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Fig. 2. {A) Position of the AdV-1 primers and the fluorogenic probe. The locations of the packaging signal (W] and the coding region of the pIX gene are indicated. The arrows
indicate the direction of transcription, AdV-1 F-primer, R-primer, and probe were designed using the program Primer Express 1.5 {Applied Biosystems . and their sequences
are underlined. The primers and probes were selected according to the manufacturer’s guidelines. The fluorogenic probes contained FAM {6-carboxylfluoroescein} at the -
end and TAMRA (6-carboxylretramethylrhodamine) at the 3-end. This set of primers{probe recognizes the coding region of the piX gene. (B), {C}. and (D} are the standard
calibration curves for plasmids, cosmids and FG-AdV including the pIX gene, respectively. The standard calibration curves for the threshold cycle values (Ct) versus the copy
number using serial dilutions of pATdcw (B} or pAxcwir2 (C) are shown, Similarly, serial dilutions of AxCAGFP vectors were used to generate the standard curve (D). The

coefficients of correlation () are indicated.

of Hela cells, respectively (column “GIT ratie”, 0.3 for CV-1 and
0.06 for NIH-3T3), showing that GIT varied among different cell
types.

However, because the control virus infected in parallel was
identically influenced by the infection conditions, including the cell
concentration and the cell type, the copy numbers of testing virus
relative to that of the control virus can be calculated using the Ct
value of the control virus as shown below. The relative GIT, called
the VT, is defined as follows:

zicmu‘oi viral Ct—testing viral Ct,

VT = (contral virus GIT) x '(/mL)

(Note that, because one Jower Ct value means 2-fold more DNA,
uztwsting wival Ct-controk viral Ctin is not COI'I'EC(:}.

For example, if control virus GIT, control viral Ct and testing viral
Ct are 2.4 10% (copies/mL), 22.6 and 19.4, respectively, in a
particular . titration using CV-1 cells, the rVT=24x10%x
20326-190 2 9 4 5 108 % 272 =22 % 10% (copies/mL),

Because the rVTs of CV-1 and Hela cells at the concentrations of
6.0 x 10° cells per well (full-sheet condition) were similar, ic.,
2.3 x 10” (copies/mL), the rVT calculated using the data of Fig. 2D
can be applied to the VT of Hela cells. The rVTs measured using
HeLa cell concentrations of 0.6 x 10%, 2.0 x 10 and 6.0 x 10 cells
per well were 0.9 x 10°, 1.0 » 10 and 2.3 = 10° copies/pL, respec-
tively (Table 1, rVI/mL}: the ratio of rVTs obtained using three dif-
ferent cell concentrations (column “rVT ratio”) was 0.4:04:1.

Similar experiments using CV-1 cells indicated that the ratio was
1.2:1.2:1, showing that the rVT was less influenced by the cell con-
centration than the GIT. Table 1 also showed that, though the GIT
of NIH-3T3 was extremely different from that of Hela and CV-1,
the rVT of NIH-3T3 was very similar to those of CV-1 and HeLa (col-
umn of “rVT ratio”). Therefore, even using different cell lines and
dilutions, the rVT did not fluctuate, indicating that about the same
VT can be obtained using various types of cells other than Hela
cells for the purpose of titration. Because Hela cells are commonly
used worldwide, we recommmend the use of Hela cells for rVT mea-
surements. Importantly, the present results also showed that the

Table 1
Differences between GIT and VT among various cell concentration and cell lines,
GIT ™vT
Cells No. of cells Copies/mL Ratio VT/mL Ratio
#210% %107 %107
Hela a6 13784264 49 089+04 04
20 89.5£2.0 3.2 10202 04
6.0 282:18 1 2301 1
V-1 6.0 8217 03 23£01 1.0

NIH3T3 6.0 6.0 17203 008 1.01£04 0.4

Two independent experiments were performed using the virus dilutions of 10" and
10%
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Table 2 Table 3
infection conditions. Days after infections.
Condition GIT/mL (=10%) Ratio Day GIT/mL (% 10%) Ratio
Plate 08+03 1 1 25201 16
Suspension 0.8%02 1.0 2 1.6x0.1 1
3 16£04 1.0

The presentations are the same as Table 1.

VT can be compared even when different cell lines or amounts of
AdV were used.

The quality of the control virus does not significantly influence
on the VT value as far as the same lot of the control virus is used.
Therefore, a conventional virus can be used as the control virus
without purification. If strict comparison between the rVTs mea-
sured in different laboratories is needed, the adenovirus type 5
reference material may be useful and is available from ATCC (VR~
1516) [23]. If a gene product of the testing virus is extremely del-
eterious to the target cells, the infected cells possibly grow slowly
and the ratio of the copy number of the viral genome against that
of B-actin on the cell chromosome may increase. However, if this is
the case. the obtained rVT values of 107" dilution {high dose) and
1072 dilution (low dose) must differ significantly, because the lat-
ter should be less influenced than the former. We have not experi-
enced these cases.

3.4. Examination of infection conditions

We also examined whether the transduction efficiency of AdV
differs when the cells to be infected are attached to a plate (plating
method) or present in suspension (suspension method). In the for-
mer method, a monolayer of cells on the plate was incubated with
an aliquot of AxCAGFP stock for 1 h for 37 “C, with shaking every
15 min before adding the medium. In the latter method, cells de-
tached by trypsin were mixed with the virus, incubated for 5 min
at room temperature, mixed with medium, and transferred to a
6-well or 24-well plate. The results showed no significant differ-
ences between the two methods for two different virus dilutions
(Table 2). Because the suspension method is very simple and quick,
we used the suspension method thereafter. Next, we examined the
detected copy numbers of the transduced viral genome ondays 1,2
and 3. After washing the cells with PBS (—) on each day, the total
infected-cell DNA was extracted, and the amounts of AdV genome
were measured using qPCR {Table 3). The detected AdV copy num-
ber on day 1 was higher than that on day 2, but those on day 2 and
day 3 were equal, suggesting that the number had reached a pla-
teau level, The results were consistent with those for the Southern
blot experiments {Fig. 1B, 48 h and 72h). Consequently, we
adopted day 2 for the measurement of rVT. Therefore, for the rVT
method the infection protocol is very simple, and titration results
can be obtained in only 2 days. The use of the infection protocol
is not limited to AdV titration, but can also be used for ordinary
AdV infection experiments. The VT protocol is described in Sup-
plementary Information.

3.5. Examples where the TCIDsg titer differed from the rVT

The ratio of the rVT value and the authentic TCIDs, titer were
well correlated. AXEFLNLG is one example of an FG AdV; this
AdV expresses neo protein unless the neo gene flanked by a pair
of loxPs is excised during Cre-mediated recombination. Because
the neo gene is popularly used to establish neo-resistant cell lines,
it must not be toxic. The rVT/mL and TCIDsg/mL of a viral stock of
this AdV were measured using CV-1 cells as a target and 293 cells,
in which AdV proliferates, respectively. As shown in Table 4, in the
first line, the ratio of rVT/TCIDs¢ was 0.3 using CV-1 for rVT: if Hela

The presentations are the same as Table 1.

Table 4
Differences between VT and TCDsy.

AdVs VTimL TCHDspfmb WT/TCIDsq Ratio
AXEFLNLG 04201 % 10° 1.8202210° 0.2 H
AxEFdsRed 23501 % 109 0320.1%10° 7.7 345
AXCANCre 26204 = 107 312092107 0.8 3.8

The presentations are the same as Table 1.

cells are used for the rVT, the ratio should be 0.3 x 0.6 =~ 0.2 based
on the data in Table 1. Thus, the TCIDsg/mlL was normally five times
higher than the rVT/mL value when using Hela as the target cells.
Therefore, the ratio is normally useful when converting the values
from one to another.

However, the ratio sometimes differed; for AxEFdsRed, an AdV
that highly expresses dsRed protein, the copy number transduced
to the target cells obtained using rVT was 18-times higher than
that obtained using the TCIDs, method. AXCANCre, which highly
expresses Cre recombinase, also produced an rVT value that was
3.3-times higher than that obtained using the TCIDs, method. Be-
cause the rVT value reflects the copy numbers in transduced target
cells that are important for expression experiments, it is more
valuable than the TCIDs, titer. Also, the rVT method can be applied
for the titration of viruses that cannot proliferate in 293 cells, such
as HD-AdV and other DNA and RNA viral vectors that do not repli-
cate in the target cells.

In summary, we used Cre recombination and showed that the
majority of the AdV genome detected in infected cells indicated
successfully transduced molecules and that gPCR can certainly be
used for AdV titration. Although cell concentrations and cell types
influence the GIT tremendously, these factors can be corrected
using a “control AdV" in parallel; hence, we established the VT
method, which can be used to determine the amount of actively
infectious AdV genome present in the target cells, This method is
quick, reliable, and superior to current titration methods using
293 cells.
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MicroRNA-140 Acts as a Liver Tumor Suppressor
by Controlling NF-xB Activity by Directly Targeting
DNa Methyltransferase 1 (Dnmtl) Expression

Akemi Takata," Motoyuki Otsuka,' Takeshi Yoshikawa,' Takahiro Kishikawa,' Yohko Hikiba,’
Shuntaro Obi,* Tadashi Goto,' Young Jun Kang,' Shin Maeda,' Haruhiko Yoshida,'
Masao Omata,' Hiroshi Asahara,”®” and Kazuhiko Koike'

MicroRNAs (miRNAs) are small RNAs that regulate the expression of specific target genes.
While deregulated miRNA expression levels have been detected in many tumors, whether
miRNA functional impairment is also involved in carcinogenesis remains unknown. We
investigated whether deregulation of miRNA machinery components and subsequent func-
tional impairment of miRNAs arc involved in hepatocarcinogenesis. Among miRNA-
containing ribonucleoprotein complex components, reduced expression of DDX20 was fre-
quently observed in human hepatocellular carcinomas, in which enhanced nuclear factor-
«B (NF-kB) activity is believed to be closely linked to carcinogenesis. Because DDX20 nor-
mally suppresses NF-«B activity by preferentially regulating the function of the NF-xB-sup-
pressing miRNA-140, we hypothesized that impairment of miRNA-140 function may be
involved in hepatocarcinogenesis. DNA methyltransferase 1 (Dnmtl) was identified as a
direct target of miRINA-140, and increased Dnmtl expression in DDX20-deficient cells
hypermethylated the promoters of metallothionein genes, resulting in decreased metallo-
thionein expression leading to enhanced NF-«kB actvity. MiRNA-140-knockout mice were
prone to hepatocarcinogenesis and had a phenotype similar to that of DDX20 deficiency,
suggesting that miRNA-140 plays a central role in DDX20 deficiency-related pathogenesis.
Conclusion: These results indicate that miRNA-140 acts as a liver tumor suppressor, and
that impairment of miRNA-140 function duc to a deficiency of DDX20, a miRNA machin-
ery component, could fead to hepatocarcinogenesis. (Hepstorocy 2013;57:1162-170)

epatocellular carcinoma (HCC) is the chird

most common cause of cancer-related morral-

ity worldwide.! Although multiple major risk
factors have been identified, such as infection with hep-
atitis viruses B or C, the molecular mechanisms under-
lying HCC development remain poorly understood,
hindering the  development  of novel  cherapeuric
approaches. Therefore, a beter undersaanding of the
molecular pathways involved in hepatocarcinogenesis is
critical for the development of new therapeute oprions.

Nuclear factor-&B (NF-xB) is one of the best-character-
ized invacellular signaling pathways. Irs activdtion is a
common feature of human HCC. > Tt acts as an inhibitor
of apoptosis and as a tumor promoter™” and is associated
with the acquisition of a tansformed phenotype during
hepatocarcinogenesis.® In fact, studies using patient sam-
ples suggese that NF-xB activation in the liver leads o the
development of HCC. Although there are conflicting
reports,” activation of the NF-xB pachway in the liver is
crucial for the inidadon and promotion of HCC.*

Abbreviations: DEN, diethylnitrosamine: Drmel, DNA methyloansforase 1; HCC, heparocellular carcinoma; miRNA; microRNA; sniRNE miRNA-containing
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MicroRNAs (miRINAs) are small RNA molecules that
regulate the expression of target genes and are involved
in various biological ﬁmcnons 512 Although  specific
miRNAs can ﬁmcuon as either suppressors or onco-
genes in wmor development, a general reduction in
miRNA expression is commonly observed in human
cancers.”*? In this context, it can be hypothesized that
deregulation of the machinery components involved in
miRNA  funcrion may be relared to the funcdonal
impairment  of miRNAs and the pathogenesis of
carcinogenesis.

In this sady, we show that the expression  of
DDX20, an miRNA-conmining ribonucleoprorein
(miRNP) component, is frequenty decreased in human
HCC. Because DDX20 is required for both the prefer-
endal loading of miRNA-140 into the RNA-induced
silencing cvi)mpicx and its function,™ we hypothesized
that DDX20 deficiency would lead to hepatocarcino-
genesis via impaired miRNA-140 function. MiRNA-
140 knockout mice were indeed more prone to hepato-
carcinogenesis, and we identified a possible molecular

pathway from DDX20 deficiency to liver cancer.

Materials and Methods

Mouse awnd Liver Twmor Induction. MiRNA-
1407 mice have been described.?® Recombinant mu-
vine tumor nccrosis factor-o (TNF-u) (25 pglkg:
Wako, Osaka, Japan) was injected into the il vein,
and the mice were sacrificed 1 hour later. To induce
liver tumors, 15-day-old mice received an intraperito-
neal injection of diethylnicrosamine (DEN) (25 mg/ke
body weight), and were sacrificed 32 wecks later. All
animal experiments were performed in compliance
with the regulations of the Animal Use Commitcee of
the Umvemr\f of Tokyo and the Tnsdrure for Adulc
Disease, Asah: Life Foundation.

Plasmids. FLAG- L‘u{gud human DDX20-expressing
plasmids were as described.™ The pGL3-based reporter
plasmid containing Dnmtl 3" untranslaed  region
{UTR) sequences was provided by G. Marucucci. 25
Detailed Materials and Methods. The detailed ex-
perimental procedures of clinical samples, cells, plas-
mids, reporter assays, reverse-transcription polymerase

TAKATA ET AL, 163

Table 1. Cases with Differential Expression Levels of miRNP
Components in HCC (n = 10)

Gene 10 Gene Symbol Decreased Increased No Change
23405 Dicerl 2 1 7
27161 EIF2C2 (8G02) 1 1 &
85895 TARBP2(TRBP2) 2 0 8
11218 DDX20 (GEMING) 3 0 2
50628 GEMINA 1 5} g

The expression levels of each miRNP component were determined via
irmunchistochemistry.

The numbers indicate the number of cases that had the differential expres-
sion levels (decreased, increased, or no change) in HCC tissues compared with
those in surrounding fiver tissues.

chain reaciion (RT-PCR) analysis, antibodies, western
blotting, cell assays, immunohistochemistry, microarray
analysis, methylation analysis, and electrophoretic mo-
bility-shift assay are described in the Supporting
Information.

Statistical Analysis. Stadistically significant differen-
ces between groups were determined using a Wilcoxon
rank-sum rest. A Wilcoxon signed-rank test was used
for statistical comparisons of protein expression levels
between HCC and surrounding noncancerous tissues.

Resulis

DDX20 Expression Is Frequently Decreased in
HCC. The expression levels of proteins reported to be
miRNP components (Dicer, Ago2, ’I'RBP" DDX20
[also known as Gemin3]. and Gemind)*® were initially
determined via immunohistochemistry in HCC and
noncancerous  background  liver tissues  from 10
patients. DDX20 expression was lower in HCC tssue
compared with the surrounding noncancerous tissue in
8 of 10 cases, whereas expression of the other genes
was unchanged (Table 1 and Suppom’na Fig. 1)
Therefore, and because DDX20 was recently 1dcmiﬁcd
as a possible liver tumor suppressor in mice, 7 we
determined its role as a human HCC suppressor.

DDX20 protein expression was lower in several
HCC cell lines, such as Muh7 and Hep3B (Fig. 1A},
compared with normal hepatacyres. DDX20 protein
levels were also lower in human HCC needle biopsy

specimens than in surrounding noncancerous liver
tissue  (Fig. 1B}, Immunohistochemical — analysis
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Fig. 1. Reduced DDX20 expression levels in hepatocelluler carcinoma. (A) DDX20 protein expression in HCC cell lines. Numbers between the
panels indicate DDX20 protein levels normalized to fS-actin levels. Lysates of 2937 cells transiently transfected with a FLAG-tagged DDX20-
expressing plasmid yielded two DDX20 bands corresponding to the endogenous DDX20 protein and the transfected FLAG-tagged DDX20 protein
(*) as a positive control {p.c.; far right lane). Data represent the results of three independent determinations. (B) DDX20 protein exprassion in
four HCC needle biopsy specimens and in the surrounding noncancerous background liver tissue (Back). *Positive control. {C) Immunohistechem-
ical analysis of DBX20 protein expression in HCC and swrounding tissues (background liver). Two representative cases are shown. Scale bars,
500 pm. The lower panels display magnified images of the boxed areas in the upper panels. (D) Grid summarizing DDX20 immunohistochemical
staining data from 70 cases. In 47 cases (pink shading), DDX20 protein levels were lower in the HCC tissues than in the surrounding tissues

(P = 0.05; Wilcoxon signed-rank test).

confirmed that DDX20 expression was frequently
lower in HCC than in surrounding noncancerous liver
tissue (Fig. 1C,D). Specifically, 47 of 70 cases exam-
ined showed reduced DDX20 protein expression in
HCC versus background noncancerous liver dssuc
(Fig. 1D and Supporting Table 1). These resules indi-
cate that the expression of DDX20, an miRNP com-
ponent, is frequenty reduced in human HCC, and
suggest that this reduced DDX20 expression might be
involved in the pathogenesis of a subset of HCC cases.

NF-xB Activity Is Enhanced by DDX20 Deficiency.
Because  DDX20  knockout
fethal,” DDX20 has been suggested to have important
biological roles. DDX20, a DEAD-box protein.*” was
originally found 1o interact with survival motor neuron
protein.”’ Larter, it was identified as a major compo-
nent of miRNPs,”! which may mediae miRNA func-
tion. As we have reported, DDX20 is preferendally
involved in miRNA-140-3p function, > acting as a
suppressor of NF-xB activity in the liver.” DDX20-
knockdown PLC/PRE/S cells exhibit enhanced NF-xB
adti\’ity?j (Fig. 2A). Whereas the proliferation rates of
DDX20-knockdown cells and control cells were com-
parable (Fig. 2B), apoprotic cell death after stimulation
with TNF-related apoprosis-inducing ligand (TRAIL),

mice are embryonic-

which induces both cell apoptrosis and NF-xB activa-
don,™ was significandy reduced in DDX20-knock-
down cells (Fig. 2C). Similar resules were obrained
using DDX20-knockdown HepG2 cells (Supporting
Fig. 2A-D). Conversely, NF-xB activity was reduced,
but cell proliferation remained unchanged, in Hep3B
cells stably overexpressing DDX20 (Fig. 2D,E). Sensi-
tivity to TRAIL-induced apoptosis was restored in
these cells (Fig. 2F). Similar resules were also obtained
using Huh7 cells (Supporting Fig. 2E-H). These dara
confirm a previous report that DDX20 deficiency
enhances NF-xB activity and the downstream events
of this pathway. ,

Metallothionein Expression Is  Decreased by
DDX20 Deficiency. Next, w investigate the biological
consequences of DIDX20 deficiency, we examined the
changes in wanscrip levels in DDX20-knockdown
cells using microarrays (GEO  accession  number:
(GSE28088). The expression of genes driven by NF-xB
that are related to carcinogenesis, such as FASLG,
[RAKY, CARDY, and Galectin-1, were ephanced sig-
nificandy in DDX20-knockdown cells, as expected
(Table 2). To determine the mechanism underlying che
enhanced NF-xB activation in DDX20-deficient cells,
we searched for candidate genes and noticed that the
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Fig. 2. Modulation of downsteam events of the nuclear factor-xB pathway by DDX20. (A) Left: Establishment of stable DDX20-knockdown
(DDX20 KD) PLC/PRE/S cells, *Positive control (p.c.). Right: DDX20 deficiency enhances TNF-u-induced NF-xB activity. NF-wB reporter plasmids
were transiently transfected into control (Ctrl) or DDX20-knockdown (KD) PLC/PRF/5 cells. The cells were then treated with TNF-o (5 ng/ml) or
vehicle for 6 hows. *P < 0.05. Data are presented as the mean &= SD of three independent determinations. (B) Cell proliferation rates were
sompatable for control (Ctil) and DDX20-knockdown (KD) PLC/PRF/3 cells. Data are presented as the mean = 8D of three determinations. (C)
DDX20 deficiency reduces TRAIL-induced apoptotic cell death. Control (Ctd} and DDX20-knockdown (KD) PLC/PRF/5 cells were incubated with
25 ng/ml TRAIL. Data represent cell viability after TRAIL stimulation (gray bars) relative to the number of vehicle-treated cells {white bars). *P
<0.05. Data are presented as the mean == SD of triplicate determinations. (D) Left: Establishment of stable DDX20-overexpressing cells. Hep3B
cells were infected with control or FLAG-tagged DDX20-overexpressing lentiviruses and selected on puromycin, Western blot analysis confirmed
increased expression of DDX20 protein. Right: DDX20 overexpression suppresses TNF-x-induced NF-xB activity. NF-xB reporter plasmids were
transiently transfected into Hep3B control (Ctl) and DDX20-overexpressing (DDX20) cells treated with TNF-« for 6 hours. Data are presented as
the mean = SD of three independent determinations. *P < 0.05. {E) Proliferation of control {Ctr} and DDX20-overexpressing (DDX20} Hep3B
cells was measured as described in (B). (F) DDX20 overexpression reduces TRAlL-induced apoptotic cell death. Data for control (Ctrl) and
DDXZ20-overexpressing (DDX20) Hep3B cells are shown. *P < 0.05.

Table 2. Increased Expression of NF-xB-Related Genes in DDX20-Knockdown HepG2 Cells Compared with Wild-Type Cells

RefSeq D Symbo| Deseription Ratio Representative Gene Function
NK_DU0B39 FASLG Fas ligand 3.5 NF-xB target, apoptosis
NWM_052813 Qo151 CARDS 2.5 NF-x8 cascade, NF-xB target
HM_014959 CARDS Turmer up-regulated CARD-containing 2.2 NF-xB target
antagonist of CASPY (TUCAN)
NM_131917 FAFL FAS-associated facior 1 (hFAFL) 1.9 Cytoplasmic sequestering of NF-xB, NF-xB target
NM_020644 TMEMIE Transmembrang protein 9B precursor 1.9 Positive regulation of NF-xB transcription factor activity
NM_D17544 NKRF 1BA4 protein 1.9 Negative regulation of transcription
NM_006247 PPP&EC Protein phosphatase 7 1.8 Paositive regulation of NF-xB cascade
NM_020345 NKIRAS 1 KappaB-Rasl 1.8 NF-xB cascade
NM_001569 IRAK1 [RAK-1 ' 1.7 Paositive regulation of NF-xB transcription factor activity
NM_1779351 PPM14 Protein phosphatase 1A 1.7 Positive regulation of NF-xB cascade
NM_018098  ECT2 Epitkelial cell-transforming sequence 2 oncogene 1.6 Positive regulation of NF-xB cascade
NIM_D02305 LGALS?T Galectin-1 {putative MAPK-activating protein MP12) 1.8 Positive regulation of NF-xB cascade
WM, 015093 TAB2 TAK1-binding protein 2 1.8 Positive regulation of NF-xB cascade
NM_D04180 TANK TRAF-interacting protein 1.5 NF-xB cascade
NM_014578 PBCDIL Programmed cell death protein 11 1.5 fRNA processing
MK 015336 ZDHHCIT Putative NF-xB-attivating protein 205 1.5 Positive regulation of NF-xB cascade
NM_002503 NFKBIB K8-B 1.5 Cyioplasmic sequestering of NF-xB
NM_138330 INF6TS Zing finger protein 675 15 Negative regulation of NF-xB transcription factor activity

Tne genes were identified as NF-wB-rglated hased on the Gene Ontology and the GenaCodis Databases.
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Table 3. Decreased Expression Levels of MT Genes in DDX20
Knockdown HepG2 Cells Compared with Wild-Type Cells

Symbol Description Ratia
MTLE tetallothionein-1E 0.12
MT1F Metallothionein-1F 0.36
MTiH tdetailothiongin-1H 0.16
MT1G Metallothionein-1G 0.06
MTIM Metaliothionein-1M 0.24
MTIX Metaliothionein-1X 0.27
MTZA Metaliothionein-2 0.28
MT3 Metallothionein-3 0.84
MTLS Metallothionein-like 3 (Tesmin} 1.12

Numbers in boldface type indicate values <0.5.

expression levels of a group of metallothioncins (MTs),
such as MT1E, MTI1E MT1G, MTIM, MTIX, and
MT2A, were all significandy decreased when DDX20
was deficient (Table 3). The decreased expression of
MTs in DDX20-knockdown HepG2 and PLC/PRE/S
cells was confirmed via quanttadve RT-PCR (Fig. 3a
and Supporting Fig. 3). Expression of MT-3, which
was not altered in the microarray analysis, was simi-
larly unaltered in quantitatve RT-PCR analysis. Nota-
bly, it was alrcady known that MTs are frequently
silenced in human primary liver cancers.™ ¢ In addi-
tion, MT knockout mice have enhanced NF-kB activ-
ity, likely due to reactive oxygen species, and these
mice are more prone to hepatocarcinogenesis.” These
resules suggest that DDX20 deficiency enhances NF-
kB acrivity by decreasing the expression of MTs, which
could facilitate the development of liver cancer.
MiRNA-140 Directly Targets Dumtl. Because MT
expression is regulated principally by CpG  island
methylation in their promoter regions,”* we exam-
ined the quandtative methyladon saws of MT pro-
moters in DDX20-knockdown cells. The CpG islands
of the MTIE, MTIG, MTIM, MTIX, and MT2A
promoters, and the CpG shores of the MTIE pro-
moters, were significantly more highly methylated
under DDX20-deficient conditons, as determined by
the comprehensive INumina Quandrative Methylation
BeadChip mecthod (Table 4, Supporting Table 2, and
GSE 37633). A crucial step in DNA mechylation
involves DNA methyleransferase (Dnmzt), which cata-
lyzes the methylation of CpG  dinucleotdes in
genomic DNA.*® The methylation status of MT pro-
moters is mediated specifically by Dnmtl.*' Because
Dnmtl contains a predicted miRNA-140-3p rarger
site in its 3’ UTR, with a perfect match to its seed
sequences (Fig. 3B), and because the effects of
miRNA-140-3p activity were impaired in DDX20-
knockdown cells,” it was hypothesized that whereas
miRNA-140 normally targets and suppresses Dnmtl
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protein expression, miRNA-140-3p dysfuncidon due ro-
DDX20 deficiency results in enhanced Dnmtl expres-
sion, leading to hypermethylacdion of MT promoters.
Consistent with this hypothesis, Dnmrtl expression was
increased significantly in DDX20-knockdown cells
(Fig. 3C). miRNA-140 precursor overexpression sup-
pressed activity of the Dnmel 3° UTR reporter con-
struct, the cffect of which was lost when two muta-
tions were introduced into its seed sequences (Fig.
3D). MiRNA-140 precursor overexpression suppressed
Dnmil prowin expression {Fig. 3E). These resules
indicate that miRNA-140 directly rargets Domtl and
suppresses its expression in the normal state. Consis-
tenty, decreased DDX20, increased Dnmel, and
decreased MT expression were detected together in
human dinical HCC samples, as determined via
(Fig. 3F). By contrast,
miRNA-140  precursor-overexpressing  Huh7  cells
showed increased expression of MTs and reduced NF-
KB activity in vitro (Supporting Fig. 4A,B). Morcover,
the increase in the number of spheres formed from
PLC/PRE/S cells due o DDX20 knockdown was
antagonized by treatment with an NF-xB inhibicor or
a demethylating agent (Supporting Fig. 5). Taken to-
gether, these results suggest thar the  up-regulated
Damtl protein  expression caused by functional
impairment of miRNA-140-3p due o DDX20 defi-
ciency results in decreased expression of MTs wi

immunohistochemisury

via
enhanced methyladon at the CpG sites in their pro-
moters. This may lead to enhanced NF-xB activity
and cellular transformarion at least i virvo.
MiRNA-140 Is a Liver Tumor Suppressor. To fur-
ther examine the biological consequences of funcrional
impairment of miRNA-140 due to DDX20 deficiency,
we determined the phenotypes of miRNA-140 knock-
out (MiRNA-140""") mice (Fig. 4A). Similar to the in
vitro DDX20 knockdown results, Dnmtl expression
was increased and MT levels decreased in the liver ds-
suc of these mice (Fig. 4B). NF-xB~DNA binding ac-
tivity was enhanced in the livers of miRNA-140""
mice after wil-vein injection of TNF-2, a crucial cyto-
kine that induces NF-xB actvity and hepatocarcino-
genesis {Fig. 4C). As was found in MT knockour
mice, phosphorylation of p65 at serine 276, which is
critical for p63 activation, was significantly increased
in the livers of miRNA-140""" mice after DEN expo-
sure, which induces NF-xB activation and liver
wmors® (Fig. 4D). Notably, the size and number of
liver tumors that developed 8 months after DEN ex-
posure were markedly elevated in miRNA-1407""
mice compared with control' mice (Fig, 4E,F). These
resules indicate char miRNA-140""" mice are indeed
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Fig. 3. Targeting of Dnmtl by miRNA-140-3p and reduced MT expression. {A) The expression levels of MTs were determined using quantitative
reverse-transcriptase polymerase chain reaction. The relative expression ratios of the MTs in control (white bars) and DDX20-knockdown (black
hars) HepG2 cells were calculated by normalizing control cell values to 1.0. The data represent the mean £ SD of three independent determina-
tions, *P < 0.05. (B) Putative miRNA-140-3p target sites in the 3’ UTR of human Dnmtl. Seed sequences are indicated in red. {C) Dnmti
sxpression was increased in DDX20-knockdown cells. Ctdl, contrel cells; KD, DDX20-knockdown cells. (D) Left Schematic diagrams of wild-type
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knockdown cells. (F) Representative histochemical images showing expression of DDX20, Dnmtl, and MT proteins in HCC (upper three panels)
and surrounding tissue {lower panels). Compared with adjacent noncancerous fiver tssue, HCCs exhibited decreased DDX20 and MT expression
and increased Dnmtl expression. Note that adjacent sections were stained for each protein. Scale bar, 50 um.
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Table 4. Methylation Levels in CpG Islands of the MT Genes
in DDX20-Knockdown HepG2 Cells Compared with Control

Cells
CpG Island
Symbol Methylfation Ratio Target 1D
MTIE 1.14 cg0178359
1.29 cgB463589
3.65 cg02512505
1.02 cg15134649
MT1G 2,14 cpl6452857
1.03 cg27367960
1.00 cp3566142
0.99 cg07791866
MTIM 1,16 cg02132560
0.98 cg02180530
1.03 cg04994964
MT1X 1.24 cg05596720
1.05 cg26802333
1.06 c209147380
1.01 cg08872713
MI24 2.06 cg07395075
0.94 cg20430434

Values were determined using the quantitative lllumina Human Msthylation
BeadsChip. Boldface values indicate increased methylation levels in DDX20
knnckdown cells.

more prone to liver cancer development and suggest
that miRNA-140 acts as a liver tumor suppressor,
probably by suppressing NF-xB activicy, although we
cannot completely exclude other molecular mecha-
nisms. Nonetheless, these results also suggest that the
tmpairment of miRNA-140 function due to DDX20
deficiency may lead to hepatocarcinogenesis in
humans, as we have observed in miRNA-140""" mice
(Supporting Figs. 6 and 7).

Discussion

Here, we report thar miRNA-140""" mice have
increased NF-kB activity and are more prone o HCC
development. In addition, we show thar DDX20, an
miRNP component, is frequently decreased in human
HCC dssues. Because DDX20 deficiency preferentally
causes impaired miRNA-140 function,™ the functional
impairment of miRNA-140 may result in phenorypes
similar to those of miRNA-140""" mice and may lead
to heparocarcinogenesis. In support of the hypothesis
thar DDX20 dysfunction is involved in hepatocarcino-
genesis, DDX20 is located ar 1p21.1-p13.2, a fre-
quently deleted chromosomal region in human
HCC,” and DDX20 was recenty identified as a pos-
sible liver tumor suppressor in a functional screen in
mice.”” Although the possibility that intracellular sig-
naling pathways other than miRNA-140 may also be
involved in the biological consequences of DDX20
deficiency cannot be denied, we believe that funciional
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impairment of miRNA-140 plays a major role in the
phenotypes induced by DDX20 deficiency, based on
the phenotypic similarides.

Changes in miRNA  expression levels have been
reported in various tumors.”'>** However, in this
study, we found that reduced expression of an miRNA
machinery component mighe lead to carcinogenesis, ac
least in part, through functional impairment of miR-
NAs. Recent studies have shown that components of
the RNA interference machinery are associared with
the outcome of ovarian cancer patients,™ and that sin-
gle-nucleotide polymorphisms in miRNA machinery
genes can be used as diagnostic risk markers.****
Therefore, the impairment of miRNA function caused
by deregulated miRNA machinery components may
also be involved in carcinogenesis.

Our study identified Dnmtl as a cridcal targer of
miRNA-140. The decreased MT expression due to the
CpG  promoter methylation induced by Domtl
resulted in enhanced NF-xB activity. This finding was
consistent with the results obtained using MT gene
knockout mice, in which enhanced NFE-xB actvaton
promoted hepatocarcinogenesis.”” The decrease in MT
expression that results from increased Dnmtl expres-
sion caused by functional impairment of miRNA-140,
together with increased NF-xB activation and hepato-
carcinogenesis in MT knockout mice,” supports the
concept that the DDX20/miRNA-140/Dnmtcl/MT/
NE-kB pathway may play a crucial role in hepatocarci-
nogenesis. However, we cannor fully exclude the possi-
bility that other intracellular signaling pathways are
also involved in the induction of hepatocarcinogenesis
by miRNA-140 or DDX20 deficiency, because the
precise role of NF-xB in hepatocarcinogenesis has not
been clearly defined,® although constitutive activation
of NF-xB signaling has been frequently detected in
human HCCs.*® The mechanisms by which DDX20
expression is initially decreased and the reason its locus
is frequendy deleted in HCC remain to be clucidared.
However, because DDX20 expression is also regulated
by methylation of its CpG promoter,”” once this path-
way is deregulated, decreased DDX20 expression could
be maintained by a positive feedback mechanism, even
without delerion of its locus.”

In conclusion, this study shows that miRNA-140

acts as a liver tumor suppressor. We show thar
DDX20, an miRNP component, is frequendy

decreased in human HCC, which may induce hepato-
carcinogenesis via impairment of miRNA-140 func-
tion. These results suggest the importance of investiga-
of not only aberrant miRNA  expression
AT bue also  deregulaton of miRNP

tons
levels,
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Fig. 4. miRNA-140"" mice are prone to hepatocarcinogenesis. (A) Representative genotyping of mice with wild-type or mutant alleles. PCR
genotyping was performed for miRNA-140 wild-type (419 bp; Wild) and knockout {734 bp; Mutant) alleles. {4/}, wild-type; {4/ -}, heterozy-
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pendent experiments is shown. (D) Western blotting for phosphorylated p65 expression in the liver at 32 weeks after DEN treatment in miRNA-
14077 mice compared with wild-type mice. A result representative of four independent experiments is shown. (E) Representative histological
images of mouse liver at 32 weeks after DEN treatment. Arows indicate tumors. Higher-magnification images of the highlighted areas in the
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22 . . . ~ e o . e deae a3 3 } § .
components,” with subsequent impairment of miRNA 3. Karin M. Nuclear factor-kappaB in cancer development and progres-
. . sion. Na 2006:441:431-436,
funcrion as molecular pathways and possible therapeu- sion. Nature 2006:341:431-436

) i ; : N 4. Luedde T, Schwabe RE NF-xB in the live—dinking injury, fibrosis
tic targets for carcinogenesis and other diseases. and hepatocellular carcinoma. Nav Rev Gastroenterol Heparol 2011;8:

T08-118.
5. Pikarsky E, Porat R, Swein 1, Abramovitch R, Amir 5. Kagem 5, er al.
NF-kappaB funcions as a wumour promoter in inflammation-associated
REfefences cancer. Narure 2004:431:461-466,
[. Parkin D, Bray E Ferlay ], Pisani P Global cancer saatisties, 20602, CA 6. Liu B Kimmoun E, Legrand A, Sauvancr A, Degerr C, Lardeux B,
Cancer ] Clin 2005;33:74-108. et 2l Actdvadon of NF-kappa B, AP-1 and STAT wansciption factors
2. Black T, Mchw A, Fimmel C, Jordan R. Malecular viral oncolagy of is a frequent and carly event in human hepatocellular carcinomas.
heparocellular carcinoma. Onecogene 2003;22:5093-5107. ] Hepatol 2002:37:63-71.



170

1

‘CC«

g

ja)

L

i

. Calin GA, Croce CM. MicoRNA signatures o human cancers,

. Thomson }, Newman M., Parker J, Morin-Kensicl

. Melo SA,

. Gagzon: R, Heaphy CE,

TAKATA ET A
T E Shi ], Budhu A, Y Z, Forgues M, Roesster 3, et al. MicroRNA
ex prc&smn‘ survival, and response to interferon in liver cancer. N Fngl
1 Med 2009:361:1437-1447.

Feng GS. Conflicting roles of molecules in hepatocarcinogenesis: para-
digm or paradox. Cancer Cell 2012:21:150-154

. Barrel DR MicroRNAs: rger recognition anai regulatary functions,

Cell 2009:136:215-233.

Ousuka M, fing €, Georgd B New L, Chen [, Mols ], ccal. Hypersuscepd-
bility to vesicular stomacits virus infection in Diceri-deficient mice is due
to impaired miR24 and miR93 expression. Immunity 2007:27:123.134.

. Owuuka M, Zheng M, Hayashi M, Lee 1D, Yoshine O, Lin S e al.

Tmpaired microRNA processing causes corpus lutesm insufficieney and
inferlity in mice. ] Clin Invest 2008:118:1944-1954.

. Kojirmna K, Takata A, Vadnats C, Owuka M, Yoshikawa T, Akanuuma

M, e al. MicroaRNAT22 is a key regulator of 2-fetoprotein expression
and influences the aggressiveness of hepatocellular carcinoma. Nac
Commun 2011:2:338.

. Chang T-C, Ya D, Lee ¥-5, Wenwel EA, Arking DE, West KM, et al.

Widespread microRNA repression by Mye contributes to tumorigene-
siv. Nav Genet 2008:40:43-50.

cLu ], Gew G, Miska EA, Abarez-Saavedra E, Lamb ], Peck D, et al

MicroRNA expression profiles dlassify human cancers. Nawre 2005;
435:834-838.

Nat
Rev Cancer 2006:6:857-866.

. Gaur A, Jewell DA, Liang Y, Ridzon D, Moore IH, Chen €, er al.

Characterization of miccoRNA expression levels and their biological
corvelates in human cancer celf fines, Cancer Res 2007;67:2456-2468.
Kamar M8, Lu |, Mereer KL, Golub TR, Jacks T. Impaired microRNA
processing enhances eclular tansformadon and wmodgenesis. Nac
Genet 2007:39:673-677.

. Lamberzz L Ninner D, Mesidagh B Denecker Go Vandesompele

Dyer MA, et al. Monoallelic but not biallelic loss of Dicerl promotes
3-G41.

tumorigenesis in vivo, Cell Death Differ 2010:17:633

. Owsuka M, Takata A, Yoshikawa T, Kojima K, Kishikawa T, Shibata C

et al. Recepror for activared protein kinase C: requirement for cmacnt
mictoRNA function and reduced expression in heparoceliular carci
noma. PLoS One 2011;6:¢24359.

. Lujambio A, Esteller M. Cp(G island hypermethylation of tumor sup-

pressor microRNAs in human cncer. Cell Cycle 2007:6:1435-1459.
VE, Whighe T, Ham-
mond 3. Extensive post-transcripdonal regulation of micoRNAs and
its implications for cancer. Genes Dev 2006:2(02202-2207.

topero S, Moutinho C, Aaltonen LA, Yamamoto H, Calin
GA, et al. A TARBP2 mudos in human cancer impairs microRINA
processing und DICERT funcidon. Nar Gener 2009;:41:365-370.

Takaea A, Qusuka M, Yoshikawa T, Kishikawa T, Kudo Y. Goto T, et al.
A miRNA machinery component DDN20 conwols NF-kB via micro-
RNA-140 funcdon. Biochem Biophys Fes Comemun 201 2:13:364

- Miyaki S, Sawo T Ineue A, Owuki S, ho Y, Yokoyama S, et al. Micro-

RNA-140 plays dual roles in both cardilage development and homeosta-
sis. Genes Dev 2010;24:1173-11585.

Havelange V, Fabbei M, Volinia S, Two T,
MicroRNA 29b funcdons in acute mycloid leukeria. Blood

2009:114:5331-5341

-

. Mourclatos 7. Dusm 1. Paushkin §, Sharma A, Charroux B, Abel L,

et al. miRNTs: a novel dlass of ribonucleoprotetns containing numerous
microRNAs. Genes Dev 2002:16:720-728.

. Zender L, Xue W, Zuber [, Semighini C, Krasniz A, Ma B, «t al. An

oncogenomics-based in vivo RNAL screen identifies umor suppressors
in liver cancer. Cell 2008:135:852-864.

. Mouiller |, Yan X, Ou Q, Jin L, Mughia L, Crawford T et 2l DEAD-

box prowin-103 {DP103, Ddx20) is essendal for early embryonic
development and modulates ovarlan morphology and funcden. Endo-
crinology 2008;:149:2168-2175,

i
&

39.

o
=~

47,

48.

. Majumder S,

. Ghoshal K, Majumder §, Lt Z, Dang X

. Muajumder 5, Kuy H, Data [, Summers D, Jacob ST

. Hortkawa Y, Wood CG, Yang H.

149

HEPATOLOGY, January 2013

. Voss M. Hille A, Barth S, Spurk A, Hennvich B Holeer D, e¢ al. Fune-

2 and che sur-
wival motor neuron protein in transactivation of the viral LMPI
promoter. | Viral 2001:75:11781-11790.

tonal cooperation of Epstein-Barr virus nudear antigen

. Charroux B, Pellizzoni L, Perkinson R, Shevchenko A, Mann M, Drey-

fuss G. Gemin3: a novel DEAD box protein thar interaces with SMN,
the spinal muscular awrophy gene product, and is a2 component of
germs. | Cell Biol 1999:147:1181-1194.

. Huwidgner G, Zamore B A microRNA in a multple-turnover RNAJ

056-2060.

enzyme complex. Science 2002297

. Takata A, Otsuka M, Kojima K, Yoshikawa T, Kishikawa T, Yoshida

H. et al. MicroRNA-22 and microRNA-140 suppress NF-xB activiry
by regulating the expression of NE-kB coactivators. Biochem Biophys
Res Commun 2011;41 1:826-83 1.

. Hu W, Johnson H, Shu H. Tumor necrosis factor-related apoprosis-

inducing ligand receprors signal NF-kappaB and JNK activation and
apoprosis  through  distinee  pathways. | Biol  Chem 1999274
30603-30614.

. Cherian MG, Jayasurya A, Bay BH. Metallothioneing in human tumors

and potendal roles in carcinogenesis, Mutar Res 2003;533:201-209.

. Huang GW, Yang LY. Mewllothioncin expression in hepatocellular car-

cinoma. World ] Gaswroenterol 2002:8:650-633

. Daa ], Majumder S, Kuray H, Maotiwala T, Franke W, Cosaa R

<t al. Meeallothionein expression is suppressed it primary hurman hepa-
socellular carcinomas and is mediated hrough inactivadon of CCAATY
enhancer binding protein alpha by phosphatidylinosital 3-kinase signal-
ing cascade, Cancer Res 2007:67:2736-2746.

Roy S, Kaffenberger T, Wang B, Costincan §, Frankel ¥/
et al. Loss of mewlldthionein predisposes mice 1o diethylnitrosamine-
induced hepatocarcinogenesis by activadng NI-kappaB targer genes.
Cancer Res 2010:70:10265-10276.

{, Jaznb ST. Suppression of me-
tallothionein gene expression in a hcp“wzm beaause of promoter-
specific DNA methylation. ] Biol Chem 2000:275:539-347,
Harringron MA, Jones PA, Imagawa M, Karin M. Cytosine muthyla-
Proc Natd

ton does not affect binding of tanseription factor Spl.
Acad Sci U S A 1988:85:2066-2070.

.1 E, Beard , Jaenisch R. Role for DNA methylation in genomic

imprinding. Nature 1993:366:362-363,

Ghoshal K.
Epigenctic regulation of metallothionein-i gene expression: differential
regulation of methylated and unmedhylated promoters by DNA meth-
ylransferases and mebyl CpG binding prowins. | Cell Biochem 2006;
97:1300-1316.

. Garzon B, Calin G, Croce C. MicroRNAs in cancer. Annu Rev Med

2009:60:167-179.

- Merriee W, Lin ¥, Han 1, Kamat A Spannuth Wi Schmande B, ecal.

Dicer, Drosha, and outcomes in patients with avarian cancer. N Engl |
Med 2008;350:26:41-2650.

> HL Ye Y, Gu §, ecal. Single nu-
clestide polymorphisms of mictoRNA machinery genes modify the risk
of remal cell carcinoma. Clin Cancer Res 2008;14:7956-7962.

Yang H, Dinncy CB Ye ¥, Zhu Y, Grossman HB, Wy X Fvaluation of
genetic variams in microRNA-related genes and risk of bladder cancer.
Cancer Res 2008:68:2330-2537.

. Wu JM, Sheng H, Saxena R, Skill NJ, Bhat-Nakshatri B Ya M. et al.

NE-kappaB inhibition in human hepaweellular carcinoma and i
porential a5 adjunce to sorafenib baved therapy, Cancer Lert 2009:278;
145133,

Cebhard C, Schwarzfischer L, Pham T, Andreesen R, Mackensen A,
Rehli M. Rapid and sensitive detection of CpG-methyladon using
methyl-binding (MB)-PCR. Nucleic Acids Res 2006:34:¢82.

Mareello G, Rosato A, Ferrad B Manfrin A, Cordenonsi M, Dupont §,
et al. A microRNA wrgeting dicer for mevsstasis control, Cell 2010;
141:1195-1207.



150

Cuse Renarisin | Case Rep Gastroenterol 2012;6:784-789 | Published online: | @ 2012 5. Karger AG, Basel
’ - DOI: 10. 1159!030346452  December 22, 2012 | ISSN 1662-0631
: www.karger.com/crg

This is an Open Access article licensed under the terms of the Creative Commons
Attribution-NonCommaercial-NoDerivs 3.0 License (oo oo coon 00 e nee ), applicable
to the online version of the article only. Distribution for non~commercxal purposes only.

Kazuya Okushin® Yoshinari Asaoka® Izumi Fukuda®
Naoto Fujiwara® Tatsuya Minami® Masaya Sato’
Shintaro Mikami® Koji Uchino® Kenichiro Enooku®
Yuji Kondo® Ryosuke Tateishi® Tadashi Goto®
Shuichiro Shiina® Haruhiko Yoshida® Kazuhiko Koike®

*Department of Gastroenterology, Graduate School of Medicine, The University
of Tokyo, and "Department of Medicine I, Tokyo Women’s Medical University,
Tokyo, Japan

Key Words
IGF-il - Hepatocellular carcinoma - Sorafenib - Metabolic complications - Molecular

targeting therapy - IGF sighal - Hypoglycemia

Abstract

Hypoglycemia is a rare paraneoplastic manifestation of patients with neoplasms.
Hypoglycemia can be induced by several causes, including an aberrant increase of
hypoglycemic agents and adrenal insufficiency. Sorafenib is the first agent to demonstrate a
survival benefit in the treatment of advanced hepatocellular carcinoma (HCC). This small
molecule inhibits serine/threonine kinase RAF in tumor cells and tyrosine kinases
VEGFR/PDGFR in tumor vasculature and decreases tumor growth and angiogenesis. In this
paper, we report a case of HCC who was treated with sorafenib and showed severe
hypoglycemia. This hypoglycemia might be induced by two causes, both adrenal
insufficiency as an adverse effect of sorafenib and activation of the insulin-like growth factor
(IGF) signal by excessive secretion of incompletely processed precursors of IGF-I1. Although
the IGF signal is suggested to be involved in aberrant growth of HCC in some cases, there is
no other report showing the influence of sorafenib on HCC with active IGF signal.
Unfortunately, the effect of sorafenib was limited in the present case. However, emerging
drugs that directly inhibit the IGF signal can be expected to be highly effective in the
treatment of HCC with hypoglycemia.
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Introduction

Hypoglycemia is a rare but well-known paraneoplastic manifestation of patients
with neoplasms, including hepatocellular carcinoma (HCC), which is referred to as
non-islet cell tumor-induced hypoglycemia (NICTH} | 7 .. Excessive secretion of
incompletely processed precursors of insulin-like growth factor-1I (termed the ‘big’
IGF-11) has been suggested to cause NICTH. The IGF signal is involved in both glucose
metabolism and cellular proliferation =, The ‘big’ IGF-1I excessively stimulates both
IGF-T and the insulin receptor, inducing hypoglycemia and tumor growth. In the era of
molecular-targeted therapy, agents targeting the IGF signal are being developed to treat
lung and pancreatic cancers | = . Although this signal is suggested to be involved in
aberrant growth of HCC | clinical trials using these agents against HCC have been
initiated only recently.

Sorafenib is the first agent to demonstrate a survival benefit in the treatment
of advanced HCC : " . This small molecule inhibits serine/threonine kinase RAF
in tumor cells and tyi osine kinases vascular endothelial growth factor receptor
(VEGFR)/platelet-derived growth factor receptor (PDGFR) in the tumor vasculature,
decreasing tumor growth and angiogenesis.

In this paper, we report a case of HCC that showed severe hypoglycemia and was
treated with sorafenib. Since RAF is one of the downstream components of the IGF
signal, sorafenib may be effective against tumors with an activated IGF signal. Although
the effect was limited in the present case, emerging drugs that directly inhibit the IGF
signal can be expected to be highly effective in the treatment of HCC with NICTH.

Case Report

A 77-year-old male patient with HCC was referred to the authors’ hospital. As he had no
previous episodes of liver disorders, no imaging procedures had been performed. In February 2010,
he was first admitted to another hospital due to bleeding gastric ulcers induced by non-steroidal
anti-inflammatory drugs. During hospitalization, an abdominal CT scan showed multiple liver tumaors
and multiple lung nodules _ia, b). Based on elevated serum AFP (897 ng/ml) and typical CT scan
images as HCC, he was diagnosed as advanced HCC and referred to our hospital in March 2010,

Administration of sorafenib was initiated at a dosage of 800 mg b.i.d. On day 7, pleural effusion
was detected and his serum potassium concentration was elevated to 5.5 mEq/1. His general
condition declined and he was unable to stand by day 11. On day 14, he was hospitalized because
of hyperpotassemia (6.7 mEq/1) and hypoglycemia (27 mg/dl). Hyperpotassemia improved by the
administration of an intravenous drip infusion of glucose and furosemide, but hypoglycemia
continued at a level of 40 mg/dl. Although the basal levels of adrenal hormones were normal, ACTH
and cortisol did not increase at the time of hypoglycemia, This suggested that the relative adrenal
insufficiency exerted some influence on the hypoglycemia. We started to administer a short-acting
corticosteroid (hydrocortone), and the blood glucose level increased rapidly to around 150 mg/dl

However, several days later, the patient’s morning fasting blood glucose level decreased to
around 20 mg/dl. We administrated a longer-acting corticosteroid and the patient also began to
have late evening snacks. Although a sufficient amount of cortisol (prednisolone 10 mg/day) was
administered, his hypoglycemia continued. We suspected that other factors were involved in the
hypoglycemia, but the serum levels of insulin and IGF-1 were lower than the normal Jimits. We
assayed the patient’s serum using immunoblotting with an anti-IGF-II antibody. The ‘big’ IGF-1I was
detected in the serum (7% 2, lane 2) similarly to the serum of a patient with NICTH (lane 4). Only
mature [GF-11 was detected in the serum of the normal control (Jane 3). Lane 1 was recombinant
IGF-11.
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By day 14 of sorafenib administration, though the number of Jung metastases had increased
{fig. 1d), the size of the liver tumors had not changed (fig. 1c) and the tumor marker levels had
decreased (AFP from 4,112 to 2,381 ng/ml and PIVKA-I1 from 4,645 to 952 mAU/ml) (2.
concluded that sorafenib was effective. The dose of sorafenib was decreased to half (400 mg b id.,
and the patient was discharged. Ten days later, he was hospitalized because of unconsciousness
caused by hypoglycemia. Though the hypoglycemia improved with treatments, sadly the patient died
6 days later of respiratory failure due to advanced lung metastases.

Discussion

We treated a case of IGF-II producing HCC with sorafenib. Several previous reports
have shown NICTH as a rare paraneoplastic manifestation of advanced HCC with a poor
prognosis | . As far as we are aware, there are no reports describing HCC with NICTH
treated with this novel molecular targeted agent, sorafenib. The present case showed
interesting endocrine abnormalities such as hypoglycemia and hyperpotassemia due
to relative adrenal insufficiency. The possibility that sorafenib suppressed adrenal
function must be considered, since there were no other factors known to affect adrenal
function such as metastasis to the adrenal glands. No reports have been identified that
describe adrenal insufficiency due to sorafenib, while the drug is reported to affect
thyroid functions. The possibility that sorafenib played a role in adrenal insufficiency is
also supported by the fact that there are some reports of adrenal dysfunction caused by
a similar molecular agent, sunitinib, targeting VEGFR/PDGFR | 7.

The IGF signal is related to cell proliferation and tumor growth of HCC through
the IGF-1 receptor | . Kaseb et al. | 1] reported that lower plasma IGF-1 levels are
correlated with advanced HCC and poor overall survival. Reactivation of IGF-II,
including the ‘big’ IGF-11, is one of the most frequent mechanisms of IGF signal
activation in HCC. Expression of IGF-I may be suppressed by a negative feedback of
IGE-I1 overexpression, resulting in lower plasma IGF-1 levels.

The ‘big’ IGF-11 is suggested to induce hypoglycemia through IGF-I and the
insulin receptor. Usually, hypoglycemia due to the *big’ IGF-II is not controllable with
continuous infusion of glucose. Reduction of tumor volume by surgical operation *|,
transarterial chemoembolization or systemic chemotherapy | is sometimes effective.
Palliative treatments, including administration of hyperglycemic hormones such as
corticosteroids and growth hormones, are performed, but the effects are transient and
limited.

When the IGF-I receptor is stimulated, the downstream signaling pathways,
including PI3K-AKT-TOR and RAF-MEK-ERK, are activated ' . Sorafenib inhibits the
activation of RAF, However, the efficacy of sorafenib was limited in the present case
(fig. 3). Several drugs that target the IGF signal are under development - . Such drugs
directly inhibit intracellular kinase activities or block the binding of IGF to the
receptors. We suggest that these agents will likely be effective in NICTH cases. In
particular, use of antibodies against [GF-11 will probably be selective and safe in such
cases. :
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. CT scan images before and after the administration of sorafenib. a, b Images before therapy.
¢, d Images after therapy. By the administration of sorafenib, the size of the liver tumors had not
changed (a to ¢}, but the number of lung metastases had increased (b to d).
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2. Immunoblotting images of the patient’s serum with an anti-IGF-11 antibody. The 'hig’ IGF-11
was detected in the patient's serum (lane 2, asterisk) similarly to the serum of a patient with NICTH
(lane 4). Only mature IGF-1l'was detected in the serum of the normal control (lane 3). Lane 1 is
recombinant IGF-I1.
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2.2, Changes in the tumor marker levels before and after the administration of sorafenib. By day 14
of sorafenib administration, the tumor marker levels had decreased (AFP from 4,112 to 2,381 ng/ml
and PIVKA-II from 4,645 to 952 mAU/ml). However, the effects were transient and the tumor marker
levels increased again in spite of the administration of sorafenib.
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Abstract A nationwide survey in Japan revealed that
about 6 % of human immuneodeficiency virus (HIV)-posi-
tive patients arc coinfected with hepatitis B virns (HBV).
To further analyze the features of liver discase in HIV/
HBV-coinfected patients, we analyzed 252 paticnts {rom
six hospitals in the HIV/AIDS (acquired immunodeficiency
syndrome) Network of Japan. The mean age was
39.5 years, and the proportion of male patients was very
high (243 of 252; 96 %). The main transmission route was
male homosexual contact (186 of 232; 74 %), followed by
heterosexual contact. The HBV genotype was determined
in 77 patients. Among them, genotype A HBV was the
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most frequent (58 of 77; 75 %) and was detected almost
exclusively in homosexual patients. Acute hepatitis B was
documented in 21 patients (8 %). Three of the 252 HIV/
HBV-coinfected patients developed advanced liver disease
with the complication of ascites, hepatic encephalopathy,
or hepatocellular carcinoma, A comparison between
patients not treated and those treated with antiretroviral
drugs including anti-HBV drugs revealed that the baseline
liver function was worse in treated patients. However, the
serum albumin levels and platelet counts in both groups
increased after wreatment and were similar. Liver disease-
associated death was not observed. Here, we characterize
the clinical features of liver disease in HIV/HBV-coin-
fected patients in Japan for the first time. The findings
suggest that antiretroviral therapy with anti-HBV drugs
may retard the progression of a liver discase and prevent
liver diseasc-associated death in such patients.

Keywords Acquired immunodeficiency syndrome -
Chronic liver disease - HBV DNA - Genotype

Introduction

The number of human immunodeficiency virus (HIV)-
positive patients is growing in Japan [']. Although com-
bination therapy with antiretroviral agents has made HIV
infection itself somewhat controllable in many cases since
its introduction in 1996, and mortality from opportunistic
infection has decreased, existing comorbidities are the
focus of current patient care. In fact, more than 50 % of
deaths in HIV-l-infected patients arc not related to
acquired immunodeficiency syndrome (AIDS); the mor-
tality from liver disease is second only to AIDS-related
mortality [']. Risk factors related to significant liver
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diseases among HIV-positive patients include a diagnosis
of viral hepatitis [ ], nonalcoholic fatty liver disease [1],
and excessive alcohol consumption [*]. Among these f{ac-
tors, hepatitis B and hepatitis C are of particular impor-
tance because they can often lead to life-threatening
diseases such as cirrhosis and hepatocellular carcinoma by
themselves.

The estimated prevalence of chronic hepatitis B virus
(HBV) infection in Japan is less than 1 %. or 0.9 million
carriers []. However, about 6 % of HIV-positive patients
are coinfected with HBV [7]; this coinfection rate is more
than six times higher than that in the non-HIV population.
In the United States, the HIV/HBV coinfection rate is
reported to be in the range of 6-14 % [1—i0].

Several issues make the management of HIV/HBV coin-
fection complicated. HBV infection tends to be persistent in
HIV-positive patients [/, 17, 1 7]. Chronic HBV infection
may lead to hepatitis, cirrhosis. or hepatocellular carcinoma.
The progression of a liver discase associated with chronic
HBV infection is more rapid in HIV/HBV-coinfected
patients than in HBV-monoinfected patients {1 “].

Combination regimens of antirctroviral therapy (ART)
for coinfected patients should be carefully determined.
Initial combination regimens of ART Jor HIV/hepatits C
virus (HCV)-coinfected patients are basically the same as
those for HIV patients without HCV infection. However,
because some nucleoside reverse transcriptase inhibitors
(NRTIs) used in HIV reatment have activity against HBV,
and some NRTIs mainly used in HBV treaument have
partial activity against HIV [ 1], careful choice of treat-
ment agents is necessary in HIV/HBV coinfection. Abrupt
discontinuation of NRTIs that are active against HBV may
aggravate viral hepatitis. Administration of entecavir,
which has a weak activity against HIV, o HIV/HBV-
coinfected patients without simultaneous effective HIV
treatment may cause the accumulation of drug-resistant
HIV strains [ "~ 7], In such cases, drug resistance of HBYV
may occur as well [+

Drug-induced liver injury following ART is another
concern. HIV/HBV-coinfected patients show an increase in
transaminase level at a higher rate [+, 7], However, 1t is
often unclear whether this increase is caused by drug
hepatotoxicity because the treatment of HIV infection
causes immune reconstruction in patients, which alone
could contribute to the transaminase level increase in viral
hepatitis.

The objective of this study is to clarify the clinical
features of HIV/HBV coinfection in Japan and to clarify
the impact of ART on liver function among HIV/HBV-
coinfected patients. The estimated prevalence of chronic
HBYV infection among the general population in Japan is
decreasing yearly, but it remains much higher than that in
the United States [°'], where universal hepatiis B

"@_ Springer

vaccination is introduced. Thus, the detailed analysis of
HIV/HBYV coinfection in Japan is of particular importance.

Patients and methods

We have conducted a multicenter retrospective study based
on the data from a nationwide survey in 2006 conducted by
sending questionnaires 1o 372 member hospitals of the
HIV/AIDS network of Japan as of January 2006, and part
ol the results was reported earlier [7]. Following the sur-
vey, 6 of the 207 hospitals that responded to the survey—
Hokkaido University Hospital (Hokkaido, Japan), Univer-
sity of Tokyo Hospital (Tokyo, Japan), Nagoya University
Hospital (Aichi, Japan), Intemational Medical Center of
Japan (currently, National Center for Global Health and
Medicine, Tokyo, Japan), Osaka National Hospital (Osaka,
Japan), and Hiroshima University Hospital (Hiroshima,
Japan)—were chosen for further studies because more than
two-thirds of the HIV/HBV-coinfected patients identified
in the survey went to these hospitals, and because both HIV
experts and hepatologists were following up those patients
there.

The questionnaire sent to the hospitals included items
regarding the number of patients who visited the hospitals
at least once between January and December in 2006 as
follows: (1) the number of HIV-positive patients; (2) the
number of hepatitis B surface antigen (HBsAg)-positive
patients among (1); (3) the number of patients among (2)
who were delermined at least once 1o have a serum alanine
aminotransferase (ALT) level higher than 100 TU/; (4) the
number of HIV-positive patients who contracted HIV from

“blood products; (3) the number of HBsAg-positive patients

among (4); (6) the number of paticnts among (5) who were
determined at least once to have a serum ALT level higher
than 100 TU/; (7) the number of HIV-positive patients
whosc presumed transmission route is through homosexual
contact; (8) the number of HBsAg-positive patients among
(7); (9) the number of patients among (8) who were
determined at least once to have a serum ALT level higher
than 100 TU/L (10) the number of HIV-positive patients
who. presumably contracied HIV through injection drug
use: (11) the number of HBsAg-positive patients among
(10); (12) the number of patients among (11) who were
determined at least once to have a serum ALT level higher
than 100 TU/; (13) the number of HIV-positive patients
whose transmission routes were classified as “others™; (14)
the number of HBsAg-positive patients among (13); and
(15) the number of patients among (15) who were deter-
mined at least once to have a serum ALT level higher than
100 TU/L

We defined confirmed HIV infection with positivity for
serum HBsAg as the criterion for HIV/HBV coinfection.



