPC+PM-treated group. LVIDD of
CPC+PM-treated hearts tends to be smaller than that of
JAMASsiCPC+PM-treated group (Table 4). These reductions

were associated with significantly greater value of percent FS
of JAM-A+PM- and CPC+PM-treated hearts in comparison
with that of the other 2 groups (Table 4). These findings
suggest that JAM-A is one of the paracrine factors released
from CPCs that plays an important role in attenuating cardiac
remodeling and dysfunction at 2 weeks after Ml through the
prevention of neutrophils accumulation.

To examine the effect of JAM-A on neovascularization in
post-MI hearts, we examined the number of vWF-positive
capillaries in the ischemic area of PM- and JAM-A+PM—treated
hearts. At 2 weeks after transplantation, immunohistochem-
ical staining for VWF indicated that more vWF-positive
capillaries exist in the border and infarct areas of the JAM-
A+PM—treated heart in comparison with the PM-treated heart
(Figure 7C). The number of vWF-positive capillaries was
90.0412/mm? in PM-treated heart (n=3) and 14149.7/mm?
in JAM-A+PM-treated (n=3) hearts in the border area (P<0.01,
Figure 7D). In the infarct area, the number of vWF-positive
capillaries was 53.1+4.2/mm? in PM-treated heart (n=3) and
94.7424/mm? in JAM-A+PM-treated (n=3) hearts in the
border area (P<0.05; Figure 7E).

It has been reported that changes in fibroblastic properties
during healing impact scar formation and that accumulation of
the different collagens is connected with the impaired
contractile function.” We measured qualitative changes in
collagen fibers by staining myocardial sections with picros-
irius red at 2 weeks after MI. Sirius red polarization micros-
copy revealed that the treatment with JAM-A+PM decreased
the ratio of green to yellow-orange fibers; however, the
difference did not reach the statistical significant level against
the other 3 groups (Figure 8).

Injection of CPC Prevents Reactive Oxygen
Species Production and Early Inflammatory
Response

Neutrophils have been implicated as a primary mechanisms
underlying ischemic injury.'® Reactive oxygen species (ROS)
production is one of the major processes that is involved in
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Figure 8. JAM-A does not affect scar maturation in infarcted myocardium. A, Representative Picro-Sirius
red staining and polarization microscopy in PM-treated, JAM-A+PM-treated, CPC+PM-treated, and JAM-
AsiCPC+PM-treated hearts. Bars are 200 pum. B, Quantitative analysis of color component in infarct area.
Vertical axis indicates the ratio of pixel number of green to that of yellow-red. A heart section at the level of
the largest scar size was examined per mouse. An average of values obtained from 3 mice for each group
was presented. For statistical analysis, 1-way ANOVA-Tukey—Kramer post hoc test was performed. CPC

indicates cardiac progenitor cell; JAM-A, junctional adhesion molecule-A.

inducing tissue injury by neutrophils.'"'® To examine
whether prevention of neutrophil accumulation by CPC+PM
injection reduces ROS production, measurement of super-
oxide in myocardium submitted to Ml was performed by
using DHE. DHE fluorescence staining demonstrated that in
the MI area, the DHE fluorescence intensity of the CPC+PM—
treated group was lower than that of the PM-treated group
(Figure 9A, PM and CPC+PM). The result of quantitative

analysis was shown in Figure 9B (PM: 2.68+0.46; CPC+PM:
2.144-0.20, P<0.05).

A variety of stimuli, including ROS generation, potentially
stimulate induction of chemokines and proinflammatory
cytokines. Several inducible chemokines have been reported
to stimulate neutrophil chemotaxis and activation in the
ischemic heart.'” Induction and release of the proinflamma-
tory cytokines, such as IL-6, IL-1B, and TNFo, have been
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Filgure 9. CPC transplantation attenuates ROS production and expression of various proinflammatory
cytokines. A, Representative images from PM-treated and CPC+PM-treated hearts. At 1 day after Mi, the
heart sections were stained with dihydroethidium. Bars are 2 mm. B, Fluorescence intensity at infarct area.
A heart section at the level of the largest infarct size was examined per mouse. An average of values
obtained from 5 mice for each group was presented. For statistical analysis, Mann—Whitney U test was
performed. Statistically significant differences between the 2 groups are shown by asterisks (*P<0.05). C,
Gene expression of various proinflammatory cytokines at 1 day after Ml. Expression level was shown as
fold changes relative to sham operated mouse using delta delta CT method. The number of mice examined
was indicated below each graph. The Kruskal-Wallis test, followed by the Steel-Dwass test, was used for
statistical analysis. Asterisks above individual columns indicate significant difference compared with sham.
Asterisks above a line spanning 2 columns indicate significant difference between 2 groups (**P<0.01 and
*P<0.05). CPC indicates cardiac progenitor cell; DHE, dihydroethidium; MI, myocardial infarction; ROS,
reactive oxygen species.

demonstrated in the infarcted myocardium.?® The results of
quantitative real-time PCR revealed that expression of
neutrophil chemoattractants and proinflammatory cytokines
was upregulated at 24 hours after MI with the injection of PM;
however, expression levels of Cxcl?, Cxcl2, Cxc/3, and /I6
were significantly reduced in CPC+PM-treated Ml hearts

(Figure 9C). Expression levels of Cc/3 and //718 also tended to
be reduced in CPC+PM-treated MI hearts (Figure 9C). There
was no significant difference in expression level of Tnfa
between PM- and CPC+PM-treated M| hearts (data not
shown). The expression levels of the examined genes were
decreased at 72 hours after Ml, and no significant difference
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was observed between PM-treated and CPC+PM-treated
hearts (data not shown).

CPC-Derived Soluble JAM-A Reduces Neutrophil
Motility

After adhesion and diapedesis through endothelial cells,
emigrated neutrophils infiltrate the myocardial tissues toward
neutrophil chemotactic factors. Therefore, we next examined
whether CPC-derived soluble JAM-A reduces the motility of
activated neutrophils. In response to the chemotactic factors,
neutrophils attach to the substratum and polarize, leading to
the establishment of a distinct leading edge (pseudopod) and
tail (uropod).?’ In order to maintain motility, migrating
neutrophils must break adhesive contacts at the uropod and

establish new contacts at the pseudopod. When cell migration
is impaired, the uropod remained tightly anchored to the
substratum and often become flat or elongated tails.?? When
neutrophils were preincubated with CPC CM, JAM-AsiCPC CM,
CPC CM+anti—JAM-A antibody, or JAM-A Fc and then cultured
on the fibronectin-coated dishes under the stimulation with
WKYMYV, actin immunofluorescence staining of neutrophils
demonstrated that treatment with CPC CM or JAM-A Fc
induced the formation of elongated (white arrowheads) or
flattened (white arrow) uropods, whereas treatment with JAM-
AsiCPC CM or CPC CM-+anti—JAM-A antibody preserved short
uropods (black arrowheads) as well as nontreated control
neutrophils (Figure 10A). Treatment with CPC CM or JAM-A Fc
decreased the percentage of neutrophils with uropod shorter
than 5 um and increased the percentage of neutrophils with

A ; CPC CM+
control CPC CM JAM'ASICPC CM anti-JAM-A ab
. @ e
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< 1 "
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10 . . ..
0 0.0 ... 0"
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‘ control D cPCCM E] CM | anti-JAM-A ab E JAM-A Fc

Figure 10. Soluble JAM-A derived from CPC alters the uropod length of neutrophils. A, Actin
immunofluorescence staining of neutrophils pretreated with control medium, CPC CM, JAM-AsiCPC CM,
CPC CM+anti-JAM-A antibody, or JAM-A Fc. Bars are 10 um. B, The frequency of cells with different uropod
length in 1 control and 4 treated groups. The graph shows the mean+SEM of 5 experiments. One-way
ANOVA-Tukey—Kramer post hoc test was used for statistical analysis for different uropod length. Asterisks
(**P<0.01) indicate significant differences between the treatment and control groups for different uropod
length. Number signs (*¥P<0.01) indicate significant differences between the treatment and CPC CM
groups for different uropod length. CM indicates conditioned medium; CPC, cardiac progenitor cell; JAM-A,
junctional adhesion molecule-A.
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Figure 11, Immunohistochemical images of Sca-1 and JAM-A in normal mouse heart. Frozen sections were triple-stained with Sca-1 in red,
JAM-A in green, and nuclei in blue. The images overlaid with phase contrast images are shown. White arrowheads indicate perivascular Sca-1—
positive cells, which co-express JAM-A. Bars are 50 um. JAM-A indicates junctional adhesion molecule-A.

uropod longer than 10 um (Figure 10B). On the contrary,
treatment with JAM-AsiCPC CM or CPC CM-+anti—JAM-A
antibody abolished the effects of CPC CM and JAM-A FC
on uropod length, resulting in the distribution of uropod length
similar to the control (Figure 10B). These findings suggest that
soluble JAM-A released from injected CPC reduces the motility
of neutrophils, preventing their infiltration into myocardial
tissue, and ameliorates tissue damage to the infarct heart
through the prevention of excessive inflammation.

Discussion

We previously reported that CPCs are most effective for
cardiac repair in comparison with SMs, BMs, or AMCs.* The
dominance of CPC in part stems from not only their
cardiomyogenic capacity but also unique paracrine factors.
It has been reported that paracrine factors from transplanted
cells are involved in various kinds of beneficial effects such as
cytoprotection, angiogenesis, inhibition of fibrosis, and anti-
inflammation.® Here, we first reported that transplantation of
CPC inhibited neutrophil infiltration after MI through the
paracrine effect. We identified that JAM-A is exclusively
secreted from CPCs and inhibited the emigration of neu-
trophils into myocardium, leading to reduction of oxidative
stress and inflammatory response after infarction. In addition,
we have shown that local delivery of JAM-A with self-
assembling nanopeptides reduces cardiac remodeling
after M.

JAM-A is an immunoglobulin-like, PDZ binding domain
containing transmembrane protein that is expressed in tight
junction of endothelial and epithelial cells as well as
leukocytes, including neutrophils, monocytes, and B- and T-
lymphocytes.”® JAM-A on endothelial cells associates through
their extracellular domains with leukocyte function—associ-
ated antigen-1 and supports the adhesion and transendothe-
lial migration of T cells and neutrophils. Although the
mechanism by which JAM-A regulates leukocyte transendo-
thelial migration is still unclear, Woodfin et al reported that
JAM-A mediates neutrophil transmigration independent of
other adhesion molecules such as intercellular adhesion
molecule-2 and platelet endothelial cell adhesion molecule-1
through TNFa-mediated activation of leukocytes and endo-
thelial cells in vivo.?* Beside the membrane-tethered JAM-A,
recently a soluble form of JAM-A and its anti-inflammatory
effect have been identified. Koenen et al reported that soluble
JAM-A is released from endothelial cells via proteolytic
shedding by a disintegrin and metalloproteinases 10 and
17. This shedding process is enhanced by endothelial cell
activation with TNFa and interferon-y, resulting in inhibition of
neutrophil transmigration by released soluble JAM-A.° Thus,
JAM-A and soluble JAM-A play important roles in regulating
local inflammatory responses mediated by neutrophils.

The interface between neutrophils and endothelial cells
appears to be a critical site of actions for soluble JAM-A, but
that is not the case when CPCs or soluble JAM-A is directly
delivered into myocardial tissue. Although a fraction of
transplants may be excreted to the blood flow, it has been
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Figure 1Z. Time course of distribution and expression level of JAM-A following myocardial ischemia. A and B, Frozen sections obtained from
border (A) and infarct area (B) 1, 3,7, and 14 days following Ml were stained with CD31 or JAM-A in red. The samples were costained with smooth
muscle actin in green and nuclei in blue. As both CD3 1 and JAM-A antibody originated from rat IgG, a pair of serial sections was stained with CD31
and JAM-A, respectively. White arrowheads indicate CD31 negative nonendothelial JAM-A—positive cells. Bars are 20 um. C and D,
Semiquantitative immunofluorescence intensity of JAM-A and CD31 in border (C) and infarct area (D). One mouse was killed at each time point.
Two adjacent sections were stained for CD3 1 and for JAMA separately. The values of immunofluorescence intensity obtained from at least 5 fields
were examined. Two main effects and interaction effect were analyzed by using 2-factor factorial ANOVA (border area [C]; main effect of
expressed protein: P=0,27, main effect of time: P=6.5x 1077, interaction effect: P=0.75, infarct area [D]; main effect of expressed protein:
P=0.0073, main effect of time: P=1.6 x 107, interaction effect: P=0.038). The difference in the level of expressed proteins between time points
was analyzed by 1-way ANOVA-Tukey—Kramer post hoc test. Asterisks and number signs above individual columns indicate significant difference
compared with day 3 in C and with day 14 in (D) (**P<0.01, *P<0.05, ##p<0.01, and #P<0.05). We performed the experiment twice and similar
results were obtained. JAM-A indicates junctional adhesion molecule-A; MI, myocardial infarction; SMA, smooth muscle actin.

reported that PM effectively retains the cells or proteins in the
injected site.**® Therefore, the mechanism through which
soluble JAM-A reduces the number of extravasated neutroph-
ils is not simply due to the inhibition of transendothelial
migration. Recently, Cera et al reported that on activated
neutrophils, JAM-A is internalized in intracellular vesicles at

the leading edge and uropod where JAM-A codistributes with
B 1-integrin. Neutrophils derived from JAM-A-null mice were
unable to correctly internalize and recycle p1-integrin during
cell migration on chemotactic stimuli, and this caused
impaired directional migration.?® We have shown that treat-
ment with soluble JAM-A reduces the motility of activated

DOI: 10.1161/JAHA.114.001101

Journal of the American Heart Association 18

Downloaded from http://jaha.ahajournals.org/ atjla(?KYO U MED LIB DQ56580 on March 25, 2015

HDYVISHY TVNIDIYO



Antinflammatory Effect of Cardiac Progenitors Liv et of
C D
> 8 >8
= =
& 6 7 T 6
= o oW # = PR ]
§ 4 1 aCcD31 § 4 : @ CD31
3 =JAM-A @ BJAM-A |
S 2- S 2
= =
L. (T
0 T T T 0 1 : T .
daylt day3 day7 dayi4 dayl day3 day7 dayi4

Figure 12, Continued.

neutrophils (Figure 10), suggesting that soluble JAM-A
secreted from CPCs may bind to its homophilic or heterophilic
counterparts of JAM-A or B1-integrin on neutrophils, leading
to failure of the colocalization of JAM-A and f1-integrin and
correct turnover of Bl-integrin on neutrophils when the
migrate through the interstitial tissue of ischemic myocar-
dium.

Immunohistochemical images of normal hearts revealed
that JAM-A and Sca-1 are colocalized at perivascular cells
as well as endothelial cells (Figure 11). The role of JAM-A—
expressing perivascular cells has not been defined yet, but
it is conceivable that the Sca-1-positive perivascular cells,
in which Sca-1—positive CPCs are included, may control the
fate of infiltrated leukocytes by secreting soluble JAM-A and
contribute to the regulation of inflammatory response in the
heart. 1t is interesting to know the amount and localization
of endogenous JAM-A following myocardial ischemia. As
shown in Figure 12, most of JAM-A was colocalized with
CD31-positive endothelial cells of capillaries or those of
smooth muscle actin—positive arterioles from day 1 to day
14 after Ml (Figure 12A, border area; Figure 12B, infarct
area). Semiquantitative analysis of fluorescent intensity
revealed that the time courses of the expression level of
JAM-A and CD31 were parallel and peaked at 3 day in the
border area (Figure 12C). In the infarct area, the time
course of the expression level of JAM-A transiently parted
from that of CD31 at day 3 and subsequently both peaked
at day 14 (Figure 12D). The reason for the time course
difference between JAM-A and CD31 in infarct area is
unclear; however, taking into account the good colocaliza-
tion of JAM-A with CD31-positive endothelial cells, the total
amount of JAM-A in the ischemic area is mostly dependent
on the level of vascularization after Ml. CD31-negative
nonendothelial JAM-A—positive cells were observed at day 3
in the border area and at day 14 in the infarct area (white
arrowheads in Figure 12A and 12B). Although the identity

and the role of these interstitial JAM-A—positive cells are
uncertain, these cells may contribute to an endogenous
anti-inflammatory system in the acute and late phases of
ischemia.

Neutrophils have been implicated as a primary mechanism
underlying ischemic injury. The processes involved in inducing
tissue injury by neutrophils include oxygen free radical
generation, degranulation and release of proteases, and
release of proinflammatory mediators.?” After the hypoxic or
mechanical stimulus is applied, cytokines such as TNFo and IL-
6 are rapidly released in ischemic and border zones.?®?? The
inflammatory cytokines induce the expression of endothelial
adhesion molecules, such as selectin families, VCAM-1, and
intercellular adhesion molecule-1, and promote leukocyte
adhesion to the vascular endothelium and subsequent tran-
sendothelial migration.*® Neutrophils stimulated by inflamma-
tory cytokines produce superoxide anions and hydroxyl
radicals in a respiratory burst.'® These oxygen free radicals
promote the release of various kinds of proinflammatory
chemokines from endothelial cells, cardiac fibroblasts, and
other sources, leading to further enhancement of neutrophil
adhesion and infiltration.””*"? Among these chemokines,
CXC chemokines, including CXCL1, and CXCL2, play a critical
role in basal and inflammatory neutrophil locomotion, traffick-
ing, and activation.®*** Recent studies revealed that neu-
trophils secrete CXCL1, CXCL2, CCL4, and CCL3 in response
to a variety of stimulants, including lipopolysaccharides,
zymosan, and substance P, thereby recruiting more neutrophils
and activating themselves using the autocrine mechanisms of
CXCL1 and CXCL2 secretion, and then attracting monocytes
by using CCL4 and CCL3.%° Activated monocytes have been
reported to inhibit neutrophil apoptosis through granulocyte-
macrophage colony-stimulating factor secretion.®® McGettrick
et al reported that neutrophils transmigrating through TNFa-
or IL-1p-treated HUVECs were strongly protected against
apoptosis and that binding of $2-integrins after transmigration
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Figure 13. Cardiomyocyte-like differentiation of transplanted CPCs and proliferation of endogenous CPCs
and cardiomyocytes in PM- and JAM-A+PM-treated hearts. A, Representative images of RFP (red) and
sarcomeric o-actinin (green) double-positive cells (white arrowheads) in epicardial region (upper panels) and
border area (lower panels). Nuclei were stained in blue. Bars are 10 pm. B, Number of RFP and sarcomeric o-
actinin double-positive cells per section of PM- and JAM-A+PM-treated hearts. An average of values obtained
from 3 sections per mouse was analyzed: n=3 mice for PM- and n=4 mice for JAM-A+PM-treated group.
Student t test was used for statistical analysis. C, Confocal images of BrdU-positive CPC (white arrowheads)
and BrdU-positive cardiomyocytes (white arrows). Bars are 20 pum. D, Frequency of BrdU-positive CPCs in total
CPCs in PM-and JAM-A+PM-treated hearts. The whole area of LV in a section through the long axis of the heart
was examined per mouse: n=3 mice for PM- and n=4 mice for JAM-A+PM—treated group. Student ¢ test was
used for statistical analysis. E, Frequency of BrdU-positive cardiomyocytes in PM- and JAM-A+PM—treated
hearts. The whole area of LV in a section through the long axis of the heart was examined per mouse” n=3 mice
per group. Student ¢ test was used for statistical analysis. CPC indicates cardiac progenitor cell; JAM-A,
junctional adhesion molecule-A; LV, left ventricle; RFP, red fluorescent protein.

was necessary for the survival signal for neutrophils, suggest- essential for protection against neutrophil apoptosis.®” In
ing that an inflammatory condition during endothelial transmi- addition, it has been reported that the firm adhesion between
gration and integrin-mediated adhesion after transmigration is cardiomyocytes and neutrophils through f2- or a4-integrins is
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Figure 18, Continued.

required for both the release of toxic mediators including ROS
and the subsequent injury and dysfunction.'”"'® Therefore,
reduction of ROS generation and downregulation of inflamma-
tory chemokines expression may inhibit further neutrophil
accumulation and survival, resulting in a reduction in neutro-
phil-derived toxic mediators and a decrease in the contact
between emigrated neutrophils, which may lessen the tissue
injury.

It has been reported that JAM-A is required for basic
fibroblast growth factor—induced angiogenesis and is impor-
tant in aVB3-integrin—specific endothelial cell migration on
vitronectin.®®3° Recently, Peddibhotla et al proposed a model
of angiogenic signaling regulated by JAM-A and CD9, in which
stimulation with basic fibroblast growth factor releases
monomeric JAM-A from the JAM-A-CD9-aV3f complex,
subsequently inducing monomeric JAM-A to form homodimers
that mediate mitogen-activated protein kinase activation.*®
Accordingly, antibodies against JAM-A, as well as genetic
deletion of JAM-A, inhibited migration of endothelial cells.
Considering the inhibitory effect of soluble JAM-A on neutro-
phil migration, it is possible that transplanted JAM-A may
inhibit migration of endothelial cells and disturb angiogensis.
However, our data revealed that myocardial administration of
soluble JAM-A enhances capillary density (Figure 7C through
7E). We suppose that reduction of neutrophil-derived ROS
may prevent endothelial cells from massive death and
maintain their function in the acute phase of Ml or that
endothelial the JAM-A-aVB3 complex may interact with
soluble JAMA in a different way from neutrophil JAM-A/
leukocyte function—associated antigen-1 complex.

We have explored the other mechanisms involved in the
reduction of infarct size. It is generally accepted that thin
colliagen, such as collagen type Ill, is immature and deposited
predominantly during early remodeling, while thick collagen
(collagen type 1) predominates during late remodeling stages
and contributes to scar maturation.*’ A sustained high ratio of
green to yellow-red fibers means an excess of immature

PM JAM-A+PM

PM JAM-A+PM |

collagen matrix and correlates with deterioration of cardiac
remodeling. As shown in Figure 8, injection of JAM-A does not
have a large effect on the composition of collagen fibers at
least 2 weeks after MI.

The adult mammalian heart posses a limited capacity for
regeneration, but recently it was reported that several factors
can simulate cardiac regeneration after injury.**> We examined
whether injection of JAM-A enhances cardiac regeneration
through cardiac differentiation of transplanted CPCs, prolif-
eration of endogenous CPCs, or cardiomyocyte division.
When RFP-expressing CPCs were transplanted with PM or
JAM-A+PM into MI heart, RFP and sarcomeric o-actinin
double-positive cells were localized to epicardial lesion, where
a mixture of CPCs and PM was overlaid (upper panels of
Figure 13A). A few double-positive cells were localized to the
border area (lower panels of Figure 13A). These double-
positive cells were small and showed no or immature
sarcomere structure. There was no significant difference in
the number of double-positive cells per section between PM-
and JAM-A+PM-treated groups (PM: 11.5£5.7 [n=4]; JAM-
A+PM: 24.3+14 [n=3]; Figure 13B). We examined the
frequency of BrdU-positive endogenous CPCs, which were
identified as Nkx2.5 positive and sarcomeric o-actinin—
negative cells (Figure 13C). There was no significant differ-
ence in the percentage of BrdU-positive CPCs in total CPCs
between PM- and JAM-A+PM-treated mice (PM: 94.4£5.6%
[n=3]; JAM-A+PM: 90.9+£5.5% [n=4]; Figure 13D). The
percentage of BrdU-positive cardiomocytes in total cardiomo-
cytes did not show a significant difference between PM- and
JAM-A+PM-treated mice (PM: 0.03440.02% [n=3]; JAM-
A+PM: 0.039+£0.02% [n=3]; Figure 13E). These findings
suggest that although a fraction of transplanted CPCs were
engrafted and acquire cardiac phenotype, a large part of the
beneficial effects of CPCs do not stem from cardiac
regeneration in our model. In addition, JAM-A enhances
neither the transdifferentiation of CPCs nor the intrinsic
cardiac regeneration capacity after injury.
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We have shown that transplantation of CPCs or soluble
JAM-A protein, but not JAM-A knockdown CPCs, ameliorates
cardiac remodeling and expansion of infarct size. This
suggests that blocking neutrophil infiltration through the
inactivation of JAM-A could be therapeutically valuable for the
ischemic heart disease. Studies in models of myocardial
ischemia and hepatic ischemia—reperfusion of JAM-A-defi-
cient mouse have demonstrated that JAM-A deficiency in
polymorphonuclear cells inhibits transendothelial migration of
leukocytes but not their rolling and adhesion to endothelial
cells.**** Although neutrophil infiltration was inhibited,
increasing vascular adherent leukocytes results in the distur-
bance of blood flow and release of inflammatory mediators,
consequently causing more tissue injury in comparison with
wild-type.*>** Recently, Lakshmi et al reported in a murine
model of acute lung injury that JAM-A knockout and treatment
with anti-JAM-A blocking antibody fail to reduce oxidative
stress or cytokine and chemokine levels in whole lung and
have no effect on capillary leakage and lung edema,
presumably reflecting the histologically observed retention
of neutrophils in lung tissue.*® The plausible explanation of
discordant results between previous reports and ours are as
follows: systemic deletion of JAM-A or intravenous injection of
anti-JAM-A blocking antibody may subject the circulating
neutrophils to lose tuned balance between adhesion and
transendothelial migration, whereas myocardial injection of
CPCs or soluble JAM-A protein may specifically affect the
extravasated neutrophils without retention of neutrophils in
microvasculature in the heart.

A limitation of our study is a limited survival of transplanted
CPCs. As shown in our previous report, the frequency of
transplanted CPCs was only 0.21% at 7 days after transplan-
tation.* When cardiac function of PM- and CPC+PM-treated
groups was examined at 4 weeks after myocardial infarction,
both LVIDD and LVISD of CPC+PM-treated group were
smaller and percent FS of the CPC+PM-treated group was
higher than that of the PM-treated group, although the
measured values did not reach statistical significance (Table
5). The infarct size was 42.2+2.6% in the CPC+PM-treated
group (n=9) and 49.1+4.8% in the PM-treated group (n=6).
Although the infarct size of the CPC+PM-treated group was

smaller than that of the PM-treated group, this finding did not
reach statistical significance (Student ¢ test). The reason for a
lack of beneficial effects in a 4-week observation may stem
from the poor survival of transplanted CPCs for a long period.
However, we believe that good correlation between the
survival time of transplanted CPCs and the phase of acute
neutrophil accumulation indicates that JAM-A released from
CPCs prevents deleterious effects derived from neutrophils
during the acute phase of M.

Although many researchers have reported the detrimental
effects of infiltrating neutrophils and inflammatory mediators
on cardiomyocytes in the infarcted heart, therapy directed to
mitigate inflammatory processes has been, in general,
unsuccessful in clinical practice.*® The results of methylpred-
nisolone trial have been controversial, in that some have
demonstrated efficacy of the drug to limit extension of
evolving MI, while other results have been deleterious.*”**
The results of a clinical trial demonstrated that an antibody to
CD11/CD18 leukocyte integrin receptor did not reduce
infarct size in patients who underwent primary angioplasty
after MI.*® Several methods for JAM-A inhibition, such as
genetic inactivation, blocking antibody, and soluble recombi-
nant proteins, prevent inflammatory reactions in meningitis,
peritonitis, skin, and ischemic injury of heart and liver in
animal models.®3%5" However, the consequences of JAM-A
targeting inhibition vary in different cell types and tissues,
depending on the site (endothelium or leukocytes) and the
mechanism (adhesion, diapedesis, or migration) of action.
Systemic deletion of JAM-A gene or intravenous injection of
JAM-A antibody caused retention of neutrophils on the
vascular surface and, in some cases, aggregation in the
capillaries. The permanence of neutrophils on the endothelial
surface leads to the release of oxygen species and lytic
enzymes, which aggravated tissue damage.*>™*° Here, we
have shown that local administration of soluble JAM-A into
ischemic myocardium inhibits neutrophil emigration, probably
without disturbing microcirculation, which suggests its useful-
ness for the clinical application. Although direct injection of
JAM-A into myocardium during the acute ischemic phase is
difficult to conduct, recent advances in nanoparticle-mediated
drug deliver system may enable the transport of soluble JAM-A

Tabie 5. Echocardiographic Measurement of Hearts 4 Weeks After Transplantation

| Pm 4 689419 0.17-0.01

R R R,

0.49-+0.09 6.1-0.48

§ CPC+PM 9 690421 0.26+0.05

0.64+0.07 5.5£0.25 4.940.27 10.7£1.2.

Statistical analysis was performed by using Student ¢ test (PWT, LVIDD, and LVISD) or Mann-Whitney U test (HR, SWT and %FS). No statistical difference was observed between PM and
CPC+PM in each parameter. FS indicates fractional shortening; HR, heart rate; LVIDD, left ventricular internal diastolic diameter; LVISD, left ventricular internal systolic diameter; PWT,

posterior wall thickness; SWT, septal wall thickness.
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across capillary endothelial cells by nanoparticle transcytosis
following coronary injection.® In addition, it has been reported
that a small inhibitory peptide targeting the JAM-A—oulf2
integrin interaction reduced leukocyte recruitment during
postischemic inflammation in brain ischemia—reperfusion
injury and reduced the lesion size.>® Nanoparticles in which
such a peptide inhibitor is encapsulated may be another choice
for clinical anti-inflammatory strategy targeting JAM-A. The anti-
inflammatory peptides secreted from cardiac dormant cells
may become a new candidate for the treatment of cardiovas-
cular disease through the prevention of excess inflammation.
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Trans-ancestry mutational landscape of hepatocellular
carcinoma genomes

Yasushi Totokil:14, Kenji Tatsuno®!4, Kyle R Covington®!4, Hiroki Ueda?, Chad J Creighton®4, Mamoru Kato?,
Shingo Tsuji2, Lawrence A Donehower?, Betty L Slagle’, Hiromi Nakamura!, Shogo Yamamoto?, Eve Shinbrot3,
Natsuko Hama!, Megan Lehmkuhl?, Fumie Hosoda!, Yasuhito Arai!, Kim Walker3, Mahmoud Dahdouli?,

Kengo Gotoh?, Genta Nagae?, Marie-Claude Gingras3, Donna M Muzny?, Hidenori Ojima®, Kazuaki Shimada?,
Yutaka Midorikawa$, John A Goss®, Ronald Cotton®, Akimasa Hayashi®!0, Junji Shibaharal%, Shumpei Ishikawal?,
Jacfranz Guiteau®, Mariko Tanaka!0, Tomoko Urushidatel, Shoko Ohashi!, Naoko Okada!, Harsha Doddapaneni?,
Min Wang?, Yiming Zhu3, Huyen Dinh?, Takuji Okusaka!!, Norihiro Kokudo!?, Tomoo Kosuge’, Tadatoshi Takayama$,

Masashi Fukayamal, Richard A Gibbs?, David A Wheeler?, Hiroyuki Aburatani? & Tatsuhiro Shibatal>13

Diverse epidemiological factors are associated with hepatocellular carcinoma (HCC) prevalence in different populations.
However, the global landscape of the genetic changes in HCC genomes underpinning different epidemiological and ancestral
backgrounds still remains uncharted. Here a collection of data from 503 liver cancer genomes from different populations
uncovered 30 candidate driver genes and 11 core pathway modules. Furthermore, a collaboration of two large-scale cancer
genome projects comparatively analyzed the trans-ancestry substitution signatures in 608 liver cancer cases and identified
unique mutational signatures that predominantly contribute to Asian cases. This work elucidates previously unexplored
ancestry-associated mutational processes in HCC development. A combination of hotspot TERT promoter mutation, TERT focal
amplification and viral genome integration occurs in more than 68% of cases, implicating TERT as a central and ancestry-
independent node of hepatocarcinogenesis. Newly identified alterations in genes encoding metabolic enzymes, chromatin
remodelers and a high proportion of mTOR pathway activations offer potential therapeutic and diagnostic opportunities.

HCC is the third leading cause of cancer deaths worldwidel:2,
Epidemiologically, the incidence of HCC shows marked variance
across geographical regions and ancestry groups and between the
sexes®. HCC incidence predominates in East Asia and Africa, and
rapid increases in prevalence have occurred in Western countries?.
Multiple etiological cofactors are associated with liver cancer, and
their contributions might additionally differ according to ancestry.
Hepatitis B virus (HBV) infection is dominant in East Asia and Africa,

whereas hepatitis C virus (HCV) infection among HCC cases is fre-

quent in Japan. Aflatoxin B1 exposure is a strong risk factor of HCC
in China and Africa, whereas alcohol intake is a major etiological
factor for HCC in Western countries®~>. The average male/female
ratio for HCC incidence is greater than two, which could be owing to
different environmental exposures or hormone levelsS. Overlapping
but partially distinctive epidemiological backgrounds, such as liver

fluke infection, were associated with intrahepatic cholangiocarcinoma
(IHCC), another type of liver cancer®. Here we conducted the first
trans-ancestry HCC genome sequencing research under the umbrella
of the International Cancer Genome Consortium (ICGC)” and The
Cancer Genome Atlas (TCGA)®. Thus far, this study represents the
largest genomic profiling of liver cancers (608 cases) and compares
ancestry groups (Japanese, Asian and European) with distinctive
etiological cofactors. This genome data set also uncovers an extensive
landscape of driver genetic alterations in HCC.

RESULTS

Whole-exome and oncovirome sequencing of liver cancers

As an ICGC liver cancer project, we collected 503 pairs (413 cases in
the Japanese cohort and 90 cases in the US cohort) of liver cancers
(488 HCC and 15 IHCC) and matched non-cancerous liver tissues
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