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OBJECTIVE. The purpose of our study was to assess the efficacy of transcatheter arterial

embolization for pancreaticoduodenal artery aneurysms.
CONCLUSION. We concluded that transcatheter arterial embolization is the initial and
definitive therapeuntic choice for pancreaticoduodenal artery aneurysms, with a possible option

to perform surgery after embolization.

neurysms of the pancreaticoduode-
nal arteries are rare and make up
only 2% of all splanchnic aneu-
rysms [1]. Pancreaticoduodenal ar-
tery aneurysms may have an increased propen-
sity for rupture; 64% of patents seeking
medical advice from symptoms related to the
aneurysm have had a rupture [2]. Pancreati-
coduodenal artery aneurysm ruptures can be life
threatening because they result in bleeding inta
the retroperitoneal space, abdominal cavity, the
gastrointestinal tract, or a combination of these.
Before 1980, surgery was the only treatment for
pancreaticoduodenal artery aneurysmi, and its
mortality rate was 26% {3]. However, the in-
hospital mortality rate for patients who received
no surgical treatment was 80% [3].

Recently, the rapid development of inter-
ventional radiology has made it possible to
perform transcatheter arterial embolization of
visceral aneurysms safely and cffectively. In
addition to surgery, transcatheter arterial em-
bolization has been performed since 1980,
and the mortality rate has significantly im-
proved [3-4]. Despite these facts, the choice
of initial therapy remains controversial.

During the last decade, the mumber of case xe-
ports of pancreaticoduodenal artery anearysm
has increased because of improved detection
rates with advances in noninvasive diagnostic
techniques, such as CT and sonography. There-
fore, it is imporiant to choose a therapy—{ran-
scatheter arterial embolization or surgery—for
initial treatment. The purposes of this article are
to evaluate the results of transcatheter arterial
embolization therapy and to discuss which treat-
ment should be chosen for pancreaticoduodenal
artery ancurysms in various cases.

Subjects and Methods
Patients

Between January 1992 and December 2002, 10
patients with pancreaticoduodenal artery aneu-
rysms were admitted to Nippon Medical School
Hospital. The clinical findings of these patients
aze summarized in Table 1. One woman and nine
men, with a median age of 57 years (range, 45 to
72 years) were identified. All patients underwent
transcatheter arterfal embolization. Three pa-
tients had a history of hypertension and three
were alcoholics. Two patients had a history of
partial gastrectorny for gastric ulcer, aad cne of
them showed signs of ileus. One patient had ad-
vanced common bile duct cancer. One patient had
1o history of any particular discase. Nine of the
10 patients had ruptured pancreaticoduodenal ar-
tery aneurysms. Five of these mine had gas-
teointestinal bleeding, and two also had hemate-
mesis. Six patients were hemodynamically stable
during and after volemic resuscitation, but three
were hemodynamically unstable (shock index:
heart rate/systolic blood pressure > 1) despite
volemic resuscitation. One of those with shock
received emergency laparotomy, and the other
two underwent clipping by endoscopy with the
intention of stopping the bleeding before embo-
lization; however, in these three patients the
bleeding could not be stopped. They therefore re-
quired immediate embolization. The patient
whose aneurysm had not ruptured was symptom
free. She was followed up by her family physi-
gian, and CT revealed that the aneurysm in-
creased in diameter from 2 to 2.8 cm within 1
year, She rejected surgical resection after the sur-
geons explained the potential complications of
surgery, and she decided to undergo transcatheter
arterial embolization.
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TABLE I: Summary of Patient Data

Diameter Embelization Technique
Patient of 30-Day
No./Age Clinical Medical | Locationof | Aneurysm Approach Technical | Clinical
{yi/Sex Symptom History Aneurysm {mem) Rupture | FRoute | Afferent | Packing | Efferent | Success | Success | Outcome
1/72/F Norne CAS iPDA 28 No Both® Bone | None | Done Yes Yes Survival
254/M* | Abdominal CAS {PDA kx Yes SMA Done | Done | None Yes Yes Survival
pain IPDA 7 Done Done | None Yes
3/58/M? | Abdominal CAD IPBA 32 Yes SMA Done | Nene | None Yes No Survival
pain MALS
Shock
4/48/M> | Abdominal | Pancreatitis IPDA 23 Yes SMA Done | Nons | Done Yes Yes Survival
pain
5/53/M Abdominal Unknown IPDA 9 Yes Both® Done | None' | Done Yes Yes Survival
pain IPDA 7 Yes Done | Nonef | Done Yes
ASPDA ] Yes Done | None! | Done Yos
1st jejunal 4 No Done Done | None
B/45/M° Shock PG IPDA 7 Yes SMA Done Dore | None Yas Yes Survival
Hematamesis | Gastric uleer
7i53/M4 Shock PG ASPDA 5 Yes Celiac Done Done | Nons Yos Nod Death
lieus Gastric uleer artery
Peritonitis
8/70/M? | Hematemesis | CBD cancer IPDA 5 Yes Celizc Done | Done | Nona Yos Yes Survival
Melena artery
9a2/Mmt Melena Pancreatitis IPDA 8 Yes Both® Dong | None | Done Yos Yos Survival
10/57/M® Melena Pancreatitis IPDA 6 Yes Celiac Bone | None | Dons Yes Yes Servival
artery

Note—CAS = celiac axis stenosis, IPDA = inferipr pancreaticoducdenal artery,
figament syndrame, ASPDA = anterior superior pancreaticodundenal artery,

2Hypertonsion.
bAlcoholism,

“Emergency laparotomy before transcatheter arterial embaolization,
$Endoscopic treatment before transcatheter arterial embalization.

“Both the SMA and celiac artery routes were used.

Mranscathetar arterial embolization using gelatin sponge.
9Patient had surgery after embolization for failure of sutures and then suffered disseminatad intervascular coagulation,

Embolization Technique

After diagnostic angiography with a 5-French
catheter, a 3-French microcatheter was inserted as
close as possible to the aneurysm. Arteriography
was then performed.

The method of embolization of the pancreati-
ceduodenal artery ancurysm was as follows: The
basic procedure involved isolation and exclusion
of the afferent and efferent arteries close to the an-
eurysm, using microcoils with a coaxial system to
exclude and occlude the aneurysm because of the
presence of anastomotic branches around the pan-
creas. If a microcatheter could not be advanced
into the efferent arteries, we first tried to pack the
aneurysm and then embolized the afferent arteries
with microcoils. If a microcatheter could not be
advanced into the aneurysm (i.e., if we could not
even pack the aneurysm), we embolized the affer-
ent arteries and recommended surgical treatment.

Informed consent for embolization was ob-
tained from conscious patients ag far as the emer-
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gency permitted. Otherwise, the immediate family
was informed.

Data Analysis

Technical success reflects immediate results
and is typically evaluated by completion angiog-
raphy [5}. The technical success of our series was
defined as nonvisualization of aneurysms and
nonvisualization of bleeding, as verified by
postembolization angiography. Clinical success
reflects the results in the 30 days immediately af-
ter the embolization procedure and {s typicalty as-
sessed by close patient follow-up [5]. Clinical
success in our series was defined by the patients’
¢ondition (the 30-day outcome)—that is, whether
patieats were hemodynamically stable without
blood transfusion. Cases in which additional sur-
gery or endoscopic treatment for the aneurysm
were performed after the embolization procedure
were excluded from the clinical successes. For
follow-up, contrast-enhanced CT or sonography

421

SMA = superior mesenteric artery, CAD = celiac xis occlusion, MALS = median arcuate
PG = partial gastrectomy, CBD = common bils duct.

was performed in each patient 1 week to 2 months
after embolization to assess the stoppage of
bleeding or thrombosis of the aneurysms or both.
In particular, patients with celiac trunk stenosis
(n=2) were given an additional follow-up con-
trast-enhanced CT every 3 months for 1 year, and
every 6 months after | year (range, 21 months to
34 months; mean, 27.5 months) to check for the
presence of recurrent or new aneurysms.

Resuits

The causes of these pancreaticoducdenal
artery aneurysms were arteriosclerosis, in as-
sociation with celiac axis stenosis or occlu-
sion (n = 2); compression of the median arc-
uate ligament of the diaphragm (n=1);
pancreatitis (n = 3); postsurgery {n = 2); ad-
vanced common bile duct cancer (n = 1); and
unknown (2 = 1) (patient had no history of
systemic vascular disease, abdominal trauma,
or chronic pancreatitis).
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C
Fig. 1—72-year-old woman with embolization of nonruptured pancreaticodundenal artery aneurysm cauged by celiae axis stenosis.

A, Contrast-enhanced GT scan reveals aneurysm {2.8 cm in diameter} located behind pancreas head.

8, Angiography of superior masenteric artery shows pancreaticoduodenal artery aneurysm of inferior pancreaticeduodenat artery. Hepatic arteries and splenic artery are
opacified through dilated dorsal pancreas artery as main feeder. Afferent artery of aneurysm is embolized through superior mesenteric artery route, and efferent artery is
also embolized through celiac artery route.

€. Superior mesenteric arteriography after embolization of aneurysm shows no visualized aneurysm.
D, Contrast-enhanced CT scan t week after transcatheter arterial embolization shows compiste thrembosis of the aneurysm.

W29z AJR:187, September 2005
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Fig. 2—53-year-old man with embolization of multiple ruptured pancreaticoduodenal

artery aneurysms.

A, Superior mesenteric arteriogram shows four aneurysms.
B, Selective inferior pancreaticoduodenal arteriogram clearly shows aneurysms,
three on the pancreaticaduadenal artery {arraws) and one on first jejunum artery

{arrowhesd).

C, Gastroduodenal artery arteriogram after embalization with microcoils (amows)
and gelatin sponge particles shows ng extravasation and no visualized aneurysms,

Angiographic and CT Findings

Angiography revealed 13 pancreaticoduode-
nal arfery aneurysms ragging from ona to three
in each patient, and the sizes of the aneurysms
ranged from: 5 to 33 mm (median, 13.5 mm).
Eleven of the 13 aneurysms were located in the
inferior pancreaticoduodenal artery, and the re-
maining two were in the anterior superior pan-
creaticoduodenal artery. Bleeding from the an-
eurysm was recognized in four patients on
angiography, and true aneurysms were recog-
nized in four patients {celiac stenosis or ocelu-
sion, n=3; unknown, n = 1) by angiographic
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findings. Evaluation by CT was performed in
eight of 10 patients before angiography, which
showed intrasbdominal hematoma in six pa-
tients. One of the remaining two patients who
did not undergo CT was found by angiography
to have intraabdominal bleeding,

Technical Success

Nine of the 10 patients with pancreati-
coduodenal artery aneurysms were success-
fufly embolized by transcatheter arterial embo-
lization alone using only microcoils (eight
patients) or using microcoils combined with

423

gelatin sponge {one patiest). In five of the 10
patients, isolation was obtained with microcoils
using the coaxial system to exclude both affer-
ent and efferent arteries close to the aneurysm.
Of these five patients, one had an unruptured
aneurysm, seen with CT and Doppler sonogra-
phy, 1 week after embolization. The patient was
found to have complete thrombosis of the aneu-
rysm (Fig. 1). In another patient, we had in-
tended to parform the isolation nsing only mi-
crocoils, bot we did not have enough microcoils
on hand. Consequently, we first embolized the
inferior pancreaticoduodenal artery and a small
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c

Fig. 3—54-yaar-sld man with ambolization of ruptured pancreaticodundenal artery aneurysms caused by celiac axis stenosis.

A, Unenhanged LT scan shows retroperitoneal hematoma.,

B. Selective superior mesenteric arteriogram shows two anieurysms, 3.3 cm and 0.5 ¢m in diameter, arising from anterior inferior pancreaticoduodenal artery.
¢, Selective superior mesenteric artericgram after embolizetion with microcoils {arrows) shows no visuafized aneurysms.

D, Contrast-enhanced CT scan 4 weeks after ambolization shows no hematoma in abdominat cavity.

aneurysm of the first jejunal artery with micro-  sponge. After these provedures, the superior — went packing of their aneurysms and emboliza-
coils, and then embolized the superior pancre-  pancreaticoduodenal artery was embolized  tion of the afferent arteries with microcoils
aticoduodenal artery with particles of gelatin  with microcoils (Fig. 2). Four patients under-  (Fig. 3). In the remaining patient, who had rup-

W294 AJR:187, Septernber 2006
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ture of the pancreaticoduodenal artery anen-
rysm caused by compression of the median ar-
cuate ligament, although we managed to
advance a microguidewire into the aneurysm, a
microcatheter could not be advanced along
with the microguidewire because of the tortu-
ous nature of the afferent ariery and the use of
an initial coaxial catheter systern. Therefore,
we embolized only the afferent artery with mi-
crocoils (Fig. 4). Superior mesenteric atteriog-
raphy immediately after embolization showed
no visible aneurysm, and the patent became
hemodynamically stable. We recommended
surgery because we considered him to be at
high risk for re-rupture, but he rejected surgery.

The technical success rate of emboliza-
tion as an immediate result was 100% (10 of
10 patients).

AJR:187, September 2006

retroperitoneal space.

Clinical Success

There were no complications directly re-
sulting from the embolization procedures and
no cases of re-rupture. We observed two in-
stances in which we did not obtain clinical
success between days 8 and 14, One patient
was successfully treated by embolization of
the ruptored pancreaticoducdenal artery an-
eurysm (Fig. 5} and became hemodynami-
cally stable, He then received repeat sergery
for suture failure 3 days after embolization
but developed disseminated intervascular co-
agulation and died 5 days after the repeat suz-
gery. The other patient was treated by embo-
lization of only the afferent artery with
microcoils (Fig. 4); he was hemodynamically
stable after transcatheter arterial emboliza-
tion and rejected surgery. A follow-up con-

425

Fig. 4—58-year-old man with pancresticoduodenal aneurysm rupture caused by
median arcuate ligament syndroms.
A, Contrast-enhanced CT scan shows hamatoma surreunding duodenum § in

B, Selective superior mesenteric: artaripgram.shows saccular aneurysm (arrows, 3.2
cmin diameter, arising from antanurinfermr pancraancoduodena] artery. Cefiac axis
is completely occluded and Mood flow toliver-and spleen is supplied by way of
enlarged pancreaticoduodenal artery,

€. Contrast-enhanced CT scan obtained 2 weeks ‘siter embolization of only afferent
artery shows well-enhanced aneurysm with mural thmmbus {arrows).

trast-enhanced CT at 14 days after transcath-
eter arterial embolization, however, showed a
well-enhanced pancreaticoduodenal artery
aneurysm. Therefore, he agreed to undergo
surgery, and surgical treatinent was success-
fully performed.

The other eight patients were stable after
transcatheter arterial embolization and were
discharged from the hospital. Use of CT at 1
or 2 months after embelization showed di-
minished intraabdominal hematoma in five of
five patients. As we could not obtajn clinical
success in two patieats, the clinical success
rate was 80% (8 of 10 patients). The mortality
rate with transcatheter arterial embolization
for pancreaticoduodenal artery aneurysms
was 0%. Two patients with celize trunk steno-
sis had no recurrent or new aneurysms {fol-
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low-up range, 21 moaths o 34 months; mean,
27.5 months), and their liver function tests
were within the normal range.

Discussion
Pancreaticoduodenal artery aneurysms are
uncommon but ¢linically important forms of
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vascular dixease. Slightly more than 100 cases
have been reporied in the English-language lit-
erature, Most of these are isolated case reports.
"There have been only a few small series. Man-
agement of pancreaticoduodenal artery aneu-
rysms in these reports has varied from surgery
to transcatheter arterizl embolization to no

aneurysm larrowt and cont

B

Fig. 5—53-year-old man with ambolization of ruptured pancreaticoduodenal artery
anaurysm caused after surgery. T

A, Arteriogram via gastroduodenal artery shows extravasation {arrows) from
posterior superior pancreaticoduadenal artery. Metallic coils {arrowheads) were
placed in patient at anothes hospital.

B, Selective posterior superior pancreaticoduodenal arteriography reveais uptured
rast media flow into abdominal cavity.

£, Selective posterior superior pancreaticoduodenal arteriogram after embolization
with cail [arrow} shows no visualized aneurysm or bleeding.

treatment. In our series, we performed tan-
scatheter arterial embolizatior in all 10 pa-
tients. The purpose of this series was to deter-
mine which treatment for these aneurysms
should be chosen in various cases.

Some researchers have reported that-trans-
catheter arterial embolization is effective in

AJR:187, September 2006
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the treatment of viscerat anearysms, has few
complications, and results in low recurrence
rates [3-4, 6-9]. Coll et al. [3] reported that,
cince 1980, the mortality rate associated with
surgery has been 19%, whereas that associ-
ated with transcatheter arterial embolization
has been 0%:; they reported no significant dif-
ference in the risk of recurrent hemorrhage,
with rates batween 0% and 5%. Despite these
results, surgery is stll considered by many
physicians to be the initial and only definitive
treatment of aneurysms involving the pancre-
aticoduodenal artery.

These are three major reasons for this treat-
ment path. One is that embolization is not al-
ways technically feasible because of the diffi-
culty of selective catheterization of the vessel
feeding the aneurysm [10-14]. The second is
that embolization may be associated with aneu-
rysmal rupture during the procedurs [11-12,
15]. The third is that, in the case of celiac axis
stenosis or occlusion in which pancreati-
codnodenal artery aneurysms are observed,
transcatheter arterial embolization without by-
pass may lead to recurrence of pancreati-
coduodenal artery aneurysin or ischemic injury
as a result of the absence of major collateral
vessels—that is, embolization without bypass-
ing may be ill advised [11-12, 14, 16-19].

Catheterization of the vessels requires a
proficient interventional technique; how-
ever, the advent of newer coaxial catheter-
ization technigues has greatly improved the
embolization of small, tortuous vessels.
Therefore, we obtained complete emboliza-
tion of all pancreaticoduodenal. artery aneu-
rysms except one, and we managed to stop
the bleeding in all ruptured aneurysms. In
contrast, the detection of pancreaticoduode-
nal artery aneurysms during surgery may fail
in approximately 70% of cases [12, 20] be-
cause of their localization behind or within
the parenchyma of the pamcreas. Surgery
may be questionable because arterial liga-
tion (with or without aneurysm resection) Is
not always feasible, and partial pancreatec-
tomy can be necessary [17-19]. In ane pa-
tient in whom we tried to perform transcath-
eter arterial embelization 12 years ago, we
could not even pack the aneurysm (ie., we
embotized only the afferent artery with mi-
crocoils). Use of the current, new coaxial
catheter system or N-butyl cyanoacrylate in-
jection technique [21] might be considered if
we were able to do packing of or isolate the
pancreaticoduodenal artery aneurysm.

In 1979, Lina et al. [15] reported aneurysm
rupture secondary to franscatheter emboliza-
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tion. However, they did not have a coaxial
catheter system at that dme. To our know]-
edge, there have been no reports of pancreat-
icoduodenal aneurysm rupture sceondary to
transcatheter embolization since the develop-
ment of the coaxial catheter system. There-
fore, aneurysm rupture during the procedure
should be excluded as a disadvantage of trans-
catheter arterial embolization.

Pancreaticoduodenal artery ancurysms can
be differentiated into rue and false ancwysms;
the latter result from pancreatitis, abdoninal
rauma, surgery, or septic emboli. They often
rupture into the gastrointestinal tracl. whercas
true anenrysms are frequently assaciated with
stenosis or occlusion of the celiag axis and rup-
ture into the ratroperitoneal space. fn pitients
with false pancreaticoduodenal urlery aned-
rysms, transcatheter arterial embolization pre-
serves vascularization of the celiau territory be-
cause false aneurysms arc nat  usually
associated with celiac artery stenosis. With re-
gard to the third disadvantage of tanscallieter
arteria] embolization, the controversy remains
whether transcatheter arterial embolization
should be done in patients with celiae artery
stenasis or occlusion because lranscatheter ar-
terial embolization in vesscls withoul major
collaterals should have a higher recurrence of
pancreaticodaodenal artery ancurysm or is-
chernic injury. Sutton and Lawton |22] postu-
lated that stenosis of the celiac usis resulting in
an increased “flow through the pancreati-
coduodenal artery favars the development of
pancreaticoduodenal artery ancurysnis. Some
surgeons emphasize that the basic ireatment is
revascularization of the celine trunk stenosis or
ocelusion [11-12, 16-19]. Twu patients with
celiac trunk stenosis in our scrics, however,
had a good course without ischemic dysfunc-
tion of the liver, spleen, or duudenun, and also
no recurrence of pancreaticoducdenal artery
aneurysm. Some patients in other repoits have
had good courses without ischemic dysfunc-
sion of the liver, spleen, or duudeaum [23-26].
Savastano et al. [23] reported that, although
they performed embolization of pancreati-
coduodenal artery aneurysms in two patients
with celiac trank stenosis and occlusion caused
by compression of the median arcuate liga-
ment, there was no recurrsnce of aneurysm
seen at follow-ups of more than 3 ysars. To our
knowledge, there have been no reparts of the
recurrence of pancreaticoduodenal artery an-
eurysm caused by celiac trunk stenosis or oc-
clusion after embolization [23-271.

With regard to embolization technique of
pancreaticoduodenal artery amenrysms, the
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best embolization technique is thought o be
isolation with coils, N-butyl cyanoacrylate, ot
both, regardless of true or pseudoaneurysms.
However, isclation may be absolutely impos-
sible in half of cases. The second feasible
technique, especially in the cases with
pseudoaneurysm, may be embolization of the
afferent artery after packing of the aneurysm.
Though our sample size of the patient popu-
Jation was small, we have no cases in which
the second feasible method resulted in failure.
Tf & microcatheter cannot be advanced close
to the aneurysm, transcatheter arterial embo-
lization may be an insufficient method re-
gardless of decreasing blood flow. In such a
case, direct percutancous embolization tech-
nigue can be useful in selected patients. In
this method, N-butyl cyanoacrylate, not coils,
should be used as embolization materials.

Preoperative angiography has played an
important role in facilitating surgical manage-
ment [12]. Coil embolization is useful to de-
crease blood flow and to temporarily stop
bleeding, even if erbolization of the efferent
artery cannot be achieved. The less-invasive
transcatheter arterial embolization, by which
diagnosis and treatment can be performed si-
multaneously, should be performed as an ini-
tial treatment.

Tnt conclusion, transcatheter arterial embo-
lization should be an initial treatment for rup-
tured or unruptured pancseaticoduodenal ar-
tery aneurysts regardless of whether surgery
needs to be performed, and it is an initial safe
and effective method of therapy in both elec-
tive and emergency cases.
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AIM: To observe the dynamic changes of liver
microcirculation /7 vivo after arterial embolization with
degradable starch microspheres (DSM).

METHODS: DSM were injected into the proper hepatic
artery through a silastic tube inserted retrogradely in
gastroduodenal artery (GDA) of SD rats. Fluorescent
microscopy was used to evaluate the dynamic changes
of blood flow through the terminal portal venules
(TPVs), sinusoids and terminal hepatic venules (THVs).
The movements of DSM debris were also recorded. Six
hours after injection of DSM, percentages of THVs with
completely stagnant blood flow were recorded.

RESULTS: Two phases of blood flow change were
recorded. In phase one: after intra-arterial injection
of DSM, slow or stagnant blood flow was immediately
recorded in TPVs, sinusoids and THVs. This change was
reversible, and blood flow resumed completely. In phase
two: after phase one, blood flow in TPVs changed again
and three patterns of blood flow were recorded. Six
hours after DSM injection, 36.9% + 9.2% of THVs were
found with completely stagnant blood flow.

CONCLUSION: DSM can stop the microcirculatory
blood flow in some areas of liver parenchyma. Liver
parenchyma supplied by arteries with larger A-P shunt is
considered at a higher risk of total microcirculatory blood
stagnation after injection of DSM through hepatic artery.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

It has been accepted that transasterial chemoembolization
(TACE) is an effective method to treat the unresectable
hepatocellular carcinoma (HCC). With the characterstics
of long retention time in the tumor tissue, iodinated
poppyseed oil (Lipiodol) has been frequently used as
the embolization material in clinical practice™™. Animal
experiments demonstrated that after injection of iodized
oil into the hepatic artery, small Lipiodol drops could
be found in the terminal portal venules (TPVs), which
was assumed passing through the pathway of arterial-
portal anastomosis such as the peribiliary pluzes™™.
When Lipiodol drops flow into the sinusoids, they can
severely occlude the blood flow, cause the stagnation of
local microcirculation, and further lead to ischemic liver
parenchyma injury™. Super-selective technique with
microcatheter and guidewires has been considered 25 a safe
and effective way to treat HCC. Under some conditions in
which liver function is severely damaged or blood supply
of HCC is so complex that it is impossible to super-select
the tumor feeding arteries, TACE is developed. Degradable
starch microspheres (DSM), a temporary artery embolizer
has been increasingly used as an alternative to Lipiodol in
some particular situations™®™, Tt has also been suggested
that, when the tumor feeding artery cannot be super-
selected by microcatheter and guidewire, one-shot injection
of DSM before TACE can be regarded as 2 practical
method to protect the tumor free liver tissue from the
injury caused by Lipiodol inflow following TAE. To fully
understand its effects on liver microdirculation, we injected
DSM through proper hepatic artery of rats, and the
dynamic changes of liver microcirculation were evaluated
by éz zive fluorescent microscopic observations.

MATERIALS AND METHODS

Animal model
‘Ten Sprague-Dawley rats weighing 300 to 450 g were used
in compliance with the regulations and the Guide for the
Care and Use of Laboratory Anmimals. The animals were
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No. Start of blood

Time of complete

fiow stagnation recovery of blood flow

1 11 105

2 14 131

3 26 15

4 1 14.9

5 16 982

6 23 115

7 28 132

8 3 14.5

9 28 14.3
10 15 947
mean £ SD 20+0.8 127+21

0.03508

-Afocus -

Figure1 Normal microgirctfation of the raf liver, Arow; TPV, Opened arow: THV,

fed with standard food pellets and tap water ad Jbitum.
They were depoved of food but obtained free access to
water for 12 h before the experiments. Anesthesia was
performed by intra-peritoneal injection of 50 mg/kg so-
dium pentobarbital. The left femoral vein was cannulated
with a 1F silastic tube (Natsume Corp. Tokyo, Japan) for
additional anesthesia and liquid transfusion during the
procedure. After a midline abdominal incision, the liver
was carefully retracted to expose the gastroduodenal artery
(GDA), which was catheterized by another 1F silastic tube
(Natsume Corp., Tokyo, Japan) with its tip placed before
the bifurcation that leads to the proper hepatic artery. The
lefi lobe of liver was gently exteriorized and positioned
over the window of the microscope stage. The liver paren-
chyma was covered with a small piece of plastic wrap; its
surface was constantly irtigated with Ringer’s solution at
the body temperature.

Fluorescence microscopy

The exteriorized left liver lobe was trapsilluminated with
monochromatic light generated by a prism monochroma-
tor equipped with a4 xenon lamp. Microscopic images of
the microvasculatures were obtained with objective lenses
{magnification, X 10, % 20) and an oculat lens {magnifica-
ton, X 10). DSM (Yakult Honsha Co., Ltd., Tokyo, Japan)
12 mg in 0.2 mL was prepared in a 1 ml syringe and the
solution was made uniform before injection. After infusion
of 1 g/L fluorescent sodium 0.1 mL into the cannulated
GDA, DSM was injected gently in one minute. The iz pito

Live A fekus 24035 1ivst

by live

Figure 2 After infusion of flucrescent sodium from the GDA to proper hepatic
artary, blood flow from TPVs fo THVs through sinusoids can be dearly visuatized,

microscopic images of the following procedure were re-
corded on videotapes.

in vivo evaluation

For each rat, ateas with best visualization were selected for
evaluation. Six hours later, 1 g/L fluotescent sodium 0.1
mL was infused through the cannulated left femoral vein
to check the whole surface of liver lobe for a complete
confirmation of the liver microcirculation. One hundred
THVs were randomly selected during the horizoatal and
vertical movements of the microscope. THVs with com-
pletely stopped blood flow were statistically counted.

Statistical analysis

Data analysis was performed employing the Statistical
Package for the Social Sciences Vetsion 12.0 for Windows
(SPSS™ Inc., Chicago IL, USA). Results of the descriptive
statigtical analysis were presented as mean & SD.

RESULTS
Clear images of the liver microcirculation (TPVs, sinu-
soids, and THVs) could be seen under i sipe fluorescent
microscope (Figuze 1}. Blood flow from one TPV was
drained through the sinusoids into several THVS; similarly,
one particular THV provided vermlar drainage for several
TPVs. Hepatic artericles, the other afferent vessels in the
liver, wsually could not be visualized {Figure 2).

Blood flow in TPV after DSM injection

Blood flow through TPVs demonstrated an immediate
response after DSM injection. The speed of blood flow
dropped dramatically at once. In 2.0 = 0.8 min (Max 3
min), the blood flow in the observed area completely
stopped. After that, blood flow through TPVs resumed
gradually; 12,7 & 2.1 min (Max 15 min) after injection of
the DSM, blood flow through TPVs completely recovered
(Table 1). No evidence of DSM or its disaggregated debris
could be recorded within this time interval. For convenient
explanation, we named this period as “phase one”, aad the
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Percentage (%)

blood flow changes afterward as “phase two™. In phase
two, three different types of blood flow changes in TPVs
could be recorded.

‘Iype one: The speed of blood flow slowed down again,
and then completely stopped. This phenomenon could be
found as early as 25 min after DSM injection and last for
the whole procedure. The TPVs could never resume their
blood flow duting the observational period. DSM or its
debrds could be hardly found in TPVs in this type.

Type two: The speed of blood flow in TPVs decreased
at different level, either slightly striking or some times
intermittent, however the stagnation was not recorded
during the whole observation time. Numerous small pieces
of debris with irregular shapes could be found to flow
through and drain into the distal siqusoids (Figure 3A and B).

Type three: In particular areas, TPVs kept a constant
flow after phase one. The blood flow did not change
during the whole procedure. DSM or its debsis could ot
be recorded in these TPVs.

Blood flow in sinusoids and THVs

The blood flow through sinusoids and THVSs followed the
changes of TPVs in phase one. They also demonstrated
a dramatic decrease of blood flow speed after DSM
injection. Some even completely stopped. Nevertheless, it
could be fully recovered.

During the following period, three kinds of bloed fow,
similar to that of the TPVs could also be recorded in
sinusoids and THVs, ie, completely stagnant blood flow,
intermittent and slow flow;, normal Aow:

www.wjgnet.com
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Figure 3 A: Small debris can enter
sinusoids through TPV (arrow);
B: The same TPV as Image 3,
debris of DSM continuously enter
sinusoids through TPV, blood flow in
TPV is infermittent but not stagnant.

' 0.05509 - -

Figure 4 Percentage of the completely stagnant
THVs 6 h after DSM injection in 10 rats. The
minima! percentage is 22%, ard the maximal is
53%.

DSM debris in the hepatic microvasculafure

Twenty minutes (the earliest time) after injection of
DSM, small pieces of debris could be found in some
sinusoids. Some of the debris, with a relatively small size,
could directly pass through the sinusaids and flow into
THVs. Some debds, with larger size, could occlude the
corresponding sinmsoids. This occlusion was temporary;
zrecanalization could be achieved by opening of collaterals
or further distal movement of the disaggregated debris,
The number of DSM debris reached a peak value 1 b
after DSM injection. No DSM particles with the original
size and shape could be found in sinusoids and THVSs.
Numerous disaggregated debris with small diemeter
entered the THVs.

Hepafic microcirculation affer DSM injection

Six hours after DSM injection, the brightness of the liver
surface was not uniform after infusion of fluorescent
sodium through the femoral vein, suggesting the
heterogeneous nature of the liver blood flow Areas with
completely stagnant blood flow in TPVs, THVs and
sinusoids could be found sparsely distibuted among the
areas with normal or sluggish blood flow: Approximately
36.9% L 9.2% of randomly selected THVs were found
with completely stagnant blood flow (Figure 4).

DISCUSSION

DSM is a kind of embolization material that can
temporarily occlude the vessels. The degradation of
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DSM is considered to be caused by a combination of the
chemical effects of amylase and the striking force of the
vortexial arterial flow. Hepatic artetal perfusion is essential
for an optimal sinusoidal function because it maintains
transinusoidal pressure™. After intra-artery injection of
DSM, immediately slow down or even stop of the blood
flow in TPVs, sinusoids, and THVs could be found. It
is considered that a sudden reduction of arterial blood
flow is caused by numerous DSM casts embolization.
The blocked blood flow could soon be resumed due to 2
compensatory increase of portal blood flow as 2 buffer
response. This can explain the phenomenon of phase one
which happened after the DSM injection. After a corplete
recovery of blood flow in phase cne, presinusoidal A-P
shunt™*'9 should be the reason for the appearance of three
types of blood flow in phase two. We have found in our
previous study that after intra-artedal injection of DSM,
varous sizes of IDSM ecasts are formed inside the arterioles
which can block the arterial blood flow. The proximal
end of DSM casts will disaggregate under the pumping
force of vortexial arterial blood flow Debris with different
sizes will be discharged at the proximal end and further
occlude the branch of the original artery. We presume
that A-P shunts have various size, some larger debris
of the disaggregated DSM can pass through larger A-P
shunts and reach the portal side that is proximal to TPVs.
Debiis accumulated at the porral side form a number
of emboli. These emboli, if big enough, will completely
shut the portal blood flow to distal TPVs and be harder
to disaggregate because the pumping force of portal
blood stream is mmuch weaker than that of the arierial one.
This means, at certain areas of liver parenchyma, both
arterial and portal blood flows are stopped by DSM casts
and the debris emboli. Few debds could be found in the
distal TPVs because the proximal portion of TPVs was
completely occluded by the debtis emboli. This explains
the type one phenomenon. For some small A-P shunt,
only small-sized debris can pass through; and these
smaller debris could partially occlude portal branch and
was easily to be pushed distally. Some could reach TPVs
and flow through sinusoids to THVs. This caused type
two phenomenon. As for the type three phenomenon, it
is considered that no debris of DSM entered portal site
through A-P shunt.

After entering sinusoids, debris could occlude sinusoids.
For a single sinusoid, the blood flow can be resumed either
by further disaggregation of the debris or by opening
of the small collaterals. Small DSM debuds, when passing
through sinusoid, will flow freely into THVs. Six hours
after injection of DSM, we found 22%-53% (mean:
36.9% L 9.2%) of THVs with totally stagnant blood flow:
That means all sinusoids draining blood to these THVs
had been stagnant in blood flow. The corresponding
liver parenchyma received no fresh blood supply during
this time. The cause of stagpant blood fow in sinusoids
surrounding THVs is presumed at the presinusoidal level.
We assume that the ceclusion site was the presinnsoidal
portal vein with relatively larger diameter. After arterial
embolization by DSM casts, the more bigger debsis of
DSM entered this portion through larger A-P shuat
and accumulation of these debris formed intravascular

emboli. Wezk pumping force of portal blood flow could
not disaggregate these emboli, and the amylase could take
effects more slowly because little fresh blood flow could
reach those embol. With all those factors, the emboli
could maintain stable during a faidy long period of time.
Thus, a simultaneous blockade of the arterial and portal
blood flow could lead to a completely stagnant blood flow
in distal sinusoids. Because the amylase in blood flow will
chemically disaggregate the DSM and its debris, whether
the TPVs, sinusoids and THVs can resume their blood
flow later needs to be further studied.

It is preliminarily confirmed in this study that DSM,
with its degradation products, can enter portal vein
through hepatic artetial injection. It can completely stop
the microcirculatory blood flow in some areas of liver
parenchyma. A-P shunt is considered to be a determining
factor during the procedure. Liver parenchyma supplied
by arteries with larger A-P shunt is presumed to have
higher risk of total microcirculatory blood stagnation after
injection of DSM through hepatic artery. Whether the
use of DEM can provide protective effects during TACE
awaits further evaluation.
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Abstract

A distal pulmonary artery perforation was successfully occluded by
percutaneous microcoil embolization via a microcatheter. Micro-
coil embolization is a reasonable alternative therapentic approach
for this rare complication of pulmonary interventional procedures.

Key words: Catheters and catheterizatios—Embolism, pulmo-
nary—Interventional procedure, complications—Perforation—
Polmenary artery

Pulmonary artery (PA) perforation is a rare but serious complica-
tion of percutaneous pulmonary intervention. We describe a case of
PA perforation treated successfully by microcoil embolization.

Case Report

A 78-yearold woman with sudden onsst of hypotensive shock was trans-
ferred 1o the coronary care unit, receiving mechanical ventilation, intra-
aortic ballocn pumping, and positive inotropic support with high-dose
catecholarnines. Baseline cineangiography depicied 012l occlusion of
segment 4 AV (postero-lateral ariery, American Heart Association Classi-
fication), which failed catheter intervention, Swan-Ganz catheterization
revealed pulmonary bypertension (56/21(31) mmilg), which raised the
suspicion of pulmonary thromboembolism.

Pulmonary angiography was performed the next day using a combina-
tion of digital subtraction angiography and a rotational digital angiography
system [1], and showed bilateral massive pulmonary thromboembolism.
The groln hematoma due to the initial high-dose heparin administration was
very severe. Thrombolytic therapy was contraindicated; manual thrombo-
aspiration was planned [2, 3]. Approval for this procedure was obtained
from the local university ethics commities, and written informed consent
was obtained from the patient.

First, an § Fr long sheath complete with a hemostatic valve (Medi-kit,
Japan) is placed in the main PA, Then, the PTCA guiding catheter (8 Fr
Guider RJ-5, Cordis, USA) is advanced into the thrombus. A 10 ml syriege
with a luer lock comnector jis used to apply suction while the catheter is
moved slowly to and fro over several centimeters within the PA. If blood
readily enters the syringe, the clot has cleared the catheter. The syringe is
then removed and its contents are expressed over a ganze-draped basin.

Multiple aspirations were performed, and a large amount of thrombus
was aspirated. Slightly bloody sputum was aspirated from the endotracheal
tube during the procedure. The patient remained hemodynamically stable.
Confirmative pulmenary angiography revealed contrast material leaking
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from the midportion of the lefi lower-posterior branch (segment 10 artery,
A-10) (Fig. 1). A 23 Fr Rapid-Transit infusion catheter (Cordis Neuro-
vascular, FL, USA) was introduced over the guidewire (Transend-Ex, 0.014
inch, Boston Scientific Target, CA, USA) in the midportion of A-10.
‘Through the microcatheter, a 0.013-inch platinwm coil {Tomade, Cook, IN,
USA) was advanced vsing a guidewire, Five coils (two tapered 2 mm to 5
mm; three tapered 2 mm to 4 mm) were placed in the left A-10 just
proximal to the perforation site. Repeat pulmonary angiography demon-
strated occlusion of the injured artery with no evidence of extravasation of
contrast material (Fig. 2). The embolization procedure took 14 min.

The patient remained hemodynamically stable, and reccived heparin/
urokinase therapy gradually in the coronary care unit. Repeat pulmonary
anglography 7 days after the procedure showed no perforation and excel-
lent recovery of the puimonary circulation. The patient’s postoperative
course was uneventful, and she went to the general ward 14 days after
admission.

Discussion

Acute massive pulmonary thromboembolism is a severe condition
creating hemodynamic instability that bas been shown to have a
mortality rate of more than 30%. Rapid recovery of pulmonary
flow is essential for preventing mortality, and simultancously
causes significant hemodynamic improvement. Intravencus
administration of thrombalytic agents is the mainstay of thera~
peutic management in such cases [4]. When thrornbolytic therapy
fafls or is contraindicated, percatancous catheter treatment may
represent an additional option [5].

Percutaneous aspiration thrombectomy has evolved from a very
simple concept that has been used previously in many fields [6-8].
The use of a large-lamen PTCA guiding catheter for pulmonary
clot aspiration has been reported [2, 3]. The advantages of this
technique are that it is less invasive for the vessels, it is convenient
(because it uses an 8 Fr, small introducer sheath and a conventional
PTCA guiding catheter it may be performed in a standard angi-
ography laboratory), and it incurs a low cost.

Pulmonary artery perforation associated with this procedure has
not yet been reported. Tight connection of the organized thrombus
to the native asterial wall and rough catheter management must be
the leading cause of the perforation in this case.

Coronary arlery perforation is a relatively uncommon but
morbid complication of percutaneous coropary intervention. Per-
cutanecus embolizations with microcoils, gelfoam, polyviny?
alcokol, autogenous clots, and thrombin are reported with high
success [9-13]. We selected microcoils because of their daily
usage in our department.
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Fig. 1. Pulmonary angiography demonstrating extravasation of
contrast (arrow).

In conclusion, microcoil embolization provides a rapid and safe
method of sealing PA perforation. The method appears to be
especially useful in high-risk patients, and is a minimally invasive
alternative to surgical therapy.
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REIC/DkK-3 as a potential gene therapeutic
agent against human testicular cancer
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Abstract. Human testicular cancer is very sensitive to
chemotherapy and radiation therapy and is regarded as a
curable cancer. The cancer prevails in the young reproductive
genention and testicular dysfunction is oflen observed as
side effect, remaining a serious challenge. In the presemt
study, we examined the potential utility of REIC/Dkk-3-bused
gene therapy against buman testicular cancer. Expression of
REIC/DEk-3 was reduced in all of the human seminom and
non-seminomatous germ cell tumor tissues, Overexpression
of REIC/DKK-3 using an adenovirus vector (Ad-REIC) induced
apopiosis in a testicular germ cell cancer cell line NCCIT b
not io normal human fbroblasts. ¢-Jun terming] kinase (JNK)
wis activated by Ad-REIC and the induciion of apoptasis was
abrogated by a INK inhibitor. A single intrstumoral injection
of Ad-REIC markedly inhibiled the tumorigenic growth of
NCCIT cells in nude mice. These results indicate that Ad-
REIC may lead w developing less insulting and non-genotoxic
therapewtic measures against human testicular cancer.

Intraduciion

Testicular cancer is the most common malignant disease
oceurring in young adult men. Although the incidence of
testicular cancer in the zenerl population is not remarkably
high, it has been steadily increasing in recent decades (1),
The majority of testiculur cancer, 1.¢., 90=~953%, derives from
gorminal cells and is broadly classified as seminoma and
non-seminomatous germ cell twmors (NSGCTs) (2). Testicuiar
germ cell cancer is known te be highly sensitive to chemo-
therapy and radiation therapy. The rate of complete cure for
patients with germ cell cancer is higher than 90% and nearly
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all cases can be cured when at fower stages of tumor pro-
gression (3), Chemotherapy and radiation therpy, however,
often result in unfavorable complications, including wsticulur
dysfunction and infertility (4-6). secondary malignancics (7-9)
and, tess seriously, renal dysfunction and hearing disturbance
¢t0). Oligospermia or aspermin is usually transient and muny
cured patients father children (11). Considering the young
age of most patients. however. the forced interraption of
conception attempts and possible necessity of repeoductive
assistance using cryo-preserved semen should not be over-
looked. Less insulting and non-genotoxic therapeutic measures
are certainly preferable for cancers arising in the gonadul argan,

REIC/DEE-3 was originally isolated as o gene whose
expression was reduced in immortalized boman fibroblusts
compared with that in normal counterparts (123, and subsequent
apalyses reveuled that it is a candidate tumor suppressor gene
¢13}. Expression of the REIC/DEk-3 gene was reduced in many
hunan cancer cells and tissues including prostate cancer, renaj
clear cell carcinoma, and non-small cell lung cancer {14-163,
Forced expression of REIC/DkE-3 using an adenovirus vector
selectively induced apoptotic cett death in human prostute
cancer ¢ell Jines with margina effect in normal cpithelial and
stroma cells of prostate (16), The apoptosis involved JINK
activation, mitochondrial ranslocation of Bax, und reduction
of Bek-2. In an animal model where humun prostate cancer
cells were subcutancousty transplanted in nude mice, o single
injection of the adenovirus vector currving REK/DE-3 showed
remarkable therapeutic effect. Le.. camplete regression of the
twmor in 4 of the 3 animals transplanted (163, Adenovirus
vector is known to be hardly mnteerated into genonic DNA and
thus non-genotoxic (17.18). These results indicate the possible
utility of REICDEKI as a selective non-genotoxic therapetic
meusore, In the present study. therefore, we examined the
expression of REIC/DkK-3 in testicular cancers and the possible
therapeutic effect of the overexpression of REIC/DkE-3 on
human testicular caneer cells.

Materials and methods

Fissues. celly and reagents. A wsticular curcinomy tissue
microarmay was purchased from Folio Biosciences {Columbus,
OH). Surgically resected testicular cancer tissues were fixed
with 466 paraformaldehyde and tissue sections were mude
under conventional conditlons, NCCIT, acell line established
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Pyguse 1. Bapression of REIC/DRk-F
testis and semninomi and non-sminema tissues (redb. Nucler were viseolized

tissuas. Mt pm For nomeseminama tssie, {81 Quantitdion o sigrals abliine

ardirase, iy units: vegicad bam, stendard deviation.

from mixed perm cell twmor, was purchased from ATCC uad
maintained in REMI-1640 supplemented with 10% tetal bovine
serum. A c-Jun N-terminal Kinase (INK) inhibitor SP6G0125
was purchased from BioMol (Plymouth Meeting. PA).

Innurohiistochemistey, Tissue sections and nucroarrays were
immunosteined with anti-human REIGDkk-3 amtibody rzised
in our laboratary. followed by treutment with Alexa fluor
R394-conjugated gout anti-rabbit 1gG antibody (Molecular
Prabes. Eugene, OR). Vectashield mounting medium with
DAP! {Vector Laboratories, Burlingame, CA) was used Jor
counter-staining of cell nuelel, SYBR-Green |(Cambrex) was
used for nucker staining in tissve sections. The signal intensity
of the stained samples wus quantitated using the computer
sofiware Scion Image Beta {Scion, Frederick, ML),

RT-PCR. RT-PCR was performed under the conditions
recommmended by the manufucturer vsing a LightCycler™ rapid
thermal cveler instrument (Roche Diagnostic, Lewes, UK).
The primers used were as follows: REIC/Dkk-3 (forward) 3'-
GTAAGTTCCCCTCTGGCTTG-3. REIC/DRK-3 (reverse)
FAAGCACCAGACTGTGAAGCCT-3 GAPDH (forward)
SLGGGTOTGAACCATGAGAAGTATGA-Y, GAPDH
{reverse) S-TGCTAAGCAGTTGGTGGTGC- 3. The products
were identificd by a melting poiat analysis, ¢lectrophoretic
mobility. aad direct sequencing. Standard curves for cule:
ulation of the number aof transcripts were made using plasmid
comaining the respective inserts. The resulis are shown as
mokae ratins of REIC/Dkk-3 to GAPDH transeripis
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Western blor anafvsis. Western blat anidysis wis perfornmed
using protein extrmacts prepared at 48 k afier infection of the
adenovirus veetors, The antihodies used were as Follows: rabbit
anti-human REIC/DRK-3 antibodies rised in our laboratory
for REIC/Dk-3: apoptosts sampler T kit (BD Biosciences.
San Jose CA) for Belo2 and Bel-xLy rabhit anti-human Bax
ansibady (Upsinte Cell Signaling Solutions; mouse anti-horse
evtochrome ¢ antibody (Upstute Biotechnolagy, Lake Placid.
NY): rabbit anti-human c-Jun amibody. rabbit anti-human
phospho-c-Tun (Ser63) antibody. rabbit anti-humin SAPKANK
antibody, and rabbit anti-human phospho-SAPKANK (Thris3/
Tyr183) antibody (Cell Signading Technology. Beverly. MA):
and mouse anti-human B-actin antthody (Sizma. 5t. Louis,
MO}

Overexpression af REIQIDEE-3 and mtonituring of apopratic
cells, REIC/DKR-3 was overexpressed by infecting cells with
an adenovirus vector carrying REIC/Dkk-3 {Ad-REIC)
described previously (16). A vector carrying LacZ (Ad-LucZ)
was used as a negative control, Seventy-two hours after
infection of the virus vectors at 20 MQOL, apoprotie cells were
monitored by TUNEL method using an fo sire cell desth
detection kit (Roche).

it vive vaperiments. NCCIT cells (305108 in 50 ¢l PBS)
were mixed with 30 1 Marrigel (BD Bloscienges) and
suhcusaneousty injected into the right flank of R-week-old
BALBIC nude mice {(SLC. Hamamatsu, Japan). Three weeks
after injection. when the tumor diameter reached ~5 mm,
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20%10° plu of AJ-REIC or Ad-LacZ in a 100 gl buffer wese
injected imrmumorzlly. The size of the wmaors was measired
every 3 or 4 days for 30 days after the injection. Tumor vohnne
was calenlated using un empiricad formulbn, ¥ = 152 % (the
shorest dinmeter2 K (the fongest dizmoter).

Rasults and Discussion

Redaced cxpression of REICIDEE-2 in testicidar renor tissues.
We first examined the expression of the REIC/DRk-3 gene in
testicislar wmeor tissues. Immuonostuining for REIC/DRE-3 of
a Usswe microarray carrying 3 normal testiculur tissoes and
39 seminoma tissues showed that none of the seminoma tissues
cave rise (o any detectable signals while all the nommal tissues
were definitely positive for the expression (Fig. 1A). For
non-seiniroma cancer eases., chinically resected tissue samples
were anatyzed. All the non-seminoma tissues were negative
in expression of REIC/Dkk-3. Quantitation of the signal
intensity by computer softwane confirmed negative expression
of REIC/DkE-3 in both 1ypes of resticular cancer (Fig. 1B
At present, the moleculer mechanism of the reduced
expression of REIC/DKE-3 is not completely clear, ulthough
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