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SUMMARY
Evidence on the benefits of minimally invasive approach
over traditional open procedure in gastrointestinal surgery is continuing to accumulate. This is also the case
for esophageal surgery. Although laparoscopic esophageal surgery was initially reserved for benign pathology, the technical development, increasing experience
with laparoscopic and thoracoscopic techniques and
the theoretical advantages of minimally invasive surgery have widened the scope of minimally invasive approach to esophageal cancer. The surgical treatment of
esophageal cancer often requires extensive procedures
and is therefore, considered one of the most challengINTRODUCTION
Surgical resection remains the mainstay treatment
for patients with localized esophageal cancer but open
transthoracic esophagectomy is associated with significant morbidity and mortality (1). In fact, patients who
develop pneumonia and respiratory failure following
open esophagectomy face up to a 20% risk of death (2).
When surgeons realized that avoiding open laparotomy and thoracotomy has a positive impact on the incidence of postoperative complications, especially on respiratory failure, they manifested a great deal of interest
in the minimally invasive approach, making an effort to
decrease invasiveness without compromising the extent
of lymphadenectomy and consequent survival.

SURGICAL TECHNIQUE
Our technique of a minimally invasive approach of
the esophagus included three steps: Thoracoscopy in
a left lateral decubitus position for the mobilization of
the thoracic esophagus and mediastinal lymphadenectomy followed by laparoscopy in supine position for celiac trunk lymphadenectomy and gastric tube formation;
finally left cervicotomy for retrieval of the pathological
specimen and esophagogastric anastomosis.

Thoracoscopy
Position of the patient and surgeon
After induction of general anesthesia and insertion of
a double-lumen endotracheal tube for single-lung ventilation, the patient was placed in a left lateral decubitus
position and tilted forward 20 degrees.

Disposition of the trocar
Four trocars were placed in the following approxiHepato-Gastroenterology 2012; 59:00-00 doi 10.5754/hge11790
© H.G.E. Update Medical Publishing S.A., Athens

ing and invasive procedure of gastrointestinal surgery.
While transhiatal and transthoracic esophagectomy are
common approaches for esophageal resection, data regarding the combined thoracoscopic and laparoscopic
approach to esophagectomy are limited. The minimally invasive technique of esophagectomy to be described
consists of three phases: thoracoscopic esophageal mobilization and mediastinal lymphadenectomy followed
by laparoscopic gastric mobilization, abdominal lymphadenectomy and gastric conduit formation and finally retrieval of the resection specimen followed by an
esophagogastric anastomosis via a left cervical incision.
mate positions: 1) camera port placed in the 7th intercostal space, mid axillary line; 2) right operating port placed
in the 5th intercostal space, mid axillary line; 3) left operating port placed in the 9th intercostal space, posterior axillary line and 4) retractor port placed in the 7th intercostal space, at the tip of the scapula (Figure 1). A
30-degree scope gave the best exposure in performing
this surgery.

Mobilization of the intrathoracic esophagus and mediastinal lymphadenectomy
A 30-degree scope gave the best exposure in performing this surgery. A detailed thoracoscopic evaluation was
performed to exclude occult metastatic disease. Any adhesions between the lung and the thoracic wall were lysates. Working from proximal to distal, the pleura was
incised posteriorly to the esophagus and the azygos vein
was spotted. This plane was carefully developed further
on, all the way down to the diaphragm (Figure 2). The
azygos vein was divided using clips (Figure 3). The mediastinal pleura between the pericardium and esophagus was divided and this posterior pericardial plane was
carefully developed further on, cranially, toward the carina and trachea (care was taken not to damage the posterior membranous part of the trachea) (Figure 4). The
next step was the lymphadenectomy at the level of the
aortopulmonary window (Figure 5). Paraesophageal,
paratracheal, subcarinal and bilateral trachea-bronchial
lymph nodes were dissected and resected en bloc with
the specimen. Vagal branches to the esophagus were
clipped and divided close to their entry into the organ.
Two 28-French chest tubes were inserted in the 7th intercostal space through the port sites at the end of this step.

Thoracoscopic
esophagectomy;
Esophageal cancer; Laparoscopic
esophagectomy.
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FIGURE 1.
Thoracoscopy in
left lateral decubitus - disposition of the trocars.

FIGURE 4. Dissection of the upper thoracic esophagus.

FIGURE 2.
Dissection of the
esophagus below
the arch of the
azygos vein.

FIGURE 3.
Azygos vein is
dissected and
clipped.

FIGURE 5. Lymphadenectomy at the level of the aortopulmonary window.

Laparoscopy in supine position
Position of the patient and surgeons
The patient was now placed in supine position with
legs separated (French position) and was draped so as to
allow trocar placement in the abdomen and an incision
along the left sternocleidomastoid muscle in the neck.
The surgeon stood between the patient’s legs, the cameraman stood on the right of the patient and the other assistant on the left.
Disposition of the trocars
Five trocars were used: 1) camera port - 2cm above
the umbilicus; 2) a retractor port (5mm trocar) under the
xiphoid process; 3) left operating port (5mm trocar) in
the midclavicular line, under the right costal margin; 4)
right operating port (10mm trocar) in the midclavicular
line, under the left costal margin and 5) a 5mm trocar in
the left upper quadrant, 3cm lateral to the right operating port (Figure 6).

Mobilization of the lesser curvature and of the esogastric
junction
The dissection of the lesser omentum started in the left
part of the right gastric artery. The gastrohepatic ligament
was divided along the left side of the liver until it reached
the right crus (Figure 7). Then, the dissection of the anterior sheet of the esophagogastric junction and phrenogastric ligament, were carried out.

Thoracoscopic and Laparoscopic Esophagectomy
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Mobilization of the greater curvature
The gastroepiploic arcade was carefully identified.
The dissection of the gastrocolic ligament was carried
out just lateral to the right gastroepiploic artery and vein.
The lesser sac was opened towards the spleen, always respecting the gastroepiploic vessels (Figure 8). Short gastric vessels were clipped and then divided, allowing access to the left crus and kocherization of the duodenum;
preservation of the right gastric artery was performed
and after that the mobility of the stomach was tested by
translocating the pylorus toward the right crus.

Celiac trunk lymphadenectomy and ligation of the left gastric vessels
The peritoneum was incised along the superior border of the pancreas. All fatty tissues from this point to the
right were dissected, while preserving the right gastric
and hepatic artery. After skeletonization of the hepatic pedicule, cephalad dissection was taken to the main trunk
of the common hepatic artery until the celiac trunk was
reached. The left gastric vessels were isolated and divided between clips (Figure 9). All lymphoglandular tissues
along the abdominal aorta were dissected until the diaphragmatic pillars were reached.

Gastric tube
The lesser curve arterial arcade was divided between
the level of its distal and second distal branches and then
an oblique incision was made into the body of the stomach. The cephalad dissection of the stomach was carried
toward the fundus running parallel with the greater curvature of the stomach. By repeated firings of the endostapler, one was able to fashion a gastric conduit, but it was
essential not to transect the stomach entirely (Figure 10).
Leaving some attached gastric tissue at the level of the
gastric fundus allowed an easier extraction of the specimen.

Intra-mediastinal dissection
When necessary, a vertical phrenotomy was performed at the summit of the crural pillars. The mediastinal dissection was performed until it reached the pericardium and the left inferior pulmonary vein (anterior);
the pleura (on the left and right side) and the aorta (posterior). The right inferior pulmonary ligament was sectioned if necessary. The two dissection fields could now
be joined. A plastic bag was put around the specimen allowing protection. The procedure ended by placing two
drains.

FIGURE 6. Laparoscopy - disposition of the trocars.

FIGURE 7. Complete dissection of the lesser omentum with preservation
of the right gastric artery.

Left cervicotomy
Position of the patient and surgeons
The patient remained in the supine position but the
head was hyper-extended and turned towards the right.
A 5cm incision was performed along the anterior border
of the left sternocleidomastoid muscle.

Specimen retrieval and esophagogastric anastomosis
The dissection of the esophagus started at its left posterior side so that the surgeon could insert one hand in
the posterior upper mediastinum. The anterior part of
the esophagus was dissected from the tracheal membrane until the previous intrathoracic field was reached.
After freeing the esophagus circumferentially, the organ
was transected at the level of the neck. At this moment,
a gentle traction on the distal part of the esophagus, facilitated by laparoscopic manipulations (Figure 11), re-

FIGURE 8. Opening the lesser sac by respecting the right gastroepiploic vessels.
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FIGURE 9.
The left gastric
vessels are isolated until the celiac
trunk is reached.

FIGURE 10.
Creation of the
gastric conduit.

FIGURE 11.
Abdominal view:
Final aspect after specimen retrieval.

trieved the tumor mass (protected by a plastic bag) and
then the gastric conduit into the neck.

DISCUSSION
Surgical resection remains the mainstay treatment for
patients with localized esophagogastric cancer and must
obey three fundamental principles: 1) adequate clearance of the tumor by resection of the affected organs
(esophagus, stomach); 2) complete removal of local and
regional lymph nodes and 3) restoration of gastrointestinal continuity.
One must always keep in mind that it is a complex procedure and the outcome of esophagectomy can be improved by paying attention to the surgical techniques
and to their execution (3-5). There are different surgical
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approaches for esophagectomy, including the transhiatal
approach, esophagectomy via left or right thoracotomy, or
in recent years, minimally invasive surgery involving thoracoscopy and/or laparoscopy.
The debate on whether a transthoracic or a transhiatal
approach should be used is now solved. Transhiatal approach offers a lower leakage rate and a better quality of
life (6) but most surgeons agree that it is suitable only for
patients with high-grade dysplasia or for the treatment
of end-stage benign esophageal diseases because of the
limited character of the lymphadenectomy performed.
Moreover, the mediastinal working space through a transhiatal approach may not be sufficient in order to visualize important mediastinal structures which can lead to
severe incidents. Most surgeons consider transthoracic
esophagectomy to be safer, with less chance of injurying
the trachea or bronchial tree, the thoracic duct, the azygous vein or the aorta. A more thorough lymphadenectomy leads to a better staging and also to a longer survival (7,8).
Esophageal cancer was found to be characterized by
multifocus growth and skipping metastasis (9). Thus, the
traditional 5cm length from the tumor of the surgical resected specimen is not enough and an increasing number
of surgeons prefer subtotal esophagectomy (10).
The 3-field approach (with two-field lymphadenectomy) allows a complete dissection of the esophagus
with an adequate clearance of the esophageal tumor (diminishing stump and multicentric esophageal cancer).
Moreover, it allows greater lymph nodes dissection (improving the long term outcome) and technically offers a
less demanding anastomosis (7).
De Paula described the first laparoscopic transhiatal
esophagectomy in 1995 (11). Three years later, Luketich
et al. (12) reported 8 cases of minimally invasive approach to esophagectomy, including one case of total thoracoscopic and laparoscopic esophagectomy with cervical anastomosis.
Although to the present date there is no randomized
trial comparing minimally invasive esophagectomy with
open techniques, this approach has shown promising results. A meta-analysis, conducted by Nagpal et al. (13)
showed that minimally invasive esophagectomy was significantly associated with less blood loss, shorter operative time and length of hospital stay and lower respiratory complications compared to open esophagectomy.
Other reports on minimally invasive esophagectomy have
shown a lower morbidity, less blood transfusion requirement, a low mortality rate, a faster operative recovery, a
shorter intensive care unit stay and a better quality of life
compared to open approach (1,7,14-16).
In comparison to open esophagectomy, laparoscopy
offers a more rapid recovery of bowel function, a faster social reintegration, minimal postoperative pain (all movements are performed through intercostal spaces) which
lead to an easier expectoration of respiratory secretions
and lower rate of morbidity (8). Besides that, thoracoscopy offers excellent visualization of intrathoracic structures facilitating a safer and more accurate mobilization
of the esophagus and a radical dissection of mediastinal
and paraesophageal lymphatic tissue, potentially leading
to an optimal oncological outcome (7).
A major problem after esophagectomy for cancer of
middle and lower esophagus is represented by the anastomotic complications (leakage and stricture). Despite
great controversy it remains the best method for esogastric anastomosis.

Thoracoscopic and Laparoscopic Esophagectomy
Because intrathoracic anastomosis has a major drawback (intrathoracic leaks following esophagectomy are
associated with increased mortality), most surgeons
prefer the cervical approach. Although the leakage rate
is higher than in intrathoracic anastomosis, the cervical
anastomotic leakage is much better tolerated and rarely
leads to mortality or return to the intensive care unit or
operating room (5,7,10). Nonetheless, technically speaking, cervical anastomosis is a less demanding anastomosis (16) and is considered to be closer to the physiological anatomy (10). If a cervical leakage is found, it can be
cured by thorough neck drainage and absolute diet (5,10).
The most important thing when it comes to anastomosis is its proper execution. There is no evidence from
randomized trials that leakage rates differ between stapled and hand sewn anastomoses. Mechanical devices are popular for intrathoracic anastomosis, while the
hand sewn technique is preferred in the neck. However,
this hand sewn method is certainly less expensive (4).
Anastomotic stricture is another main complication. The
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surgical technique and the method of alimentary reconstruction are considered to be related to anastomotic stricture (16). The surgeon must assure an adequate
anastomotic area in order to reduce the number of strictures. Small-diameter (under 25mm) circular staplers are
associated with high rates of anastomotic strictures and
are therefore not recommended. (17,18).

CONCLUSIONS
Thoracoscopic and laparoscopic esophagectomy with
cervical anastomosis is a safe and viable procedure with
low morbidity and rapid recovery. Due to the magnified
view of the operative field, a safer and more accurate mobilization of the esophagus together with a radical lymph
node dissection are technically possible thus potentially leading to a better oncological outcome. Further prospective, large, randomized, controlled trials are needed to demonstrate the superiority of minimally invasive
esophagectomy over the open approach.
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Tratamentul laparoscopic al unui tricobezoar gastric de mari dimensiuni
complicat cu perforaåie gastricã blocatã în peretele abdominal anterior
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Rezumat
Tricobezoarul reprezintã o masã de pãr ingerat, situatã intragastric. Prezentãm cazul unei paciente în vârstã de 17 ani ce
s-a internat în serviciul nostru cu simptomatologia unui ulcer
gastric. Ecografia adominalã, urmatã de endoscopie superioarã
digestivã a decelat un tricobezoar de mari dimensiuni situat la
nivelul stomacului. Laparoscopia a pus în evidenåã o perforaåie
gastricã la nivel corporeal anterior, blocatã în peretele
abdominal. Am practicat gastrotomie laparoscopicã cu
extragerea tricobezoarului æi sutura perforaåiei gastrice. Evoluåia
postoperatorie a fost favorabilã, pacienta externându-se la 5 zile
dupã intervenåie. Abordul laparoscopic s-a arãtat a fi o alegere
sigurã în tratamentul unui tricobezoar gastric complicat. În
literatura de specialitate au fost raportate mai multe cazuri de
tricobezoar ce s-au rezolvat prin tratament laparoscopic dar, din
câte ætim, cazul nostru este primul în care un tricobezoar
complicat cu perforaåie gastricã este abordat astfel.

our department with symptoms of gastric ulcer. Ultrasound
examination followed by upper endoscopy revealed a large
trichobezoar in the stomach with simultaneous gastric perforation. Laparoscopy also revealed a penetration into the anterior
abdominal wall accompanied by abscess at this level. We
performed a laparoscopic gastrotomy with trichobezoar extraction and laparoscopic treatment of perforation and abdominal
wall abscess. The postoperative evolution was normal and the
patient was discharged on the fifth postoperative day. We show
that laparoscopic approach may be safely used in the treatment
of the large gastric complicated trichobezoar. Several laparoscopic approaches were described for the treatment of
tricobezoar and its complications but as far as we know this is
the first report of laparoscopic treatment of large tricobezoar
and associate gastric perforation
Key words: trichobezoar, gastric perforation, abdominal wall
abscess, laparoscopic approach

Cuvinte cheie: tricobezoar, perforaåie gastricã, abces perete
abdominal, abord laparoscopic

Introducere

Abstract
Laparoscopic treatment of a large trichobezoar in the
stomach with gastric perforation and abdominal wall
abscess
Trichobezoar represents a mass of swallowed hair inside the
stomach. Here we report a 17-year-old girl who presented in
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Tricobezoarul este definit ca un corp strãin gastric, mai rar
intestinal, format din pãr ingerat. Primul caz de tricobezoar la
om a fost raportat in 1779 de cãtre Baudamant (1). 90% din
cazurile de tricobezoar de la om apar la femeile tinere (10-19
ani), acestea având obiceiul de a mesteca æi înghiåii propriul
pãr (2). În majoritatea cazurilor aceastã deprindere îæi are
debutul în copilãria timpurie; doar o jumãtate din pacienåi au
un istoric de tricofagie (2). Pãrul ingerat ajunge în stomac, este
blocat în faldurile de mucoasã æi formeazã nucleul viitorului
tricobezoar. O ”minge de pãr” este formatã atunci când
deprinderea de a ingera pãr continuã, acesta ataæându-se de
nucleul primar; în unele cazuri, masa de pãr va ocupa
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stomacul în întregime. În rare cazuri, o parte din pãr poate
trece în duoden æi ajunge sã fie eliminatã prin fecale; în alte
situaåii se pot forma tricobezoare la nivel intestinal cu ocluzie
consecutivã. Prelungirea unui tricobezoar în intestinul subåire
este cunoscutã ca æi sindromul Rapunzel (prezenåa unei mase
de pãr gastric cu extensie în duoden æi jejun) (3). În cazul
nostru, tricobezoarul s-a complicat cu perforaåie gastricã.

Prezentare de caz
Pacientã în vârstã de 17 ani, fãrã antecedente personale
patologice, se interneazã în Clinica Chirurgie III ClujNapoca, acuzând dureri la nivelul cadranului abdominal
superior stâng, cu debut de 1 sãptãmânã, mai accentuate
postprandial æi nocturn. Examenul fizic a evidenåiat o
pacientã cu un facies apatic, suferind, palidã, deshidratatã,
ce cântãrea 54 kg, cu temperatura perifericã la internare de
36,9°C, puls de 80 bãtãi/minut, frecvenåã respiratorie 18/
minut, tensiunea arterialã 140/80 mmHg.
La nivelul cadranului abdominal superior stâng se poate
palpa o formaåiune tumoralã de consistenåã moale, mobilã,
dureroasã. Restul examinãrii fizice nu ne-a adus date suplimentare. Menåionãm cã anamnestic, pacienta a recunoscut un
istoric de tricofagie în copilãrie, cu precizarea cã a avut aceastã
deprindere pânã la vâsta de 7 ani. Hemoleucograma ne-a
arãtat o anemie moderatã, microcitarã, normocromã;
biochimia sangvinã æi sumarul de urinã au fost în limite
normale. Ecografia abdominalã ne-a indicat prezenåa unui corp
stãin sau a unei formaåiuni tumorale la nivel gastric. Esofagogastroduodenoscopia efectuatã a decelat un bezoar de mari
dimensiuni asociat cu perforaåie localizatã pe peretele anterior
al stomacului. Datã fiind mãrimea tricobezoarului, nu s-a pus în
dicuåie îndepãrtarea endoscopicã a acestuia. La 2 zile de la
internarea in serviciul nostru am intervenit laparoscopic în
vederea extragerii tricobezoarului. Intraoperator, decelãm o
formaåiune intragasticã, aderentã de peretele anterior æi o
perforaåie blocatã în peretele abdominal, sub coasta 12 stângã,
cu un abces muscular la acest nivel de 7/8 cm (Fig. 1,2). Restul
structurilor din cavitatea abdominalã ne-au oferit relaåii normale. Cu pensa Ligasure am efectuat o gastrotomie transversalã
de 8 cm la nivelul peretelui anterior, centratã pe formaåiunea
tumoralã (Fig. 3); am pus astfel în evidenåã tricobezoarul cu
dimensiunile de 16/8/7 cm, vizibil prin gastrotomie. Odatã
extras din stomac (Fig. 4,5), bezoarul a fost introdus într-o
pungã (Fig. 6) a cãror margini au fost exteriorizate prin breæa
trocarului de 12 mm din cadranul stâng abdominal. Tricobezoarul de 1200 grame a fost mai întâi fragmentat în
interiorul pungii cu ajutorul unei pense Babcock, dupã care a
fost extras fragment cu fragment prin orificiul trocarului.
Gastrorafia s-a executat utilizând 14 fire separate, legate fiecare
imediat dupã aplicare (Fig. 7). Perforaåia a fost rezolvatã prin 4
fire de suturã ce au înãrcat 8-10 mm din versanåii plãgii æi 2 fire
din interiorul stomacului prin orificiul de gastrotomie (Fig. 8).
Sutura a fost completatã cu epiploonoplastie (Fig. 9). Abcesul a
fost aspirat, iar cavitatea fost drenatã extern cu ajutorul unui
tub de dren. Durata intervenåiei a fost de 6 ore.
Tranzitul intestinal al pacientei s-a reluat în ziua a doua

Figura 1. Perforaåie gastricã blocatã la nivelul peretelui
abdominal anterior

Figura 2. Perforaåia gastricã, dupã desprinderea de pe peretele
abdominal

Figura 3. Gastrotomie longitudinala sub nivelul perforatiei
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Figura 4. Extragerea tricobezoarului prin gastrotomie

Figura 5. Tricobezoarul a fost extras în totalitate din cavitatea
gastricã

Figura 6. Introducera tricobezoarului în pungã

Figura 7. Gastrorafia

Figura 8. Sutura perforaåie

Figura 9. Plastie cu epiploon
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postoperator, permiåând alimentarea per os cu lichide. În
ziua urmãtoare pacienta se alimentezã uæor cu semisolide;
are primul scaun postoperator. Externarea are loc la 5 zile
de la intervenåie. La 6 luni postoperator pacinta este
asimptomaticã, fãrã alte complicaåii.

Discuåii
Tricobezoarul reprezintã un corp strãin la nivelul tractului
digestiv format prin ingerarea treptatã de pãr pe parcursul unei
perioade mai lungi de timp. Cel mai frecvent, tricobezoarul este
întâlnit la adolescente, fiind totuæi descris la toate categoriile de
vârsta. La o micã parte din pacienåi poate fi asociat cu pica,
retard mintal æi alte afecåiuni psihiatrice (4). De obicei pacienåii
devin simptomatici atunci când tricobezoarul este de mari
dimensiuni; în literaturã a fost comunicat un caz de tricobezoar
de 4,5 kg (5). Cele mai frecvente simptome sunt: durere
abdominalã, inapetenåã, greåuri, vãrsãturi. Tricobezoarul se
poate complica cu ulcer, perforaåie, penetraåie, ocluzie gastricã,
invaginare (5), hemoragie gastrointestinalã, pancreatitã acutã
(7), icter mecanic æi ocluzie intestinalã. Valori scãzute ale
sideremiei, anemie megaloblasticã æi malnutriåie pot de
asemeni sã aparã (8,9). Mecanismele apariåiei ulceraåiei gastice
asociate cu tricobezoar, includ : iritarea constantã a mucoasei
gastrice , hipertrofia mucoasei gastrice, edemul, hipoalbuminemia æi gastoenteropatia cu pierderi de proteine (9, 10). Au fost
raportate în literaturã decese datoritã complicaåiilor pe care un
tricobezoar le poate provoca. O mortalitate de 70% a fost raportatã pentru cazurile netratate, cauza principalã fiind obstrucåia
sau perforaåia cu peritonitã æi contaminare bacterianã (10).
Tomografia computerizatã este consideratã de cãtre cei mai
mulåi autori cea mai bunã metodã de diagnostic, deoarece
precizeazã cu acurateåe volumul, structura si localizarea tricobezoarului. Acesta apare ca o masã ovoidã, neomogenã, în
lumenul tractului digestiv (11). Ecografia abdominalã reprezintã
de asemeni o investigaåie utilã în diagnosticul unui tricobezoar
(12). Endoscopia digestivã superioarã este recomandatã, aceastã
investigaåie confirmând diagnosticul æi având un rol terapeutic
în cazul tricobezoarelor de mici dimensiuni, ce pot fi extrase din
lumenul gastric prin manevre endoscopice; aceste situaåii sunt
rare, tricobezoarele fiind în cele mai multe cazuri de mari
dimensiuni (4). Metode de îndepãrtare endoscopicã a tricobezoarelor au fost raportate in literaturã; amintim: fragmentarea
tricobezoarului cu instrumente de biopsie sau jet de apã (13), cu
ajutorul bezotomului (14), fragmentarea cu ajutorul laserului
(15). Aceste metode prezintã un risc crescut de perforare
esofagiana (16).
Managementul laparoscopic al cazurilor de tricobezoar este
aprobat de majoritatea autorilor, datoritã inciziilor de mici
dimensiuni, durerii postoperatorii reduse, recuperarii rapide,
rezultatelor estetice bune. Dupã cunoætinåele noastre, tratamentul laparoscopic al unui tricobezoar de mari dimensiuni,

complicat cu perforatie gastricã blocatã în peretele abdominal
nu a mai fost practicat sau raportat.

Concluzii
Am prezentat cazul unei adolescente cu tricofagie, cu o serie
de complicaåii date de prezenta tricobezoarului gastric,
incluzând anemia secundarã æi ulcerul gatric perforat.
Examinarea ecograficã abdominalã æi endoscopia superioarã
digestivã s-au dovedit a fi de mare folos diagnostic. Abordul
laparoscopic a fost utilizat cu succes în tratamentul acestui
tricobezoar gastric de mari dimensiuni.
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Abstract
Background Selection of the most appropriate treatment
to obtain the lowest morbidity, mortality, and recurrence
rates is mandatory for hydatid disease of the liver. This
study evaluated the results of laparoscopic treatment
(compared with the open approach) in the context of a
10-year single-institution experience.
Methods Between January 1998 and January 2008, 333
patients with hydatid disease of the liver underwent surgery
in the authors’ department. Only the following aspects
were considered as selection criteria for laparoscopic surgery: liver cyst not located in segment 1 or 7, with corticalization on the surface and no evidence of intrabiliary
rupture. Of 62 patients who underwent laparoscopic treatment, 3 required conversion to open surgery. The remaining 59 patients (group 1) were analyzed. During the same
period, 271 patients with hepatic hydatid disease underwent conventional surgery, but only 172 records were
compatible with the criteria for the laparoscopic approach
and the respective patients were retrospectively reviewed
(group 2).
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Results Conversion to open surgery occurred in three
cases (4.84 %). The mean cyst diameter was 6.62 cm
(range, 2–15 cm) in group 1 and 7.23 cm (range, 2–18 cm)
in group 2 (p = 0.699). The mean operative time was
72 min (range, 45–140 min) in group 1 and 65 min (range,
35–120 min) in group 2 (p \ 0.001). The general complication rate and abdominal wound complication rate were
respectively 0 % and 0 % in group 1 (p = 0.023) compared with 5.23 and 8.72 % in group 2 (p = 0.015). The
mean hospital stay was 6.42 days (range, 1–21 days) in
group 1 and 11.7 days (range, 4–80 days) in group 2
(p \ 0.001). The mean follow-up period was 24.2 months
(range, 6–32 months) in group 1 and 28.4 months (range,
6–40 months) in group 2. No recurrences were observed in
either group during this period.
Conclusion Laparoscopic surgery provides a safe and
efficacious approach for almost all types of hepatic hydatid
cysts. Large, prospective, randomized trials are needed to
confirm its superiority.
Keywords Hepatic hydatid cyst  Laparoscopic surgery 
Treatment of hydatid disease

Hydatid disease is a severe parasitic disease with a widely
ranging distribution. Echinococcosis is considered to be
endemic in regions wherein farming is the basic occupation
of the population [1].
Although liver hydatidosis is considered a benign disease, it has a considerable social and economic impact.
Without treatment, the cysts grow in size and eventually
cause complications leading to disability or even exitus.
Only in exceptional circumstances can spontaneous healing
occur through the parasite’s death and calcification. For
these reasons, it is generally accepted that hydatid disease
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must be treated once it is diagnosed. Surgery remains the
gold standard therapy [2, 3] despite the increased interest in
nonsurgical techniques. Because the open procedures are
followed by significant morbidity, especially in terms of
wound infection [2, 3], the laparoscopic approach has
become increasingly popular, although controversies
regarding the role of laparoscopy in the management of
hydatid disease have not been resolved to date [2].
This study presents the results of both open and laparoscopic treatment in the context of a 10-year singleinstitution experience.

Patients and methods
Between January 1998 and January 2008, 333 patients with
hydatid disease of the liver underwent surgery in our
department. Only the following aspects were considered as
selection criteria for laparoscopic surgery: liver hydatid
cysts not located in segment 1 or 7 of the liver (Couinaud’s
segmentation), with corticalization on the surface of the
liver and no evidence of intrabiliary rupture.
Intrabiliary rupture was suspected preoperatively in the
following cases:
1.

2.

3.

4.

Liver hydatid cyst with Gharbi type 2 during abdominal ultrasound associated with hepatic cytolysis and
cholestasis changes.
Liver hydatid cyst with Gharbi type 2 or 4 during
abdominal ultrasound associated with the presence of
jaundice during hospital admission or in the medical
history.
Liver hydatid cyst with Gharbi type 2 or 4 during
abdominal ultrasound, with common bile duct dilation
exceeding 10 mm and elevated cholestatic levels.
Liver hydatid cyst with Gharbi type 2 or 4 during
abdominal ultrasound and the presence of echogenic
material within the common bile duct.

All the respective patients underwent preoperative
endoscopic retrograde cholangiopancreatography (ERCP).
Patients showing a communication between the cystic tumor
and the bile duct were excluded from the laparoscopic group.
Of 333 patients, 62 underwent laparoscopic treatment. Three
of these patients required conversion to open surgery and were
excluded from the study. The remaining 59 patients (group 1)
were retrospectively analyzed. All the patients were treated
with albendazole (400 mg twice a day or 12 mg/kg when the
weight was \60 kg) before the operation (4–7 days).
Surgical techniques for group 1
Four ports were placed as follows: a supraumbilical 10 mm
port through which a 30° telescope was inserted, a 10 mm
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port inserted at the epigastrium as near as possible to the
cyst and used as a working channel, and two 5 mm ports
inserted according to cyst location. The abdominal cavity
was insufflated with carbon dioxide, and any adhesion
between the cysts and the neighboring organs was lysed.
Next, the hydatid lesions were isolated from the
remainder of the peritoneal cavity through wicks soaked in
20 % hypertonic saline solution. The tip of a puncture
cannula was pushed inside the cystic cavity, injecting 20 %
hypertonic saline solution. Another vacuum cannula,
inserted through the other working trocar, was permanently
maintained in the vicinity of the puncture point to prevent
any hydatid spillage.
After 5 min, the hydatid content was aspirated. Starting
from the puncture site, cystotomy was practiced, and the
germinal membrane together with the soaked wicks and the
sectioned pericyst were extracted in a plastic bag (endobag). After parasite inactivation and removal, the surgical
procedures chosen for the laparoscopic treatment of the
residual cavity were Lagrot partial pericystectomy (and
drainage of the remaining cavities) (54 cases) and total
pericystectomy (5 cases).
Lagrot partial pericystectomy involves resection of the
corticalized pericyst (externalized extrahepatic) up to the
border with the liver parenchyma. After this procedure,
the part of the intrahepatic pericyst (residual cavity) communicating with the remainder of the peritoneal cavity
remains in situ. The five cases solved by total pericystectomy required total excision of the pericyst after prior
inactivation of the hydatid content.
In two cases, the presence of a biliocystic fistula was
detected (small fistulous orifice) during surgery. This situation was solved by applying a metal clip and performing a suture (X-wire at this level). When occult
cystobiliary fistula was suspected (avital hydatid cysts or
secondary infected cysts present during abdominal ultrasound as a heterogeneous mass) but biliocystic communication could not be visualized intraoperatively, the
choice after Lagrot partial pericystectomy was double
external drainage of the residual cavity. Later, if necessary, ERCP was performed to decrease the pressure in the
biliary tract (see the Postoperative morbidity in group 1
section later).
During the same period, 274 patients with hepatic
hydatid disease underwent conventional surgery (including
the 3 patients who required conversion to open surgery). Of
the 274 patients, 69 presented with intrabiliary rupture,
eight presented with spontaneous rupture into the peritoneal cavity, and 25 had the cysts located in segment 7 of
the liver. These patients were excluded from the study. The
remaining records for 172 patients who met the criteria for
the laparoscopic approach were retrospectively reviewed
(group 2).
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Table 1 Demographic data and
concurrent comorbidities in the
patient population
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Parameter

Laparoscopic group

Conventional group

(n = 59)

(%)

(n = 172)

(%)

\50

48

81.35

136

79.06

[50

11

18.65

36

20.94

Mean age (years)

43.8 ± 8.3

p value

Age (years)

45.7 ± 7.9

0.851
0.117

Sex
Female

31

52.54

103

59.88

Male

28

47.46

69

40.12

Concurrent comorbidities

p \ 0.05 (statistically
significant difference)

6

10.17

24

13.95

0.602

High blood pressure

14

23.73

54

31.40

0.342

Ischemic heart disease
Overweight or obesity

13
6

22.03
10.17

35
42

20.35
24.42

0.929
0.032a

0.092

1–2

28

47.45

57

33.14

0.070

3

27

45.77

91

52.90

0.427

4

4

6.78

24

13.96

0.219

Surgical techniques for group 2
For the open surgical approach, we used a supraumbilical
midline incision or a subcostal incision. Any adhesion
between the cysts and the neighboring organs was lysed.
To prevent secondary peritoneal hydatidosis, the peritoneal
cavity was isolated with wicks soaked in 20 % hypertonic
saline solution before any maneuver on the hydatid cyst
was performed. Parasite inactivation was performed by
injecting 20 % hypertonic saline solution.
After 5 min, the hydatid content was aspirated. Starting
from the puncture site, cystotomy was performed, with
extraction of the germinal membrane and daughter vesicles.
The surgical procedures chosen for open treatment of the
residual cavity were Lagrot partial pericystectomy and drainage of the remaining cavities (136 cases), total pericystectomy
(26 cases), left lobectomy (Couinaud’s classification; 9 cases),
and left hepatectomy (Couinaud’s classification; 1 case).
Statistical analysis
All statistical analyses were performed using the SPSS 17
software package. Statistical comparative analyses were
performed using the v2 test and the t test. A p value lower
than 0.05 was considered to denote statistical significance.
Results
Demographic data and concurrent comorbidities
Detailed demographic data, concurrent comorbidities, and
the preoperative risk profile of both surgery study groups
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0.362

Diabetes mellitus

ASA

a

0.405

are presented in Table 1. Both groups were similar in
terms of age, gender, overall concurrent comorbidities,
and preoperative risk profile (American Society of Anesthesiologists [ASA] classification). Obese or overweight
patients were more numerous in group 2 (treated by
the classic approach) (24.42 vs. 10.17 %; p = 0.032),
although more than 10 % of the patients treated by laparoscopic approach presented with these concurrent
comorbidities.
Intraoperative characteristics of the cysts
and perioperative morbidity and mortality
The pathologic characteristics of the cysts and the surgical
procedures used for the treatment of the hepatic hydatid
cysts in both surgery study groups are presented in Table 2.
The average size of the liver hydatid cysts was 6.62 cm
(range, 2–15 cm) in group 1 and 7.23 cm (range, 2–18 cm)
in group 2. Both groups were similar in terms of cyst
location, size, and type (character), as well as the surgical
procedures used for treatment (although Lagrot partial
pericystectomy was used more frequently in group 1 than
in group 2: 91.52 versus 78.5 %, p = 0.041).
Conversion to open surgery occurred in three cases
(4.84 %). The main reasons for conversion to open surgery
were bleeding (2 cases) and difficult location of the cyst
(inadequate exposure; 1 case).
The mean operative time was 72 min (range,
45–140 min) in group 1 and 65 min (range, 35–120 min)
in group 2 (p \ 0.001). The mortality rate was 0 % for
group 1 and 1.16 % (2 cases) for group 2. The difference
between the two groups was not significant (p = 0.997).
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Table 2 Pathologic features of the cysts and the surgical procedures used in the patient population
Parameter

Laparoscopic group
(n = 59)

Location of the cyst (Couinaud’s classification)

p value

(%)

(n = 172)

(%)

0.366

Segments 2–4

14

23.72

51

29.65

0.480

Segments 5–6

24

40.68

53

30.82

0.220

Segment 8

21

35.60

68

39.53

0.707

Size of the cyst (maximum diameter) (cm)

0.699

\5

13

22.03

30

17.44

0.556

5–10
[10

41
5

69.50
8.47

124
18

72.10
10.46

0.830
0.850
0.322

Type (character) of the cyst

a

Conventional group

0.550

Pure clear fluid cyst (Gharbi type 1)

23

38.98

53

30.82

Hydatid daughter cyst (Gharbi type 3)

16

27.11

68

39.53

0.120

Calcified (Gharbi type 5)

7

11.87

19

11.05

0.947

Avital hydatid cyst (heterogeneous mass)

6

10.17

15

8.72

0.942

Secondarily infected cyst

7

11.87

17

9.88

0.853

Surgial procedures used

0.127

Lagrot partial pericystectomy

54

91.52

136

78.5

0.041a

Total pericystectomy

5

8.48

26

15.11

0.285

Left lobectomy

0

0

9

5.21

0.162

Left hepatectomy

0

0

1

0.58

0.572

p \ 0.05 (statistically significant difference)

Although the overall morbidity rate was 10.7 %
(6 cases) in group 1 and 22.09 % (38 cases) in group 2,
with no significant difference between the two groups
(p = 0.167), the statistical analyses of the postoperative
outcome showed that the incidence of wound complications (seroma and abscess) and general complications
(pleural effusions, pulmonary embolism, organ failure)
were significantly higher for the open group (group 2: 8.72
and 5.23 %, p = 0.015) than for the laparoscopic group
(0 and 0 %, p = 0.023) Table 3.
Postoperative morbidity in group 1 (laparoscopic
approach)
Group 1 had two abscesses of the residual cavity and four
cases of external biliary fistulas. The hydatid cysts developing the two abscesses of the remaining cavity were
medium-sized and located in segments 8 and 3. Both
abscesses were laparoscopic ally drained.
Of the four hydatid cysts with postoperative development
of biliary fistulas, only one was intraoperatively diagnosed
as abscessed. The remaining three hepatic cysts were
acephalocyst (with pure clear cyst fluid) or cysts with
daughter vesicles. No biliocystic communication was
detected intraoperatively in any of the cases. The flow of the
four biliary fistulas significantly decreased after intestinal

transit resumption, but they closed spontaneously in only
two cases. The remaining two cases needed ERCP with
endoscopic sphincterotomy, which accomplished closure of
the biliary fistulas in 7–10 days.
Postoperative morbidity in group 2 (conventional
approach)
Most of the surgical complications in group 2 were wound
complications (seromas, suppuration: 8.72 %, 15 cases)
and biliary fistulas (4.65 %, 8 cases). Wound complications
(seromas or suppuration of the wound) required removal of
two or three cutaneous stitches and collection evacuation
followed by daily antiseptic treatment, with a favorable
evolution.
Most of the patients (6 cases) who experienced postoperative biliary fistula were treated conservatively. The
amount of bile drained through the drain tubes from the
remaining cavity decreased dramatically after bowel transit
resumption, with complete closure of the biliary fistula in
4–8 days. For the two cases in which the biliary fistula did
not close spontaneously, ERCP was performed together
with sphincterotomy, with closure of the biliocystic fistula
accomplished in 5 days, from labor in one case. The
remaining case had a slow unfavorable evolution with
septic hepatic abscess, which required laparotomy.
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Table 3 Postoperative morbidity and mortality

In six cases (3.49 %), hepatic abscess developed in the
remaining cavity. Two of the cases required surgical
intervention with abscess evacuation, cavity cleansing, and
multiple drainage, which resulted in a favorable evolution.
For the third case, right hepatectomy was performed, but
the patient experienced septic shock and multi-organ failure and died on the 60th day of hospitalization.
Six of the seven cases with pleural collections did not
require puncture with evacuation but were treated conservatively with antibiotics and nonsteroidal antiinflammatory
drugs (NSAIDs). A single case required pleural puncture,
with 350 ml of serocitrin liquid extracted and the patient
experiencing a favorable outcome.
Hospital stay and evidence of hydatid recurrence
The mean hospital stay was 6.42 days (range, 1–21 days)
in the laparoscopic group (group 1) and 11.7 days (range,
4–80 days) in the open group (group 2). The stay was
significantly longer for group 2 (p \ 0.001).
The mean follow-up period was 24.2 months (range,
6–32 months) for group 1 and 28.4 months (range,
6–40 months) for group 2. No recurrences were observed
in either group during this period.

Discussion
Although the possibilities for the treatment of hepatic
echinococcosis have increased considerably in recent years
(including medical treatment, PAIR, or a combination of
these two), surgery remains the mainstay for healing of
hydatid disease [2, 3]. Due to the development in technology and especially the increasing number of more
experienced surgeons, laparoscopic surgery has been
introduced for the surgical treatment of liver hydatid
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disease liver as well as for the surgical treatment of many
other organs.
Initially, however, laparoscopy was not quickly accepted
or widely used in the treatment of hydatid disease due to the
concern that the recurrence rate and the risk of intraperitoneal dissemination might be higher with laparoscopy than
with the conventional approach [4, 5]. Different authors
have attempted to reduce the risks with laparoscopy by preand postoperative albendazole therapy, proper isolation of
the cyst from the remainder of the peritoneal cavity (using
various devices), and the use of wide-angle laparoscopes
[6–8]. In fact, the real risk of spillage is lower than might be
expected [9], and the short-term recurrence rate varies
between 0 and 9 % after laparoscopy, whereas in open
cases, it is higher (0–30 %) [10, 11].
Laparoscopic treatment of liver hydatidosis should not
be regarded as a new surgical technique but rather as a new
and minimally invasive access (with all its benefits) for
performing a popularly established surgical intervention.
Like any other surgical intervention, laparoscopic treatment of liver hydatidosis complies with the basic surgical
principles of treating liver hydatid cysts by an open
approach including prevention of hydatid spillage, sterilization and evacuation of the parasite, and management of
the residual cavity [2–5].
Most of the reports on laparoscopic treatment of liver
hydatidosis consist of case reports or small patient series
[2, 5, 7, 12]. They could give the misleading impression
that they are oriented to publish successful results with this
technique, but the difference detected in favor of the
minimally invasive approach could be due to the limited
number of patients and the rigorous selection criteria
(central location of the cyst, cyst size exceeding 10 cm,
cysts with thickened and calcified walls).
Our series of 59 patients is one of the largest series in
the literature, and our selection criteria were truly
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permissive (including any patient wanting a laparoscopic
approach whose cyst was not communicating with the
biliary tree or was located in liver segment 1 or 7). Our
series included a large variety of hydatid cysts. Most of
them were proligere cysts with daughter vesicles ([66 %),
but infected or calcified cysts were represented as well.
Regarding cyst size, although most cysts were mediumsized (5–10 cm), a large number of giant cysts ([10 cm)
were treated by means of the laparoscopic approach.
Another great advantage of laparoscopic treatment is
that the laparoscope can be inserted inside the cystic cavity,
allowing its inspection. The image of the pericystic cavity’s interior displayed on monitors actually is two to three
times larger. If a biliocystic communication is observed, it
can be approached by applying a clip or an X-shaped wire.
Also, remnants of the germinal membrane can be identified
and removed, reducing the incidence of recurrence or
suppurative complications.
A few disadvantages of the laparoscopic approach need
to be considered. For example, laparoscopy still is limited
in terms of liver resection, closure of biliary communications, and achievement of pericystodigestive anastomoses,
although in recent years, an increasing number of authors
have published promising results (small series of patients)
[12–14].
We did not perform any hepatic resections or pericystodigestive anastomoses via laparoscopy, although a
recently published review involving a large number of
patients (1,294 patients with liver resection, 314 of whom
were treated via laparoscopy) proved that laparoscopic
liver resection is safe and feasible with definite short-term
benefits and lower postoperative morbidity [15].
No prospective, randomized clinical trials comparing
laparoscopic with open surgical treatment of hydatid disease have been reported. Postoperative morbidity ranges
from 8 to 25 % in laparoscopic studies and from 12 to
63 % in open series [4]. Treatment-related death after
laparoscopy is almost zero in laparoscopic series, whereas
it ranges from 0 to 3 % in open series [4, 11].
Our morbidity rate was significantly lower in the laparoscopic group, mainly due to a lower incidence of
abdominal wound complications (0 vs. 8.72 %, p = 0.015)
and general complications (0 vs. 5.23 %, p = 0.023). No
disease- or procedure-related mortality occurred in the
minimally invasive treatment group. Similar results have
been reported by other authors [8, 12].
Although the mean operative time was slightly longer
with the laparoscopic approach (without statistical significance), we believe that this obstacle can easily be overcome by increased experience of the surgical team.
The encouraging results from the current study favor
extending the limits of laparoscopy in hydatid disease,
motivated primarily by a lower postoperative morbidity, an
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increased speed of healing, a shorter hospital stay, and
superior aesthetic results. Knowing the relationship
between the cyst and the biliary tree is essential in choosing
the appropriate patients for the laparoscopic technique,
although considering that laparoscopic hepatic resection is
a growing option in the field of hepatic surgery [15], the
only absolute contraindication to the laparoscopic approach
in the treatment of liver hydatid cyst is posterior location of
the cyst (segments 7 and 1). For surgeons experienced in
liver surgery, working in centers with adequate technical
equipment, the presence of biliocystic communication is a
relative contraindication that can be overcome with
increasing experience.
The indications for the laparoscopic approach in the
treatment of liver hydatidosis have been and still are in
constant change. It should not be forgotten that 15 years
ago, the indications for a laparoscopic approach to the
treatment of liver cyst were limited to small liver hydatid
cysts (\5 cm) without daughter vesicles and in a peripheral
location. All these contraindications proved to be overstated given that the same prophylactic measures are taken
to reduce the risk of peritoneal hydatidosis and that the
surgical time for the conventional surgery is observed.
Therefore, the only real contraindication with absolute
character is the surgeon’s inability to physically perform
the suggested surgery (and this happens when the hydatid
liver cyst has a posterior location: segments 7 and 1).
When the advantages of the laparoscopic approach are
weighed, especially the fast healing and aesthetic results,
which actually were the only real criteria for assessing the
quality of the interventions, the disadvantages of minimally
invasive approach are set aside. They are temporary impediments in perfecting the therapeutic concept of the minimally
invasive approach, which surely will be the future of surgery.

Conclusions
Many of the open surgery techniques for hepatic hydatid
cysts can be performed laparoscopically, complying with
the conventional tempo of the surgical intervention. Laparoscopic surgery provides a safe and efficacious approach
to almost all types of liver hydatid cysts, but knowledge of
the relationship between the cyst and the biliary tract is
essential in choosing the appropriate patients. Considering
the well-known benefits of minimally invasive surgery, the
laparoscopic approach offers a viable alternative to conventional surgery for the treatment of liver hydatid cysts
and is worthy to be considered for suitable situations.
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Case Report

Minimal Invasive Treatment of Abdominal
Multiorgan Echinococcosis
Claudiu Tomus, Florin Zaharie, Lucian Mocan, Dana Bartos, Roxana Zaharie,
Cornel Iancu, Al Hajjar Nadim
Department of Surgery, ‘‘Octavian Fodor,’’ Regional Institute of Gastro-Enterology and Hepatology,
Cluj-Napoca, Romania; ‘‘Iuliu Hatieganu,’’ University of Medicine and Pharmacy, Cluj-Napoca, Romania

Hydatid disease is a severe zoonosis, exerting a high economic and social impact through
its numerous complications, leading to disabilities, even death. Because of technical
developments, especially the increasing experience of surgeons, laparoscopic surgery has
been extended so that it can be successfully applied to abdominal hydatid cysts. We
present the case of a 16-year-old patient who came to our clinic for upper abdominal pain.
The abdominal ultrasonography and computed tomography (CT) showed 2 cyst-like
tumors, with hydatid features: one affecting the eighth liver segment and the other
located at the upper pole of the spleen. We performed the surgical intervention using a
laparoscopic approach, with an uneventful postoperative follow-up and the patient was
discharged home on postoperative day 4. The postoperative images at 6 and 12 months
showed a decrease in size of the remnant cystic cavities.
Key words: Hydatid cyst – Laparoscopic treatment – Abdominal echinococcosis – Partial
pericystectomy

E

chinococcosis or hydatid disease is a severe
parasitic disease that affects both humans and
animals, having the tapeworms of the genus Taenia
echinococcus as etiologic agents. It has a wide range,
but occurs especially in regions where farming is the
main occupation.1
The definitive host is usually the dog or other
canines. The usual intermediate hosts (sheep or
goat) contract the infection when ingested eggs
liberate their larvae in their duodenum. Humans

become an accidental intermediate host through
direct contact with the final hosts of the parasite or
by ingesting contaminated food. The most commonly affected organs are the liver (70%), the lung (15%–
20%), the spleen (3%–8%), and the kidney (2%–4%),
although hydatid cysts have been found in all
human body organs, including the striated muscle,
central nervous system, thyroid, pancreas, heart,
retroperitoneum, and even the subcutaneous tissue.2
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Fig. 1 Puncture and parasite inactivation. (A) Hepatic hydatid cyst; (B) splenic hydatid cyst.

Without treatment, the cysts grow in size and
eventually cause complications. Only in exceptional
circumstances, spontaneous healing can occur
through the parasite’s death and calcification. For
these reasons, once diagnosed, the hydatid disease
must be treated.

Case Report
A 16-year-old female patient from the rural area,
without significant pathologic or heredo-collateral
medical history, came to the ambulatory care unit
complaining of abdominal pain in the epigastrium
and left hypochondrium, accompanied by fatigue
and low tolerance to effort.
The patient was in good general condition. The
abdomen was slightly sensitive to deep palpation in
the left hypochondrium, without muscular defense
areas or signs of peritoneal irritation.
Laboratory tests revealed the presence of a mild
eosinophilia (eosinophils, 5.1%); the other biochemical tests had normal values. Anti-Echinococcus
antibodies showed a higher level than normal.
Abdominal ultrasound revealed a corticalized, 70
3 65 mm, cystic tumor at the level of the eighth liver
segment, with a 3-mm echogenic membrane. The
spleen showed another 85 3 85 mm, cystic tumor
with a 3-mm hyperechogenic membrane. Another
ultrasound of the abdominal viscera revealed
62

normal relations. Pulmonary radiography also displayed normal relations.
Based on clinical and paraclinical data, the case
was interpreted as multiorgan abdominal echinococcosis (liver and spleen) and resulted in the
necessity of an initial drug treatment with albendazole (Zentel) at a dosage of 10 mg/kg body weight/
day in two doses, adminstered after meals, for 5
days, followed by surgery.
The surgical procedure chosen for treating both
lesions after the inactivation and removal of the
parasite was the same: laparoscopic partial pericystectomy. The splenic cyst was treated first.
Any adhesion between the cysts and neighboring
organs was lysed and the hydatid lesions were
isolated from the rest of the peritoneal cavity by
wicks soaked in 20% hypertonic saline solution. The
tip of a puncture cannula was pushed inside the
cystic cavity and a 20% hypertonic saline solution
was injected (Fig. 1). Another vacuum cannula,
inserted through the other working trocar, was
maintained in the vicinity of the puncture point to
prevent any hydatid spillage. After 5 minutes the
hydatid content was aspired. Starting from the
puncture site, a cystotomy was undertaken and the
germinal membrane (Fig. 2) with the soaked wicks
and the sectioned pericyst were extracted in a plastic
bag (endobag). Lagrot partial pericystectomy (using
ForceTriadTM forceps - Valleylab, Boulder, Colorado) was performed as treatment of the residual
Int Surg 2013;98
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Fig. 2 The germinal membrane is extracted and placed into a
plastic bag (endobag)

Fig. 3 Treatment of the residual cavity (Lagrot pericystectomy).
(A) Splenic hydatid cyst. (B) Hepatic hydatid cyst.

cavity (Fig. 3). Drainage of the remaining cavities
(liver and spleen) was done at the end of the
laparoscopic surgery.
The histopathologic examination of the collected
surgical material supports the diagnosis of hepatic
and splenic hydatid cysts.
Postoperative course was uneventful, resulting in
the resumption of bowel movements on the first day
after surgery, and in the removal of the drainage
tubes the third and fourth day after surgery, when
the patient was discharged. The treatment with
albendazole (Zentel) was continued from the first
day after the surgery. The administered albendazole
dose was of 10 mg/kg body weight/day in two
doses, administered after meals, for 4 weeks (3
therapeutic cycles with a break of 2 weeks).
Postoperative follow-up (performed at 3, 6, and 12
months after surgery) consisted of clinical examination, laboratory tests (liver tests and complete blood
count), abdominal ultrasound/contrast-enhanced
abdominal computed tomography (CT), chest radiography, and anti-echinococcus IgG determination
(only once, 1 year after the surgery). Laboratory tests
showed normal values in all examinations, and
abdominal ultrasound and CT showed the reduction
in size of both residual cavities. There was no
recurrence of hydatid disease.

Discussion
The management of disseminated hydatid disease is
complex and requires a multidisciplinary approach.3,4
Surgery is still a rule in healing hydatid disease.
When possible, surgical removal of all hydatid cysts
Int Surg 2013;98

in a single procedure is most desirable.3,5 Surgical
treatment of abdominal multiorgan hydatidosis may
be conventional or laparoscopic. Currently, the
laparoscopic treatment of abdominal hydatid disease is considered to be a feasible and safe measure
in selected patients, with low morbidity and
mortality, obeying the principles of open surgery
and benefiting from the advantages of minimally
invasive surgery: comfort after surgery, minimal
pain, short hospitalization, rapid social reintegration.6,7 The increased risk of intraperitoneal dissemination is considered to be the great drawback of the
laparoscopic approach.8 This would be determined
by the impossibility of correctly isolating the
peritoneal cavity and by the presence of the
pneumoperitoneum. The moment of puncture represents the maximum vulnerability period.
We believe that the precautions we have taken by
isolating the pericyst with wicks soaked in scolicidal
solutions, continuously maintaining a vacuum in
the vicinity of the puncture site, inactivating and
aspirating the hydatid content with the same
vacuum, without ripping it from the puncture site,
as well as evacuating the germinal membrane in a
plastic bag (endobag), are no less important than the
safety measures taken in conventional surgery.
Another advantage of the laparoscopic treatment
is that the laparoscope can be inserted inside the
cystic cavity, allowing its inspection. The image of the
pericystic cavity’s interior displayed on monitors is
actually 2 to 3 times larger than the actual size. If a
biliocystic communication is observed, this can be
approached by applying a clip or an X-shaped wire.
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Also, remnants of the germinal membrane can be
identified and removed, reducing the incidence of
recurrence or suppurative complications.
Our case is also remarkable because it presents
multiple abdominal lesions (liver and spleen), but
does not show pulmonary involvement.
Choosing the optimal surgical procedure for the
treatment of liver hydatidosis depends on the
location and size of cyst, the presence or absence
of complications (including biliary ones), and the
surgeon’s experience.
Regarding the surgical treatment of splenic
hydatidosis, most investigators agree with the use
of conservative surgery of the spleen rather than
splenectomy.9–12
We believe that laparoscopic surgery used for the
treatment of abdominal hydatid cysts (splenic or
hepatic) should not be regarded as a new surgical
technique but rather as a means of a minimally
invasive approach (with all its benefits) of a popular
surgical technique.13 As with other surgical interventions, laparoscopic treatment of abdominal
hydatidosis complies with the conventional tempo
of the surgical intervention.
Although albendazole is mainly used in treatment of inoperable cysts, there is evidence suggesting that the drug can decrease the recurrence of
disease.14 Because of the high rate of recurrent
hydatid disease after treatment with only surgery or
with only albendazole, we strongly recommend the
multidisciplinary approach (treatment with albendazole, both preoperatively [7–10 days] and postoperatively [3 cycles]). Other investigators share the
same beliefs,3,4,14,15
We used 20% hypertonic saline solution as the
scolicidal agent for parasite inactivation (for both liver
and spleen) and isolation of the peritoneal cavity,
being recommended by most investigators.6,12,16
The therapeutic solution for multiorgan hydatid
cysts is complex and requires a multidisciplinary
approach. The laparoscopic treatment of the hepatic
and splenic echinococcosis, with the well-known
advantages of minimally invasive surgery, offers a
viable alternative to conventional surgery in the
treatment of abdominal hydatid cysts, worthy to be
considered when appropriate. The advantages are
perfect visibility of the lesion and of the perilesional
structures, better detection of the intracavitary
biliary fistulas, minimal postoperative pain, lower
incidence of wound infection, and a short hospitalization period and superior aesthetic results.
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SUMMARY
Rectal resections are the only treatment with curative
intent currently accepted world wide. When performed
in elective circumstances, laparoscopic rectal excision
is technically feasible in surgical approach of mid-rectal cancer in a considerable number of patients. There
are many benefits of the laparoscopic approach to rectal resection such as short hospitalization, less pain, less
postoperative complications and improved quality of
life. However, one mandatory condition in laparoscopic
INTRODUCTION
Total mesorectal excision (TME) is an integral and crucial part of the surgical treatment in rectal cancer. This
surgical procedure, together with an appropriate adjuvant treatment strategy can improve the prognosis in
patients with rectal cancer. For most patients the anal
sphincter preservation is of outmost importance. While
the oncological resection of the colon is performed in
comfortable conditions, that of the rectum creates real
tactical and technical problems: in-depth dissection, narrow field of work, the need to protect the sphincter, the
risk of innervation damage with consequent occurrence
of urinary, sexual and anal dysfunction, difficulty in assessing a reliable anastomosis at this level.
Over the past three decades TME has been the most
common surgical technique as the key to success against
recurrence. Laparoscopic low anterior resection with
TME requires experience and technical skills, tactical decision-making capacity for selecting patients in order to
carry out only the surgical treatment or its association
with adjuvant or neoadjuvant chemoradiotherapy. TME is
essential for reducing the risk of locoregional recurrence
especially in cases of advanced rectal cancer, but it also reduces distal rectal stump vascularization, increasing the
risk of anastomotic fistula (1).
TME was introduced in 1982 as standard method of
classical surgical treatment of rectal cancer. The laparoscope with 30 degrees side sight may be the surgeon’s
third eye whilst entering a narrow pelvis and allows a
magnificent view as well as a more accurate detection,
and fiber and autonomic nerve plexus protection, an injury that might cause sexual dysfunctions and urinary
complications. Recent studies have shown that the laparoscopic method has decreased the rate of urinary and
sexual dysfunctions after rectal resections with TME (2).
TME has become the standard treatment method for
Hepato-Gastroenterology 2012; 59:00-00 doi 10.5754/hge11470
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resection of rectum includes complete excision of the
rectum and mesorectum, generally ensuring a minimal
distal margin of 2cm and circumferential radial clearan- Abbreviations:
ce before performing a coloanal anastomosis. Here, we Total Mesorectal
present a laparoscopic approach for rectal cancer treat- Excision (TME).
ment consisting in a wide resection of the rectum, including the entire fascia with the enclosed mesentery
of the rectum.

middle and lower rectal cancers (T1-3, N0-1) and together with radiochemotherapy, it has helped in decreasing
the recurrence rate. For tumors located more than 10cm
away from the anal orifice, the anterior resection of the
rectum with mesorectal excision 4-5cm below the tumor
is sufficient, which meets the cancer criteria (3).
The operative procedures of anterior resection with
TME described by Heald (4,5) are inferior mesenteric artery ligature at its origin or left colic artery preservation;
splenic flexure mobilization; instrumental mesorectal
dissection; ligature and resection of the lateral ligaments
with nerve elements protection; complete mesorectal excision up to the level of the anal junction without opening the rectal fascia; temporary colostomy in the transverse colon or ileostomy; and colorectal or coloanal anastomosis.

SURGICAL TECHNIQUE
Laparoscopic rectal surgery is not a one surgeon technique. The team must consist of two experienced surgeons and a trained cameraman assistant. The recommended instruments are: the 30° field of view telescope,
atraumatic bowel clamps (minimum two), an ultrasonic
dissection device or Ligasure device, metal clips during
vascular time (or vascular stapler), roticulating staplers
of different sizes (30-45-60mm) for rectal resection, and
circular stapler for coloanal anastomosis. A sterile plastic device is also necessary in order to protect the abdominal wall while extracting the resection piece (it can also
be a handicraft).
Patient position and trocar placement
The patient is placed in Lloyd-Davies position, with
the patient tilted to 20-60° Trendelenburg position and
turned right. This position helps to relieve the loops of the
small intestine from the surgical field (lower abdomen
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and pelvis). In women, for a better exposure, the uterus can be anchored with sutures to the anterior abdominal wall. The main surgeon is placed on the right side of
the patient and the assistant camera operator on the left,
therefore, the patient›s right hand is placed near the body
to facilitate the position of these two. The assistant surgeon is placed on the right side of the patient, the nurse
and the operating table being positioned on his/her left.
The screen is placed at the patient’s feet, leaving enough
access room for the operator to perform the mechanical
anastomosis. A second screen can also be mounted on the
right side of the patient in case of splenic flexure mobilization (Figure 1).
The 10mm scope trocar is placed in supraumbilical
position, the operator using a 5mm trocar placed on the
right anterior axillary line approximately 5cm above the
union with the transverse line that goes through the umbilicus (upper right quadrant), and a 10-12mm trocar
about 5cm below it (lower right quadrant), so that the
working arms form a 90° angle on the dissection field.
The assistant uses a 5mm trocar placed on the left anterior axillary line approximately 5cm above the transverse
line passing through the union of the umbilicus (upper
FIGURE 1.
The positioning
of operative
team and
equipment.
Main surgeon:
OP; secondary
surgeon: OS;
assistant
cameraman:
AC; instrument
nurse: AI;
tertiary surgeon:
OT (placing
transanal
circular stapler);
primary
monitor: MP;
secondary
monitor: MS.

FIGURE 2.
Position of
trocars: 5mm
and 10 (or 12)
mm trocars on
the right axillary
line for the
main surgeon,
10mm scopic
trocar for the
cameraman, two
5mm trocars
on the left
axillary line for
the secondary
surgeon.
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left quadrant), and optionally (for us a routine practice)
a 5mm trocar on the left anterior axillary line, 5cm below
the union with the transverse line that goes through the
umbilicus (lower left quadrant) (Figure 2).

Mobilization of the sigmoid colon during vascular
spasm
We use lateral approach towards the middle because
it is easier. The left ureter is easily identified in the lateral peritoneal space especially by beginners. We begin
by cutting through Toldt’s fascia. The sigma is revealed
by the assistant with the help of intestinal forceps. The
left ureter and the left gonadal vessels are identified under the left parietal peritoneum, detaching them from the
mesosigmoid to avoid their further damage. The left hypogastric nerve is identified through the retroperitoneal incision of the middle left ureter. The assistant swivels
the sigmoid colon to the left and follows the retroperitoneal incision at the base of the sigmoid colon. We prefer
to start this incision in the promontory. A break is made at
this level, and optionally, a 20cm long strip of gauze can be
folded around in order to help facilitate the rectosigmoid
traction performed by the assistant. Identification of the
right ureter is optional as it is far away from the dissection
field and requires attention towards the left and right hypogastric nerves that are 1-2cm laterally from the middle
of the sacral promontory.
By exposing the rectosigmoid, the right retroperitoneal incision continues expanding the initial gap up to the
origin of the upper rectal artery. It is preferable to dissect
the origin and the ligature of the inferior mesenteric artery after the emergence of the left colic artery and a possible sigmoid branch depending on the length of the proximal sigmoid colon that is about to perform an anastomosis (6). The inferior mesenteric vein is identified under
the left colic tributary laterally to the artery. The ligature
at this level of the artery and the vein are accomplished by
means of metal clips, but vascular staplers or inadvisable
LigaSure can also be used (Figures 3 and 4).
Ligature dissection at the origin of the inferior mesenteric artery is performed only if we cannot differently provide sufficient length of the proximal loop for an anastomosis without tension, being accompanied by the mobilization of the splenic flexure. Inferior mesenteric artery
ligature after left colic occurrence is considered to be
within oncological limits and provides protection against
the damage of the pre-aortic plexus (superior hypogastric plexus and hypogastric nerves’ origin).
We continue with mesosigmoid transection taking
care not to injure the marginal artery, the proximal segment length allowing the extraction of the specimen and
corresponding to a future anastomosis (Figure 5).
Splenic flexure mobilization
We usually divide the proximal segment in the middle
of the sigmoid colon which provides a suitable loop length
and an adequate vascularity. We are not followers of the
routine mobilization of the splenic flexure. We consider it
necessary when the loop length does not match and there
is a risk of anastomotic tension. An increased importance
is given to the proximal loop vasculature. Patient anatomy plays a decisive role in mobilizing the splenic flexure.
Splenic flexure mobilization can be performed from
the middle to the side, reverse or combined. When it is
necessary, the inferior mesenteric vein laterally to the duodenojejunal angle is identified and ligature with resection is being performed (by means of metal clips). The
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FIGURE 3. Ligature of the inferior mesenteric vein.

FIGURE 4. Ligature of the superior rectal artery at its origin.

FIGURE 5. Clipping the marginal arcade at the level of the
mesosigmoid.

FIGURE 6. The aspect of the pelvic region after the complete excision
of the mesorectum.

blunt dissection in the avascular plane is performed between the mesentery of the descending colon and the retroperitoneum, being careful not to damage the left ureter. We start taking out the omentum from the middle of
the transverse colon penetrating the omental bursa. We
prefer the gastrocolic ligament incision towards the left
side by means of LigaSure with the release of splenic flexure and bringing it towards the midline. Much attention
should be given to the splenic decapsulation and possible colic injuries.

Pelvic dissection
We start with the circular dissection of the peritoneum
in the back pouch of Douglas. Anteriorly, we cut the peritoneum 1-2cm from the rectouterine reflection in women
or rectovesical reflection in men. We begin with the blunt
posterior dissection in presacral avascular plane between
the mesorectum and the presacral fascia. Therefore, the
assistant displays the rectosigmoid in upper and anterior
position. The right and left hypogastric nerves are identified at this level, remaining attached to the presacral fascia, appearing as two sacral structures 1-2cm laterally
from the promontory and then diverging down and sideways. This dissection should have a posterior continuation until approximately 5cm below the tumor (considered to be the oncological limit of the mesorectal dissemination) or if the tumor is too low down to the levator ani
muscles. The dissection should be carefully done in this
plane (between the mesorectum and the presacral fascia)
to avoid the damage of the presacral venous plexus which
can result in significant and unmanageable bleeding.
The dissection continues towards the sides with rectal
fins dissection and ligature at this level as close as possible to the mesorectum (using LigaSure). Much attention
should be given at this stage to the risk of damage of the

internal iliac vein (rarely of the artery), which can result
in significant bleeding.
We continue the dissection in the anterior plane,
therefore the assistant exposes the rectum up and backwards, by means of a forceps, raising the uterus in women or the bladder in men. The dissection continues in a
plane close to the vagina in women or the seminal vesicles and prostate in men so that the Denonvillier’s fascia
remains attached to the resection piece (LigaSure dissection is useful at this level, avoiding the risk of bleeding).
The dissection should reach the level of the levator ani
muscles where the rectum is completely circular free and
the mesorectum will be completely enclosed in the resection piece (Figure 6). Attention must be paid to avoid lesion of the levator ani muscles at this level. Rectal transection is performed using articulating linear staples (generally 2) immediately above the floor formed by the levator ani muscles.
We practice a transverse incision of approximately
4cm in the right abdominal muscle sheath on the left side
where, under the protection of the wall (we use a craft
made endobag),

we extract the resection piece (Figure
7). We do not manufacture J pouch in the proximal loop
if the loop length allows us to place the anvil for a lateroterminal anastomosis with manual closure with separate
threads or distal end bursa (for a better vascularization).
After repositioning the pneumoperitoneum we practice a coloanal anastomosis using a 33-34mm circular stapler (anastomotic stenosis risk for smaller sizes) (Figure
8). Optional ileostomy or transverse colostomy is performed for protection. This practice is only considered
in cases of difficult dissection, poor vascularity, edematous proximal loop, tensioned anastomosis or positive
“air” proof. We also consider it optional to check the anastomotic patency by air insufflation of the transanal co-
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FIGURE 7. The resected specimen following laparoscopic rectal
excision.
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FIGURE 8. Colorectal anastomosis using a circular stapler.

CONCLUSIONS
The advantages of laparoscopic rectal surgery include

decreased postoperative pain, rapid resumption of bowel transit, early mobilization, fewer overall complications,
fewer days in hospital and rapid social reintegration, lack
of parietal complications and low adherence, and cosmetic effects. The most important though is the intended radical oncological character of laparoscopic surgery similar
to that of the classical surgery (7-11). In our opinion, laparoscopic rectal surgery should be carried out in a team
made of two surgeons with experience in laparoscopy.

1.

7.

lon and the introduction of saline into the pelvis for evidence of any possible fistula (“air” proof). Pelvic drainage is compulsory, including 1-2 drains for this purpose.
We dissolve ileostomy or transversostomy for protection
6 weeks after surgery after a prior radiographic examination.
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Summary
Purpose: This study was carried out to compare the therapeutic outcomes and complications of the laparoscopic and
the conventional open surgery technique used for treating
rectal cancer. Another goal was to find the fastest and most
accurate method of treatment for rectal cancer, along with establishing the advantages and disadvantages of the two surgical techniques, depending on cancer location and its stage.
Methods: A total of 172 patients diagnosed with rectal
cancer and hospitalized in the Department of Surgery III
between January 1st 2008 and December 31st 2011 were
studied. The laparoscopic approach was performed on 29
(16.8%) patients, and the remaining 143 (83.2%) underwent
the conventional Miles/Lloyd-Davies abdominoperineal resection. A longitudinal study was conducted on patients
with rectal resection, the used data being obtained from the
database of the Department of Surgery III, hospital records,
protocols and clinical charts of rectal cancer cases.
Results: There were no statistically significant differences

regarding symptoms, gender, age, body mass index (BMI),
tumor site, TNM stage, intraoperative accidents, operative
time, and postoperative mortality between the two groups.
The laparoscopic group presented advantages regarding
antibiotic and analgesic therapy, early mobilization, hospital stay, intraoperative blood loss, resuming oral nutrition,
bowel transit resumption, postoperative complications and
wound complications.
Conclusion: Laparoscopic abdominoperineal resection for
rectal cancer is feasible, safe and effective. It can be safely performed by an experienced team, reducing the rate of
postoperative complications, the need for blood transfusions, the adminstration of antibiotics and painkillers, allowing faster bowel transit resumption, shortening hospital
stay and providing superior aesthetic results.
Key words: complications, laparoscopic resection, rectal
cancer, safety

Introduction
The third most common cancer in both females and males is rectal cancer. The American
Cancer Society has estimated 39,610 new cases
in 2015. The incidence, as well as mortality rates,
have been decreasing in the last several decades,
from 66.3 per 100,000 population in 1985 to 45.5
in 2006 because of implementation of screening

programs [1].
A multidisciplinary approach that includes
rectal surgery, systemic therapy, and radiation
therapy is required for optimal outcome of patients with rectal cancer. The timing of surgical
resection is dependent on the size, location, extent, and grade of the rectal carcinoma.
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Table 1. Symptom distribution in the two groups
Symptoms

Alternating diarrhea - constipation
Tumor formation
Weight loss

Conventional group
N=143

Laproscopic group
N=27

p value

N

%

N

%

25

17.5

9

31.03

0.095

7

4.9

1

3.45

1.000

18

12.58

4

Occlusion

7

4.9

1

3.45

1.000

Asthenia

15

10.48

2

6.9

0.741

Loss of appetite

16

11.18

2

6.9

0.741

Blood in the stool

22

15.38

5

17.25

0.802

Tenesmus

18

12.58

2

6.9

0.533

Pain

15

10.48

3

10.35

1.000

Although radical resection of the rectum is
the mainstay of therapy, surgery alone has high
recurrence rates (30-50%). Preoperative radiation
therapy has many potential advantages, including
tumor downstaging, increase in resectability and
decreased tumor viability, which may decrease
the risk of local recurrence. In a study of patients
with locally advanced rectal cancer, a higher dose
of radiation delivered using an endorectal boost
achieved a major response in T3 tumors by 50%
without increasing surgical complications or
toxicity [2]. High-risk patients, including those
with poorly differentiated tumors and those with
lymphovascular invasion, should be considered
for adjuvant chemotherapy. The National Comprehensive Cancer Network (NCCN) guidelines
recommend combination therapy with infusional
fluorouracil, folinic acid and oxaliplatin or with
capecitabine and oxaliplatin as a reasonable treatment approach for patients with high- or intermediate-risk stage II disease [3].
The purpose of this study was to analyze both
the laparoscopic and the conventional surgical
technique used for treating rectal cancer and to
evaluate the frequency of possible complications
of the two surgical approaches. More importantly,
this study aimed at finding the fastest and most
beneficial method of treatment for rectal cancer,
along with the advantages and disadvantages of
the previously mentioned surgical techniques, depending on cancer location and its stage.

Methods
A total of 172 patients diagnosed with rectal cancer and hospitalized in the Third Surgical Clinic, between January 1st 2008 and December 31st 2011 were
studied. The laparoscopic approach was performed on
JBUON 2015; 20(6): 1448

13.8

0.769

29 of these patients, and the remaining 143 underwent
the conventional Miles / Lloyd-Davies abdominoperineal resection.
A longitudinal study was conducted on patients
with rectal resection, the used data being obtained
from the database of the Department of Surgery III,
hospital records, protocols and clinical charts of rectal
cancer cases.
The following parameters we assessed:
Gender, age and BMI;
Clinical symptoms and symptom onset (in months);
Tumor properties, such as location, diameter and
distance from the anal verge (AV);
TNM stage;
Perineural invasion and inflammatory infiltrates;
Intraoperative accidents;
Postoperative complications;
Medication (antibiotics and analgesics administration);
Serum CEA levels;
Resumption of bowel transit and food ingestion,
duration of operative time, blood loss and transfusion requirements, early mobilization, and length
of hospital stay.
The 172 cases were divided into two groups:
Group A: 143 patients who underwent conventional abdominoperineal resection (96 males and 47
females).
Group B: 29 patients who underwent laparoscopic
resection (21 males and 8 females).
Stage definition was based on preoperative clinical examination, imaging results, intraoperative macroscopic findings and intraoperative histopathological
findings.
The surgical treatment consisted of rectal resection, either via conventional abdominoperineal
approach or via laparoscopy, and the postoperative

Laparoscopic vs open resection of rectal cancer
evolution of the cases was assessed according to the
occurrence of complications, early mobilization, feeding resumption and hospital stay.
Statistics
The Epi Info computer package, version 3.3.2, was
used for statistical analyses. Comparative analyses
of continuous variables were performed by means of
ANOVA test, Wilcoxon test, and x2 test was used for
categorical type data. Student’s t-test and Fisher’s exact test were also used for analyzing nominal data. The
chosen statistical significance level was p<0.05.

Results
The incidence of rectal cancer was highest
in the 60-70 years age group (36.36% in the conventional approach, 27.58% in the laparoscopic
approach) and lowest in the under 40 years age
group (5.6 vs 10.35%, respectively). There was
a decreasing incidence after 80 years, without
reaching statistical significance (p=0.091).
Clinical symptoms were: alternating diarrhea-constipation (17.5 vs 31.03%), weight loss
(12.58 vs 13.8%), and rectal bleeding (15.38 vs
17.25%) in the conventional and laparoscopic
groups (Table 1).
Gender distribution was homogeneous between the two groups (p=0.66). The majority of
patients were men (conventional group 67.13%,
laparoscopic group 72.41%).
Symptom onset was similar in the 2 groups
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(p=0.844). However, we noticed a higher frequency for 1-3 months symptom onset in the conventional group (Table 2).
Regarding tumor location, in a high number
of cases it was in the lower third of the rectum
(113 cases/79.5% for the conventional group vs
22 cases/75.8% for the laparoscopic group), followed by the middle third (19 cases/13.2% vs 4
cases/13.7%). Also, in 6 cases the tumor was located in the anal canal in the conventional group
and in 3 cases in the laparoscopic group (Table 3).
Most intraoperative accidents occurred during the conventional approach, with 7 cases of
intra-peritoneal hemorrhage (important vascular trunks lesions) and 2 right ureteral injuries
that required stitches. During the laparoscopic
approach, only one case required conversion to
conventional approach due to bleeding from the
middle rectal artery (Table 3).
Regarding TNM stage the groups were highly
similar (p=0.769). Stage III had the highest incidence in both groups (38.46% for the conventional
group vs 41.37% for the laparoscopic group), followed by stage I (30 vs 20.68%), stage II (25.17 vs
31%) and stage IV (6.29 vs 6.89%) in the conventional and the laparoscopic groups respectively.
The presence of inflammatory infiltrates was
similar in the two groups (p=0.096). Perineural
invasion was higher in the conventional group
reaching almost statistical significance (p=0.055;
Table 3).

Table 2. Comparison of clinical characteristics between the two groups
Characteristics

Conventional group

Laproscopic group
N

p value

N

%

%

Male

96

67.1

21

72.4

Female

47

32.9

8

27.6

<50

34

23.78

9

31.04

50 – 70

91

63.63

15

51.72

>70

18

12.58

5

17.24

Uncertain

35

24.4

7

20.3

0–6

79

55.2

15

51.7

7 – 12

21

14.6

6

20.6

8

5.6

1

3.4

Normal weight

87

60.8

14

48.2

Overweight

33

23.07

11

37.9

Obesity grade I – III

23

16.08

4

13.8

Gender
0.666

Age (years)
0.091

Symptom onset (months)

>12

0.844

Body mass index
0.017
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Table 3. Comparison of tumor characteristics, histopathological findings, and postoperative findings between
the two groups
Characteristics

Conventional group

Laparoscopic group

N

%

N

%

6

4.2

3

10.3

113

79.02

22

75.8

Rectum – middle third

19

13.2

4

13.7

Rectum – upper third

5

3.5

0

Intraoperative accidents

9

6.3

2

6.9

6

20.68

p value

Tumor site
Anal canal
Rectum – lower third

0.425

1.000

TNM stage
I

43

30

II

36

25.1

9

31.03

III

55

38.4

12

41.37

IV

9

2

6.9

Presence of inflammatory infiltrates

34

23.8

6

15.4

0.096

Presence of perineural invasion

29

20.3

6

15.4

0.055

Patients requiring intraoperative transfusion

18

12.6

2

Postoperative complications

48

33.6

5

12.8

Wound complications

29

20.3

0

0

Postoperative deaths

5

3.5

0

0

0.527

Antibiotic therapy > 3 days

86

60.84

6

20.7

<0.001

Analgesic therapy > 3 doses

89

62.43

6

20.68

Early mobilization

28

19.58

20

68.9

0.017

Hospital stay > 6 days

61

42.65

7

24.1

<0.001

Tumor diameter was lower in the laparoscopic group (4.00±1.93 vs 5.00±1.61), but without
reaching statistical significance (p=0.052).
The distance of the tumor from the anal
verge was also smaller in the laparoscopic group
(4.90±3.44 vs 5.00±2.64), but again without statistical significance (p=0.062).
The preoperative levels of serum CEA were higher in the conventional surgery group (2.05±3.62
vs 1.45±0.07), still without statistical significance
(p=0.074).
Intraoperative blood loss was much lower in the laparoscopic group (220±104.38 vs
364.85±223.78 mL), the difference between the two
groups being statistically significant (p<0.001).
Also, the number of patients who required intraoperative transfusion was lower in the laparoscopic group (3.45 vs 12.6% ; p=0.128).
Both types of surgery required an operating
JBUON 2015; 20(6): 1450

6.29

0.769

3.45

0.057
0.0004
0.00026

<0.001

time of about 3 hours (179.20±46.32 min for the
laparoscopic group, and 176.00±56.14 min for
the conventional group), the duration of the laparoscopic approach depending exclusively on the
surgeon’s abilities and experience.
Postoperative complications were significantly higher in the group of patients undergoing
conventional surgery (33.56 vs 12.8%; p=0.0004).
In these cases, the most common complications
were wound suppuration/seroma (26 cases) and
cardiorespiratory failure (11 cases). In the laparoscopic group, there were only 5 early postoperative complications: 2 cases of urinary retention, 1
case of cardiorespiratory failure, 1 pelvic abscess
which was drained laparoscopically, and 1 case of
repeat postoperative bowel obstruction (postoperative adhesions, surgical drain volvulus), which
required other conventional surgical procedure
for restoration.

Laparoscopic vs open resection of rectal cancer

Wound complications (wound suppuration/
seroma, eviscerations) were much higher and statistically significant (p=0.00026) in the conventional surgery group (20.3 vs 0%).
Resuming normal food ingestion was another important parameter. The number of days until this was possible was significantly higher in
the conventional surgery group (2.63±0.96 days
for the conventional approach vs 2.00±0.65 days
for the laparoscopic approach; p<0.001). The time
until bowel transit was resumed was significantly
shorter in the laparoscopic group (1.92±0.38 days
vs 2.45±0.16 days; p<0.001).
When referring to medication, antibiotics
were administered to most patients after both
types of surgery. When assessing the administration of antibiotics for more than 3 days the results
proved that the conventional surgery group had
significantly higher need for a longer duration of
therapy (60.84 vs 20.7%; p<0.001).
Postoperative pain relief was accomplished by using nonsteroidal anti-inflammatory drugs (NSAIDs).
NSAIDs were initially administered every 8 hrs (3
doses/24 hrs) and afterwards only by request. The
number of patients who required more than 3 analgesic doses was significantly lower in the laparoscopic group (20.68 vs 62.43% ; p<0.001).
The time interval for early patient mobilization (first day after surgery) was significantly
lower in the laparoscopic group (68.9 vs 19.58;
p=0.0002).
The total length of hospital stay was significantly lower in the laparoscopic group (8.05±0.91
days vs 6.32±0.45 days; p<0.001). The number of
patients who required more than 6 days of hospital stay was also significantly lower in this group
(24.1 vs 42.65%; p<0.001; Table 4).
Finally, 5 deaths (3.5%) were reported during
hospital stay, all within the conventional group
and with no statistically significant difference between the two groups (p=0.591).
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Discussion
Even though it eliminates the risk of postoperative anastomotic fistula, the conventional open
approach used in abdominoperineal rectal resection is followed by a high morbidity rate. The
presence of complications, especially their high
frequency of occurrence, is the reason why both
patients and surgeons are willing to try new techniques and treatment methods, hoping they would
attain the most promising results. The technical
development and the surgeons’ increasing experience in laparoscopy and oncology have allowed
the successful use of the laparoscopic approach
in treating digestive disorders, particularly in the
last decade. Since tumor is manipulated by the
surgeon only during perineal dissection, some authors have suggested that perineal time should be
the predominant time used during abdominoperineal resection and laparoscopic dissection to be
used to a minimum. Further proof overcame these
concepts, clearly demonstrating that the laparoscopic approach allows an adequate, thorough and
safe pelvic dissection [1-3].
Abdominoperineal resection of the rectum
by means of laparoscopy provides a pelvic dissection, a total mesorectal excision (TME) with
safety radial margins, a locoregional lymph node
dissection at high standards which are at least as
good as the open surgery [2,4]. Decanini et al. [5]
have described rectal resection by means of laparoscopic “no-touch” oncological approach on a
ghastly pattern since 1994.
Simon and colleagues [6] published the first
randomized trial in 2008, including 99 patients
with lower rectal cancer, and proved the superiority of the laparoscopic approach regarding the
quicker bowel transit resumption, the faster social integration and the need of less postoperative
analgesics; 5-year overall and disease-free survival were similar in both groups. The same results

Table 4. Comparison of intraoperative data and postoperative evolution between the two groups
Parameters

Conventional group
(mean+SD)

Laparoscopic group (mean
group+SD)

p value

Tumor diameter (cm)

5.00 ± 1.61

4.00 ± 1.93

0.052

Distance from anal verge (cm)

5.00 ± 2.64

4.90 ± 3.44

0.062

Serum CEA levels (ng/ml)

2.05 ± 3.62

1.45 ± 0.07

0.074

Intraoperative blood loss (ml)

220 ± 104.38

<0.001

Resuming nutrition by mouth (days)

364.85 ± 223.78
2.63 ± 0.96

2.00 ± 0.65

<0.001

Bowel transit resumption (days)

2.45 ± 0.16

1.92 ± 0.38

<0.001

Hospital stay (days)

8.05 ± 0.91

6.32 ± 0.45

<0.001

Intraoperative accidents

9

1

1.000
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were obtained by other authors in randomized but
small-sized trials [7].
Since the screen image is transmitted in
high-definition and, moreover, it is magnified 2-3
times, the ability to identify and protect any noble
element from the surgical field grows exponentially; thus, the risk of surgical incidents or accidents of this kind is small [2-4,8]. In this study, the
laparoscopic approach did not report intraoperative incidents / accidents.
Laparoscopic surgery in rectal cancer has
some disadvantages. The main drawbacks are the
relatively difficult learning curve and the lack of
tactile sensation when examining the mesorectum and the pelvic organs; both could be overcome through persistence [3,4]. Comparing the
two techniques in a randomized clinical trial on
40 patients, Gonzales et al. [9] reported postoperative results inferior to those obtained by the conventional technique after the first 20 laparoscopic
surgical interventions, and some authors consider
11-15 operations as being enough to comfortably
perform this procedure [2].
The critics of the laparoscopic approach
blamed the method for the presence of recurrent
tumors in the trocars’ implantation sites. Multicenter randomized studies, with a follow-up of at
least three years, have shown that the occurrence
of metastases at the trocars’ implantation site is a
sporadic accident occurring with similar frequency as relapse in laparotomy for conventional approaches, and long-term results obtained by laparoscopy are similar to those obtained by the open
technique [3,4,6,9-12].
Despite the undeniable advantages, the laparoscopic approach in abdominoperineal rectal
resection is not widely used as a routine practice,
due to both the higher cost and the technical difficulties resulting in an increased intervention
time. In institutions where the minimally invasive approach in rectal resection is widely practised it has long been observed that the operating
time has significantly decreased as the surgeons
got more experienced [13].
There are also many authors who note that
the operating time of the surgery is similar for
both approaches [14] or even shorter during the
laparoscopic approach [15]. The fact that the laparoscopic approach can be performed by a mixed
team must also be considered (Lloyd-Davies
method). In this study, the average operating time
was about 180 min, largely depending on the
surgeon’s experience (first interventions lasted
longer); increased experience resulted in a shorter
JBUON 2015; 20(6): 1452

operating time.
Intraoperative blood loss is an inevitable
occurrence, especially for serious or technically
difficult interventions. As demonstrated in our
study, rectal resection by means of laparoscopy
was associated with lower intraoperative blood
loss which generated less blood or red blood cell
transfusion requirements, decreasing the risk of
postoperative complications and postoperative
mortality. This ensures (at least theoretically) a
better immune response for patients undergoing
the minimally invasive approach, making them
less susceptible to tumor recurrence or dissemination [15,16]. Similar results have been reported
by other studies (3,17-19), although other studies
could not prove statistically significant differences between the two types of approach used in abdominoperineal rectal resection [6].
Early bowel transit resumption and decreased
pain medication requirements are among the
proven advantages of the laparoscopic approach.
Our results showed that patients undergoing abdominoperineal rectal resection by means of laparoscopy resumed bowel transit and peristalsis
faster and the need for analgesics was lower compared with the conventional approach. Similar results were reported by other authors [20,21].
All literature data published in the last decade confirm that the laparoscopic approach is safe
and effective for most of the patients [9,10]. Most
studies published in Western literature show that
the laparoscopic approach reduces overall morbidity [22,23], although there are studies noting
no significant difference between the two types of
surgical approach [13]. There are studies aiming
at identifying risk factors for developing postoperative complications in patients who underwent
laparoscopic rectal resection. Stewart et al. [14]
have shown, through multivariate analysis, that
smoking, personal history of cerebrovascular accident and loss >10% of body weight are risk factors associated with postoperative complications
for conventional rectal resection, while for the
laparoscopic approach, the only risk factor associated with postoperative complications was high
blood pressure and neoadjuvant radiation therapy.
Perineal wound management, neoadjuvant
radiotherapy, presence of colorectal inflammatory
diseases, intraoperative blood loss, obesity, diabetes and smoking influence perineal wound healing,
being considered by some authors as risk factors
for the occurrence of perineal complications [2428], while other studies did not consider smoking,
diabetes or advanced age as risk factors [29].
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In this study, the incidence of wound suppurations for the two types of approaches was similar, which is somewhat logical, as perineal wound
management was similar in both groups. Most
patients from the minimally invasive approach
group who had long hospital stay accused perineal wound complications, also noted by other
authors [6,14]. On the other hand, there are studies considering that the laparoscopic approach
reduces the incidence of perineal abscesses [15],
and there are authors believing that minimally invasive approach increases the incidence of these
complications [30].
Rectal surgery involves an increased risk of
lower urinary tract infections [31-33]. Generally,
these are secondary to incomplete bladder evacuation during micturition with the occurrence of
stasis and infection. The sympathetic denervation,
secondary to hypogastric plexus injuries, causes urinary incontinence, the patient becoming a
chronic bearer of catheter. From this point of view,
the laparoscopic approach should provide a significant advantage by reducing these complications
as it provides a secure pelvic dissection, avoiding nerve damage and ensuring a faster catheter
removal. Most studies show a slight decrease in
the frequency of urinary infections, but without
reaching the statistical threshold [6,14,15].
Sexual dysfunctions secondary to abdominoperineal rectal resection are a thorny problem
for the surgeon, but especially for the patient.
Maintaining the integrity of the autonomous
nerve plexus is a prerequisite for the integrity of
the sexual function [34,35]. This paper could not
determine the frequency of postoperative sexual
dysfunctions and retrograde ejaculation or impotence, although most studies cite ranges between
33 and 95% [36,37], depending on the surgical
technique used, the thoroughness of nerve dissection and the association with radiotherapy. However, recent data are more optimistic. Most sexual
dysfunctions decrease in intensity postoperatively and then, the downward trend to recovery stagnates. Patients receiving adjuvant chemotherapy
have a 1.8-fold higher risk of developing sexual
dysfunctions as compared with those without adjuvant treatment [38]. External pelvic irradiation
reduces sexual activity from 71% before the procedure to 56% after radiotherapy [39]. Laparoscopic surgery allows a better preservation of nerve
structures and, consequently, a higher postoperative sexual function. In a recent study, Liang et al.
[40] showed that the laparoscopic approach allows
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high nerve preservation even in patients who had
undergone neoadjuvant radiotherapy, with sexual
function remaining good in 65% of the cases and
retrograde ejaculation being present in only 25%
of the patients.
Most studies do not report deaths in patients
operated by means of laparoscopic approach
[30,41,42] or they don’t reveal significant mortality differences between the two surgical approaches [6,43].
Since the laparoscopic results in faster resumption of bowel transit and nutrition and an
early active mobilization, most authors indicate a
lower average length of hospital stay for patients
undergoing the minimally invasive approach.
Stewart and colleagues [14] reported an average
hospitalization of 10.3±7.7 days for the conventional approach group, and 8.1±10.9 days for the minimally invasive approach group. Fleshman and colleagues [30] reported an average length of hospital
stay of 7 days for the laparoscopic approach compared with 12 days for the conventional surgery. In
our study, the average length of hospital stay was
significantly lower in the group of patients undergoing the minimally invasive approach.

Conclusions
Laparoscopic-assisted abdominoperineal resection in rectal cancer is feasible, safe and effective. It can safely be performed by an experienced
team, reducing the rate of postoperative complications, the need for blood transfusions, the administration of antibiotics and painkillers, allowing
faster bowel transit resumption, shortening hospital stay and providing superior aesthetic results.
In addition to patient benefits (reduced morbidity and mortality), the laparoscopic approach
also provides advantages for the surgeon: easy to
view the pudendal plexus, easy dissection in the
pelvic area, absence of parietal complications and
low postoperative adhesions.
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Abstract
The mean age of colorectal cancer in untreated familial adenomatous polyposis (FAP) is 39 years. We present
the case of a 21-year-old patient with FAP and colorectal cancer. The patient was detected with significant
family history: her mother died at age 45 with colon cancer; two uncles were diagnosed with colon cancer
at the age of 40 and 43 and one aunt at the age of 45 with colon cancer and gastric cancer. The treatment
was laparoscopic restorative proctocolectomy with total excision of the mesorectum and ileal pouch anal
anastomosis completed with endoanal excision of inferior rectal polyps. The histopathological report described
a well differentiated rectal adenocarcinoma T1N1aMx developed on a tubulo-villous adenoma located on
the rectosigmoid jonction, the rest of the polyps with benign histology.
Key words: familial adenomatous polyposis – laparoscopic proctocolectomy – malignant polyposis – J pouch.

Introduction
Familial adenomatous
polyposis (FAP) is an inherited
colorectal cancer (CRC)
syndrome, characterized by
the early onset of hundreds
to thousands of adenomatous
polyps in the colon and rectum.
The lifetime risk of CRC in FAP
syndrome is 100%. Colorectal
cancer can be prevented by
the identification of the high
risk population and by the
timely implementation of rigid
screening programs [1, 2]. The
disease occurs in about 1/10,000
to 1/30,000 individuals and
accounts for less than 1 percent of
all CRCs in the United States [3].
Fa m i l i a l a d e n o m at o u s
polyposis is a troublesome
autosomal dominant disease
that evolves quietly until clinical
manifestations appear. Polyps
develop beginning with puberty
and gradually increase in growth
until the whole colon is involved
in adulthood [4].

Open restorative proctocolectomy with ileal pouch anal
anastomosis (IPAA) can be performed in young patients with
an acceptable functional outcome, but at the cost of relatively
high complication rates, poor body image and cosmetics, and
a high rate of sexual dysfunction in women. Because young
patients undergoing this surgical procedure may experience
negative long-term effects, surgeons should be aware of all
potential consequences [5].
Long-term results after laparoscopic IPAA have been
thoroughly evaluated. Laparoscopic IPAA confers excellent
functional results with faster return of flatus, faster assumption
of a liquid diet, and less blood loss [6].

Case report
A 21-year-old female patient was admitted in our clinic
with bloody diarrhea, flatulence, anorexia, which began one
month before and weight loss 10 kilos in the last 3 months. The
patient had a substantial family history of CRC. Her mother
died at age 45, two uncles were diagnosed with colon cancer at
the age of 40 and 43, one aunt was diagnosed at the age 45 with
colon cancer and gastric cancer. At clinical examination we
found skin pallor and diffuse abdominal pain on palpation. The
rectal examination revealed 4 polyps with 5-10 mm diameter
in the anal canal.
Laboratory analysis confirmed the presence of anemia
(hemoglobin 9.9 g/dL). The colonoscopy revealed hundreds
of sessile polyps with a diameter of 10-20 mm in the colon,
caecum, rectum and at gastroscopy numerous gastric polyps
J Gastrointestin Liver Dis, December 2014 Vol. 23 No 4: 445-448
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with a diameter of 8-9 mm were found. The case was interpreted
as FAP and gastric polyps. Based on the colonoscopy aspect,
malignancy was suspected. The genetic testing was not
available at that moment in our clinic. We performed pelvic
and abdominal CT to exclude metastasis. The pre-operative
preparation of the patient consisted of enteral nutrition for
five weeks, parenteral nutrition for one week and intravenous
antibiotic treatment for one day. The treatment consisted of
laparoscopic restorative proctocolectomy with total excision of
the mesorectum and IPAA completed with endoanal excision
of inferior rectal polyps.
The postoperative course was favorable, with resumption
of the bowel transit and the peritoneal drains were removed
on the third and fourth postoperative day. The preoperative
antibiotic treatment was stopped on the fourth day, the patient
being discharged on day 20 after surgery, having 6-7 continent
stools / 24 hours. The morphopathological examination
diagnosed a well-differentiated rectal adenocarcinoma T1N1a
(Figs. 1, 2) developed in a tubulo-villous adenoma located at
the rectosigmoid junction (Fig. 3). The rest of the polyps were
without dysplasia. The patient followed chemotherapy: 5 cycles
of 5-fluorouracil and oxaliplatin.
She presented for endoscopic asessment (gastroscopy,
rectoscopy and endoscopic videocapsule) at 10 months after
surgery. Examinations highlighted 10-15 hyperplastic gastric
polyps with a diameter of 8-10 mm and 4-5 tubular adenomas
in the rectum, with a diameter of 5-6 mm. Videocapsule

Fig. 1. Tubulo-villous adenoma showing foci of invasive
adenocarcinoma invading submucosa (H&E x40).

Fig. 2. Lymph node showing microscopic subcapsular
foci of metastatic adenocarcinoma (H&E x40).
J Gastrointestin Liver Dis, December 2014 Vol. 23 No 4: 445-448

Fig. 3. Adenocarcinoma developed on a tubulo-villous
adenoma located at the rectosigmoid junction (surgical
specimen).

endoscopy did not reveal pathological lesions. The patient was
scheduled for endoscopy re-assessment after 1 year.

Discussion
The classic form of FAP typically develops in the second
or third decade of life. The mean age of polyp emergence is 16
years, but polyp onset has been noted in patients between the
ages of 8 to 34 [7].
The increased risk of CRC in FAP is due to the vast number
of adenomas that occur at an early age; over time, one or
more of these adenomas invariably progress to CRC. Familial
adenomatous polyposis is a disease of young adulthood and it
can be observed before 10 years of age. Screening of clinically
asymptomatic relatives thus generally starts during the teenage
years. A review of 30 children with FAP and early polyp onset
showed that the disease can occur in 5-year-old patients.
Patients with FAP should undergo very early endoscopic
surveillance. Because of the high risk of cancer in classical
FAP, total colectomy is recommended if accepted after the age
of puberty [8]. A review of 12 patients with FAP with the age
at presentation of 7 up to 18 years showed that in one patient
rectal cancer in situ was identified and a high proportion of
patients had duodenal adenomatous lesions [9].
A variety of factors, including APC genotype, environmental
factors, and the effect of modifier genes influence the variability
of adenoma and CRC in FAP and partially explain CRC
development before the age of 20. Reports from Denmark,
Japan and Germany involving 2,505 FAP patients show an
incidence of CRC already in early childhood, with a cumulative
CRC risk exceeding 1% by 20 years of age [10, 11].
In individuals with 10 to 20 adenomas in their lifetime,
the genetic testing for FAP should be considered [12]. A
positive test result allows optimal surveillance and prophylactic
surgery [5]. There is consensus that genetic testing in FAP
is indicated when there is direct medical benefit. Therefore,
when manifestations occur at pediatric age and when proven
prevention strategies are in place, genetic testing for FAP in
minors should be considered [13].
Patients with APC mutation are recommended to adhere to
colonoscopic screening from the age of 10–12 years. Genetic
testing is considered relatively uncontroversial because such

Malignant FAP treated by laparoscopic colectomy

tests escape the potential for psychosocial harm, and because
concerns about possible harm are overridden by the medical
benefit conferred by the test [14].
The experience in laparoscopic bowel surgery has
gradually increased since the introduction of laparoscopic
procedures in colorectal surgery. Improved laparoscopic
skills and new instruments have led to broad application in
benign and malignant diseases [15]. Laparoscopic restorative
proctocolectomy with IPAA is carried out in major surgical
centers for elective surgery for FAP. Short and long-term results
are comparable to open surgery. Proctocolectomy with IPAA
is the preferred surgical option for the treatment of FAP. Low
morbidity rates, good functional outcome and quality of life
have been reported with open surgery [16].
Laparoscopic surgery could be an important step in FAP
treatment. The high feasibility of laparoscopic colectomy for
the prophylactic treatment of FAP has been demonstrated.
The appeal of laparoscopic surgery could enable surgical
intervention at an earlier age and lower the risk of carcinoma in
patients who undergo FAP surgery [17]. The results of a study
including 433 patients with a mean age of 18.04 ± 2.9 years with
restorative proctocolectomy IPAA in a high volume center and
increased experience with open surgery suggest that IPAA is
feasible and safe in the pediatric age group and is associated
with acceptable long-term outcomes [17].
Monitoring of the remaining rectum or pouch continue for
the rest of the patient’s life after the colon has been removed,
because polyps will continue to form in the anal canal or the
pouch after surgery [18]. Lifetime surveillance of the rectal
stump is crucial, as shown by many authors [19]. Our patient
presents gastric polyps, and their supervision by endoscopy
and biopsy should be performed annually. Polyps occur in the
upper gastrointestinal tract in 30 to 100% of patients with FAP
[20]. Fundic gland polyps are found in most patients with FAP
[21]. Dysplasia occurs in nearly half of the fundic gland polyps,
although they rarely progress to carcinoma [22].
Our patient was re-assessed at 10 months after surgery,
having a number of continent stools of 3/24 hours. Results
using a Short Form 36 Health Survey showed that more than
7 bowel movements during the daytime and 2 defecations
reduce significantly the quality of life of these patients [23].
Our patient qualified for adjuvant chemotherapy because
she had stage III (node-positive) CRC. Patients with resected
CRC stage III (T1 to T4, N1-N2) or stage II/III rectal cancers
(T3 or T4, N0-2) are at significant risk of local and distant
failure. To reduce this risk, adjuvant therapy has been the
standard of care for both cancer populations since 2005. The
optimal regimen is oxaliplatin-5FU or -capecitabine, based on
relevant clinical factors [24]. The introduction of new cytotoxic
agents represents an important progress, but recurrence rate
for patients with resected stage II/III disease remains higher
than 20%. Oxaliplatine is now considered the standard of care
in node-positive colon cancer [25].

Conclusion
As far as we know, this is the first case reported in Romania
of a laparoscopic total proctocolectomy with ileal pouch anal
anastomosis and total mesorectal excision for malignant
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familial adenomatous polyposis. Proctocolectomy with IPAA is
one of the most extensive colorectal procedures and performing
such an operation laparoscopically is even more demanding.
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Abstract
Background & Aims: Worldwide, colorectal cancer (CRC) is the third most common cancer in men and second
in women. The aim of the current study was to identify whether the miR-375 is indeed down-regulated in
metastatic CRC and if it could be considered as a potential minimally invasive prognostic biomarker for CRC.
Methods. Exosomes were isolated and characterized from patients with liver metastasis from CCR. The
characterization of exosome was performed using TEM/SEM. HCT116 cells were treated with miR-375 mimic,
NSM and miR-375 inhibitor. Functional assays included cell counting assay for 14 days, Matrigel invasion
assay, apoptosis assay by flow cytometry using Annexin V-FITC, RT-PCR and Western blotting.
Results. Increased proliferation potential was proven for the cells transfected with miR-375 inhibitor, while the
miR-375 mimic decreased the cell number. The cells transfected with the miR-375 inhibitor are aggressive and
cross the membrane; 3.84% of the cells transfected with the miR-375 inhibitor entered apoptosis, while 6.45%
of those transfected with the non-specific mimic were in programmed cell death, less than those transfected
with the microRNA. RT-PCR for Bcl-2 expression showed that Bcl-2 is down-regulated for miR-375 inhibitor
and up-regulated for the miR-375 mimic, a result confirmed by Western blotting.
Conclusion. The present study brings to the forefront new data that suggest miR-375 as a new player in
controlling the pathways responsible for inhibiting the natural history of CRC tumor cells, via the Bcl-2 pathway.
Key words: microRNA-375, colon cancer, BCL-2 pathway, biomarkers.
Abbreviations: APC: adenomatous polyposis coli; CRC: colorectal cancer; EGFR: epidermal growth factor
receptor; ERB: Erythroblastic Leukemia Viral Oncogene Homolog; FITC: Fluorescein isothiocyanate; MAPK:
mitogen-activated protein-kinase; miR: microRNA; mTOR: mammalian target of rapamycin; NSM: non specific
mimic; qRT-PCR: quantitative real time polymerase chain reaction; SEM: scanning electron microscopy;
TEM: transmission electron microscopy; TGF-beta: transforming growth factor beta.

INTRODUCTION
Worldwide, colorectal cancer
(CRC) is the third most common
cancer in men and second in
women. In 2008, approximately
600,000 deaths (8%, third most
diagnosed cancer) were related
to CRC of all cancer deaths [1].
Understanding the molecular
mechanisms that govern tumor
g row t h and me t a st a s i s i s
imperative for individualized
medicine as well as for future
treatment developments.
Molecular analysis has enabled

the development of diagnostic and therapeutic tools that
offer the possibility of individual tailored medicine that
previously has been unavailable [2, 3]. There is increasing
evidence for the fact that a class of small non-coding RNAs,
called microRNAs (microRNAs, 18–25 nucleotides in length,
endogenously expressed, with post-transcriptional geneexpression regulation activity by binding to 3᾿ untranslated
region - 3᾿UTR, circulating via exosomes) could be key
regulators for different basic biological processes (including
tumor initiation and progression via alterations in the
development, cellular differentiation, proliferation, and
apoptosis processes) by tightly regulating gene expression [46]. To the present day, multiple studies have concluded that
microRNAs can have also a tumor suppressor role as they can
function as oncogenes [4-6, 14]. Different cancer pathologies
show unique miRNA signatures: however, the prognostic value
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of microRNAs in metastatic cancers has just been started to
be investigated [7, 8]. The number of verified microRNAs is
constantly growing; recent studies have focused upon the value
of microRNAs especially in metastatic colon and rectal cancers.
By understanding the molecular and genetic mechanisms by
which a carcinoma in situ is able to invade through the basal
membrane, grow and even disseminate in distant organs
evading the host immune system and exogenous systemic
chemotherapy, healthcare providers can develop valuable and
applicable future treatments for CRC. The epigenetic events
that correlate with a positive feed-back between a cancer cell
and the surrounding fibrous tissue may hold the key answer
for many questions regarding early detection and improved
management for CRC [8]. Exosomes are considered to be miRcarriers as they offer increased stability for cell-free microRNAs
in various bodily fluids and thus enable these nucleic acids
to be efficient biomarkers for the non-invasive diagnosis
and prognosis of CRC. From the management, follow-up
and prognosis point of view cancers of the colon and rectum
should be distinguished one from the other and considered
two different entities.
In a recent study, Gaedcke et al. [7] have identified at least
49 distinct microRNA significantly expressed profiles in rectal
cancer, out of which 28 were already described for colon cancer
[9]. MiR-21, miR-31, miR-135b, miR-223 (expressed both in
colon and rectal cancer) were found to be all up-regulated,
whereas miR-195, miR-378, miR-192–194–215, miR-143–145,
miR-1, and members of the miR-30 and let-7 family (both
for colon and rectum) were all down-regulated. Therefore,
the afore mentioned study concludes that the remaining 21
miRs could consist of rectal-cancer-specific molecular profiles
(miR-492, miR-542-5p, miR-584, miR-483-5p, miR-144,
miR-2110, miR-652, and the C/D box snoRNA, SNORD12B
– up-regulated, MiR-375, miR-147b, miR-148a, miR-190,
miR-26a/b, miR-29c, and miR-338-3p – down-regulated).
MiR-143, miR-145 (known tumor-suppressor genes), miR-21
and miR-31 (known to be oncogenes) are the most consistently
reported to have dysregulated expression in CRC [15-18].
Colorectal cancer tumorigenesis miR-targeted/regulated
genes/pathways/networks include MYC, APC, ERBB2-ERBB3,
ZEB1, FOXD3, Wnt/ beta-catenin, TGF-beta, mTOR, insulin,
mitogen-activated protein-kinase (MAPK), EGFR/KRAS and
ErbB signaling [7, 10, 11, 18]. The same authors found one miR
that has not been associated with colon cancer before their
study - miR-375 - the single most down-regulated miRNA in
rectal cancer (3-fold change). It is known that concomitant
to miR-148a and miR-190, mir-375 targets BCL2; the role of
miR-148a and miR-190 role in CRC and pancreatic cancer
tumorigenesis was previously described [19-21].
For the development and progression of CRC, miR375 targets genes that play an important role in regulating
pathways, such as MAPK, Wnt, TGF-beta signal pathways
[15]. In most CRC tumors (90%) a regulatory factor of the
Wnt/β-catenin signaling pathway is mutated [the Wnt ligand
which initiates signaling through the Frizzled (FZD) receptor
is one of the known targets of miR-375] [15, 19]. Several
studies identified miR-375 to be down-regulated in CRC,
without mentioning its role for liver metastasis progression
[22, 23], but underlying its capacity to inhibit primary tumor
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growth by targeting PI3K/Akt signaling pathway [24] and by
stimulating apoptosis by targeting YAP1 [25]. To summarize,
more and more data show that a down-regulated miR-375,
either found in primary tumor specimens or via exosomes in
circulating fluids, may subclinically identify the presence or the
persistence of cancer, underlining a poor prognosis in many
solid tumors [26, 27]. No data was found in relation to miR375 and Bcl-2 blocking, responsible for tumoral progression
and dissemination.
The aim of the current study was to identify whether
the miR-375 is indeed down-regulated in metastatic CRC,
whether it has potential Bcl-2 blocking action and if it could
be considered as a potential minimally invasive prognostic
biomarker for CRC by inhibition of malignant proliferation
and dissemination.

MATERIAL AND METHODS
Exosome isolation and characterization
Exosomes have been isolated according to the protocol
described by Li et al. [28] from patients diagnosed with liver
metastases from CCR at the Ion Chiricuta Oncology Institute
in Cluj Napoca, Romania. The patients' serum was obtained
previous to chemotherapy and a written consent was signed
according to all legal and ethical laws of the European Union
and according to the Declaration of Helsinki.
ExoQuick exosome precipitation solution kit (System
Biosciences, Mountain View, California, USA) was used to
isolate the membrane vesicles from 250 µl of serum. The serum
was centrifuged at 3000 x G for 15 minutes in order to remove
all cellular debris before being transferred to a sterile vessel and
mixed with the exosome precipitation solution. Afterwards, the
ExoQuick/plasma mixture was again centrifuged at 3000 x G for
30 minutes at room temperature, the supernatant was aspirated
and the residual solution again centrifuged at 3000 x G for 5
minutes. The exosome pellet obtained was later re-suspended
in sterile phosphate buffer solution (PBS). Characterization was
done according to our previously described protocol [29], using
both transmission electron microscopy (TEM) and scanning
electron microscopy (SEM). Slides were prepared for TEM
according to the usual protocols [30, 31]. Prefixation was done
for 2 hours in 2.7% glutaraldehyde (in 0.1 M phosphate buffer,
pH 7.4), post-fixation for 1.5 hours in 2% osmium tetroxide
(in 0.15 M phosphate buffer, pH 7.4), dehydration with five
solutions of acetone of increasing concentrations (between
50–100%, 15 minutes each), infiltration with solutions of Epon
812 in acetone (1:2, 1:1, 2:1, 1 hour each, and in pure Epon
overnight) and embedding in Epon 812 (72 hours at 600 C).
The ultrathin sections of 70–80 nm thickness were obtained on
a LKB 8800 ULTROTOME® III ultramicrotome (LKB, Bromma,
Sweden), using a DiATOME diamond knife (Diatome Ltd.,
Bienne, Switzerland), then stained with uranyl acetate and
lead citrate. Sections were examined in a JEOL JEM 100CX II
transmission electron microscope (Jeol Ltd. Tokyo, Japan) at 100
kV acceleration voltage and magnifications between 3600× and
19 000×. The most representative images were photographed
on 4489 Kodak electron microscope films (Carestream Health
Inc., New York, USA), and the films were scanned in an Imacon
Flexitight X5 film scanner (Hasselblad Imacon, Copenhagen
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Sweden), using the computer software Imacon FlexColor X5
(Hasselblad Imacon, Copenhagen Sweden). For the in vitro
internalization of the exosomes, we used the HCT-116 cell
line (ATCC- American Type Culture Collection, Manassas,
Virginia, USA). Briefly, the exosome pallet was mixed with the
cells in culture and then slides were done in order to prove the
internalization of the multivesicular bodies. The characterization
of the exosomes is carried out, apart from using electron
microscopy, by Western blotting for the exosome-specific
markers Tsg-101 and CD 81, as previously described by our
team [28, 29]. The protocol for Western blotting is detailed
later in the paper.
Cell culture protocols
HCT 116 cells were grown in a humidified atmosphere at
37°C air, 95%; carbon dioxide (CO2), 5%. The culture medium
was RPMI 1640 medium, with 10% fetal bovine serum (FBS)
and 1% antibiotics. Cell passage and culture was carried out
as previously described [32, 33].
DNA and RNA extraction
Total RNA was isolated using TRIzol reagent (Invitrogen),
as previously described [34].
Transfection of miR-375 inhibitor, miR-375 mimic and
nonspecific mimic (NSM)
Synthesized RNA duplexes of miR-375 inhibitors and
mimics, as well as the non-specific mimic (NSM) were
purchased from Dharmacon (Lafayette, Colorado, USA).
30–50% confluent cells were transfected with 60 nM of miR375 inhibitor or inhibitor negative control using Lipofectamine
RNAi MAX (Invitrogen, Waltham, Massachusetts, USA). RNA
and proteins were harvested 72 hours after transfection.
Cell counting
15,000 cells were plated in 24-well plates (Day 0),
transfected after 24 hours and counted at days 1, 2, 4, 7, 10 and
14 by using both a hemocytometer and a Leica S80 inverted
phase microscope, as well as the Countess Automated Cell
Counter (Invitrogen).
Flow cytometry
5 × 105 cancer cells were transfected with 60 nM mimics
or inhibitors of microRNA-375 or non-specific controls,
respectively. After 48 hours, cells were double stained with PI
and annexin-V (Vybrant Apoptosis Assay Kit, Invitrogen).
Fluorescence intensity was measured using a flow cytometer
(BD FACS Canto II) to assess early apoptotic cells, defined as
those staining only with annexin-V.
Cell invasion assay
Scratch cell migration and Matrigel invasion assay to
estimate the in vitro invasion ability of both parental and
transfected cancer cells. Serum-free RPMI1640 medium
was mixed with Matrigel (1:10; BD Biosciences, Bedford,
Massachusetts, USA). The bottom of the culture inserts (8-μm
pores) in 24-well tissue culture plates (Transwell, Corning,
Corning, NY, USA) was coated with 50 μl of the mixture.
Afterwards, the Matrigel was allowed to solidify at 37 °C
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for 4 h. After solidification, 5 × 104 cells were harvested by
trypsinization, washed with serum-free medium then placed
in the upper chamber. The lower chamber contained 10%
fetal bovine serum used as a chemoattractant. After 48h of
incubation at 37 °C with 5% CO2, cells in the inner side of the
chamber were removed using cotton swabs. The number of cells
that invaded to the basal side of the membrane was quantified
by counting 16 independent symmetrical visual fields under
the microscope. Cell morphology was observed after staining
with 0.1% Crystal violet.
Quantitative qRT-PCR (qRT-PCR) for miR and mRNA
expression
miR qRP-PCR was performed to confirm the expression of
miR-375. TaqMan MiR Assays (Human Applied Biosystems,
Foster City, CA, USA) were used. Cycle passing threshold (Ct)
was recorded and normalized to RNU6B expression. Relative
expression was calculated as 2Ct_miR-375-Ct_RNU6B. PCR reactions
were carried out in duplicate. All mRNA qRT-PCR values
were normalized to beta-actin and the relative expression was
calculated as 2Ct_target gene-Ct_beta-actin. PCR reactions were carried
out in duplicate.
Western blotting
Cells were lysed in Laemmli sample buffer (Bio-Rad,
Hercules, California, USA) supplemented with a protease
inhibitor complete EDTA-free (Roche). Protein concentration
was measured using BCA Protein Assay kit (Pierce, Rockford,
Massachusetts, USA). Cell lysates (50 µg) were electrophoresed
on 10–20% polyacrylamide gells (Bio-Rad) and transferred
to ImmobilonPSQ membranes (Millipore, Bedford,
Massachusetts, USA). The membranes were blocked with TBS
containing 5% skim milk and 0.1% Tween-20, then incubated
with the primary antibody. Antibody to Bcl-2 was purchased
from Abcam (Cambridge, United Kingdom). The membranes
were incubated after washing with HRP-conjugated goat
anti-rabbit IgG (Calbiochem, Gibbstown, New Jersey, USA)
and analyzed using enhanced chemiluminescence-plus
reagent (GE Healthcare, Buckinghamshire, United Kingdom).
Densitometry was performed on the western blot images by
using the J-Image software (http://rsbweb.nih.gov/ij/).
Statistical analysis
The statistical analysis was performed using R (R
Development core team, USA) and GraphPad Prism 5.0
(GraphPad Software INC., CA, USA). The obtained data
was fist examined for normality of distribution using the
Shapiro-Wilk test. The distribution of all the obtained data
was Gaussian, thus it was analyzed using a parametric test
(Two-Way ANOVA with Turkey post-test). The differences
were considered significant when P < 0.05.

RESULTS
Exosome characterization
The multivesicular bodies isolated were characterized
using electron microscopy. Thus, SEM was used to assess the
shape of the exosomes, as seen in Fig. 1. The role of exosomes
in intercellular communication was assessed by using the
J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 435-443
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Fig. 1. Scanning electron microscopy image of the exosomes.

exosomes isolated from CCR patients in culture on the HCT116
cells. The exosomes were internalized by the malignant cells as
seen in Figs. 2A and B, images obtained by TEM. In Fig. 2A we
can clearly see vesicular bodies on the external surface of the
cell membrane. In Fig. 2B, the vesicle was internalized and can
be seen inside the cell, surrounded by the rough endosplasmatic
reticulum. Figure 2C presents the complete characterization
of exosomes using western blotting. The investigated proteins
were Tsg101 and CD81, previously described by our team as
exosome-specific markers. We investigated the levels for these
two proteins in both exosomes isolated from our patients, as
well as from cells in culture, as negative controls. Thus, in the left
images we can clearly see that the multivesicular bodies isolated
by us indeed express these markers. In the right images, we
attached the western blotting for β-actin, as a positive control.
The protein levels were very similar between the samples,
proving that our protocol was accurate.
Cell proliferation potential
The role of miR-375 was assessed in vitro by the cell
counting assay. In Fig. 3 we can see the results regarding the
growth of the malignant cell population at days 1, 2, 4, 7, 10
and 14. The results of interest are for cells transfected with the
miR-375 mimic, where we can clearly see that this small noncoding RNA species inhibits the proliferation of the cancer
cells. The cells transfected with the non-specific mimic (NSM)
as the negative control represent the natural evolution of the
malignancy, whereas the cells transfected with the miR-375
inhibitor represent the positive control. The last control group
proves that inhibiting miR-375 has little effect in comparison
with its up-regulation. Table I shows the statistical analysis
for the HCT116 NSM vs HCT116 miR-375 mimic. Table II
shows the statistical analysis for HCT116 NSM vs HCT116
miR-375 inhibitor. As shown in Tables I and II, the microRNA
mimic influences cell proliferation at days 7 to 14, whereas
the inhibitor only at days 7 and 10. At day 14, the difference
between the NSM and the miR-375 inhibitor does not exist
anymore, but further studies on other CCR cell lines are needed
in order to conclude whether this data reflects what happens
in the cancer patient.
Cell invasion potential
Figure 4 confirms the cell proliferation assay. Thus,
cells transfected with the miR mimic have a decreased
J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 435-443

Fig. 2. A, B: Transmision electronmicroscopy images of the exosomes;
C: Western blotting characterization of the exosomes (see text).

Fig. 3. Cell proliferation assay for the in vitro experimental cancer
cell growth.

invasion potential in comparison with the control (NSM).
The upper images are those taken from the bottom of the
invasion chamber, in white light microscopy. The bottom

miR-375 and colon cancer cell progression and dissemination
Table I. Statistical analysis for the HCT116 NSM vs HCT116 miR-375
mimic

HCT116
NSM

HCT116 miR375 mimic

Difference

95% CI of
difference

Day 1

1500

1500

0

-2022 to
2022

Day 2

3533

924,3

-2609

Day 4

4107

1471

Day 7

8567

Day 10
Day 14

Treatment

Treatment
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Table II. Statistical analysis for HCT116 NSM vs HCT116 miR-375
inhibitor

HCT116
NSM

HCT116 miR-375
inhibitor

Difference

95% CI of
difference

Day 1

1500

1500

0

-2022 to
2022

-4631 to
-586.6

Day 2

3533

2700

-833.3

-2856 to
1189

-2636

-4658 to
-613.6

Day 4

4107

5733

1627

-395.8 to
3649

2500

-6067

-8089 to
-4044

Day 7

8567

11870

3300

1278 to
5322

17600

5767

-11830

-13860 to
-9811

Day 10

17600

21100

3500

1478 to
5522

21280

6557

-14730

-16750 to
-12700

Day 14

21280

21960

678

-1344 to
2700

Treatment

Treatment

Difference

t

P value

Summary

Difference

t

P value

Summary

Day 1

0

0

P > 0.05

ns

Day 1

0

0

P > 0.05

ns

Day 2

-2609

3.947

P<0.01

ns

Day 2

-833.3

1.261

P > 0.05

ns

Day 4

-2636

3.988

P<0.01

ns

Day 4

1627

2.461

P > 0.05

ns

Day 7

-6067

9.179

P<0.001

***

Day 7

3300

4.993

P<0.001

***

Day 10

-11830

17.9

P<0.001

***

Day 10

3500

5.295

P<0.001

***

Day 14

-14730

22.28

P<0.001

***

Day 14

678

1.026

P > 0.05

ns

***statistical significant difference; ns: not significant statistical difference

***statistical significant difference; ns: not significant statistical difference

images, show the cells stained with 0.1% Crystal violet. The
differences between the NSM (negative control) and the
miR inhibitor are not obvious, in correlation with the data
from the cell proliferation assay. But when comparing either
of the two controls with the miR mimic, one can clearly
see the difference in cell number. Thus we can conclude

that microRNA-375 inhibits both the proliferation and the
invasion potential of CRC.
Apoptosis by flow cytometry
The figures 5A, B and C show the percentage of cells
undergoing apoptosis, data obtained by flow cytometry.

Fig. 4. In vitro Matrigel invasion assay for the cancer cells (see text).
J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 435-443
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Figure 5A shows that 3.84% of the cells transfected with the
miR-375 inhibitor are entering apoptosis, image 5B that those
transfected with the NSM 6.45% are in apoptosis, whereas
image 5C that of those transfected with the mimic, 11.46% are
in apoptosis. The data was obtained by flow cytometry.

Fig. 6. RT-PCR for Bcl-2 expression.

Fig. 7. Western blotting for Bcl-2 expression.

with the microRNA inhibitor, the level of the Bcl-2 protein
is decreased, whereas when transfected with the microRNA
mimic the protein is secreted in a higher concentration by
the CRC cell. The upper images show the protein levels, at 29
kDa and the lower images represent the internal control for
the experiment (GAPDH, at 37 kD.

DISCUSSION

Fig. 5. A, B, C: Percentages of cells undergoing apoptosis,
by flow cytometry analysis.

RT-PCR and Western blotting for Bcl-2
RT-PCR for Bcl-2 expression showed that Bcl-2 is downregulated for miR-375 inhibitor and up-regulated for the miR375 mimic (Fig. 6). Western blotting was used to investigate
whether the gene expression level correlates with the protein
levels of Bcl-2. Figure 7 shows that in the case of transfection
J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 435-443

MicroRNA-375 was first described as a specific murine
pancreatic islet β-cell line MIN6 micro-RNA, with its
gene located in human chromosome 2q35 region, a region
commonly conserved both for human and mice [35]. After
its first description and characterization, the miR-375 role was
attributed to pancreatic islet development, glucose homeostasis,
mucosa-mediated-immunity, lung surfactant production and
secretion, and lately to oncogenesis [36]. In the latter aspect,
recent studies revealed that miR-375 is profoundly aberrant
(mostly down-regulated) in many human cancers, providing
potential prognostic values [37-42] such as head and neck
squamous cell carcinoma (HNSCC), non-small cell lung cancer
(NSCLC), melanoma, glioblastoma multiforme, hepatocellular
carcinoma, esophageal cancer, gastric cancer, breast cancer or
prostate cancer and it acts by inhibiting/repressing many wellknown oncogenes [43, 44]. To this day, it is unclear whether
an under-expression of miR-375 offers a poor prognosis [39,

miR-375 and colon cancer cell progression and dissemination

44], or whether its role for prognosis is insignificant or if its
expression is not related to cancer outcome [45-48]. miR-375
usage as a potential biomarker in cancer is still unclear and
should furthermore be investigated via meta-analyses or
prospective multicenter studies with a larger sample size, even
if low-expressions have been correlated with poor survival
[49]. To exemplify its role in oncogenesis, a restored function
of miR-375 in hepatocellular carcinoma inhibited tumor
proliferation, invasion potential and migration, and facilitated
apoptosis [36]. For the case of gastric cancer, miR-375 was
often found to be downregulated and acting as a tumoral
suppressor, by inhibiting cellular proliferation via inhibition
of the Janus kinase 2 pathway and by facilitating apoptosis via
3-phosphoinositide dependent protein kinase-1 (PDK1) and
tyrosine 3-Monooxygenase/ Tryptophan 5-Monooxygenase
Activation Protein, Zeta (YHWAZ) [37, 50]. Subsequently,
the role of miR-375 in inhibiting proliferation, invasion and
metastatic capacity, not only in vitro, but also in vivo, by the
PDK1 pathway, was also found in esophageal squamous cell
carcinoma [51, 52]. On the other hand, in prostate cancer, miR375 was found to be upregulated not only in primary tumor
samples but also in the serum, with its role still undetermined
[53, 54]. Upregulation of miR-375 was also found in estrogen
receptor alpha-(ERα) positive breast cancer cell lines, where
its role was considered to be related to cell proliferation [42]
leading to low overall survival (OS) and metastatic disease.
Furthermore, in invasive lobular breast cancer, mir-375 was
suspected to promote progression of disease [55]. Thus, the
question arises: does miR-375 act as an oncogene or as a tumor
suppressor factor?
In CRC, only recent and few studies have tried to identify
the role played by miR-375. In this direction, miR-375 has
been found to be significantly under-expressed, without any
correlation to tumor size, histological grade, pT stage, pN
stage and pTNM stage [56, 57], and that in vitro and in vivo
experiments proved that overexpression of miR-375 may
facilitate a direct and targeted growth inhibition for CRC
cells either by targeting PI3K/Akt signaling pathway or by
stimulating apoptosis via targeting BIRC5 and BCL2L1 [58].
In our study, CRC miR-375 mimic transfected cells showed
an inhibition of their proliferation, with results only noticeable
after multiple cell cycles, starting from day 7 up until day 1014 of replication, results previously obtained for miR-365 in
a large cohort of samples [59]. Still, even if our study brought
positive results, further investigation should be pursued. In the
same manner, the invasion potential of CRC miR-375 mimic
transfected cells was decreased, even if not as pronounced as
the results of the proliferation assay, data seen for the same
miR in gastric cancer [60], but when evaluating the apoptotic
level, the percentage of miR-375 mimic transfected cells that
entered apoptosis was almost double in comparison to the
negative control group.
In the current study, once we have established the inhibitory
effect of miR-375 on the proliferation and invasion of CCR,
the next step was to establish the basic mechanisms of action.
The tumor suppressor role of Bcl-2 was first proven at the
Johns Hopkins University School of Medicine by the team of
Vogelstein [61]: its role in CCR diagnosis and prognosis was
further investigated [62, 63], with the loss of Bcl-2 expression
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being correlated with a higher risk for recurrence in stage
II colon adenocarcinoma. As Bcl-2 has been proved to be
correlated with cancer progression and dissemination for this
malignancy, we further investigated whether miR-375 would
be linked to Bcl-2 expression. Thus, cells transfected with
either the miR mimic inhibitor or the NSM were investigated
at the gene level, as well as the protein level regarding Bcl-2.
Our results concluded that in miR-375 positive cells, when the
protein can be truly found in higher concentrations, Bcl-2 has
indeed a tumor suppressor effect and its inhibition may lead to
an increased potential of the cancer to proliferate and invade
the surrounding tissues.
Studies have reported that mir-375 is frequently downregulated in many cancers including esophageal cancer,
hepatocellular carcinoma, breast cancer or leukemias.
Restoration of mir-375 expression in these cancer cells might
inhibit their proliferation by targeting various oncogenes.
Cancer cell progression and dissemination has been linked
to a reduced susceptibility to drug-induced apoptosis, which
was shown to be a consequence, at least in some cases, of overexpression of anti-apoptotic proteins, such as BCL2, IAPs, and
BCL-XL [64]. Since mir-375 enhanced the growth inhibitory
effect of CRC, we hypothesized that mir-375 might play a
role in the modulation of apoptosis. So far, no data that links
microRNA-375 to Bcl-2 in cancer has been published, except
for the paper of Miao et al. [64].The oncologists from Nanjing
have proven that miR-375 was down-regulated in response to
H. pylori infection in gastric epithelial cell lines. Janus kinase 2
(JAK2) is a well-known target of miR-375, as well as a further
activated signal transducer and activator of transcription
3 (STAT3). Both gain-of-function and loss-of-function
experiments showed that decreased miR-375 expression could
mimic the oncogenic effects of the JAK2–STAT3 pathway. In
addition, pretreatment with silent interfering RNAs targeting
JAK2 prevented gastric epithelial cells from increasing
proliferation and migration even in response to H. pylori
infection. The JAK2–STAT3 pathway regulated by miR-375 is
involved in H. pylori-induced inflammation. This signalling
pathway promotes malignant transformation by affecting the
expression of BCL-2 and TWIST1. Thus, it offers a potential
therapeutic target for inflammation-related cancers, including
colon adenocarcinoma.
There are some limitations of this study. It should have
included a larger cohort, followed by a wider prospective/
multicentric clinical study. Since miR-375 has been found
to have an up-regulated rectal-cancer-specific molecular
profile [15-18], the findings in this present study could raise
awareness upon the fact that this specific miR is also present
in colon cancer, and that the outcomes regarding proliferation,
increased invasion and metastatic capacity, will only rely upon
its expression (over-/under-expression). Also, being mainly an
in vitro study performed in a laboratory setting, the molecular
profile and the in vivo repercussions could be altered.

CONCLUSION
To conclude, the novelty of this present study is that it
brings to the forefront new daunting hypotheses according to
which miR-375, as previously mentioned in other studies, plays
J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 435-443
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an important role in controlling the pathways responsible for
inhibiting the natural history of CRC tumor cells, via the Bcl-2
pathway. Still, future studies should include in vivo work-up and
should gather prospective data in order to move forward and
initiate a clinical prospective study on a large population cohort.
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ABSTRACT
The complex regulation of tumor suppressive gene and its pseudogenes play key
roles in the pathogenesis of hepatocellular cancer (HCC). However, the roles played by
pseudogenes in the pathogenesis of HCC are still incompletely elucidated. This study
identifies the putative tumor suppressor INTS6 and its pseudogene INTS6P1 in HCC
through the whole genome microarray expression. Furthermore, the functional studies
– include growth curves, cell death, migration assays and in vivo studies – verify
the tumor suppressive roles of INTS6 and INTS6P1 in HCC. Finally, the mechanistic
experiments indicate that INTS6 and INTS6P1 are reciprocally regulated through
competition for oncomiR-17-5p. Taken together, these findings demonstrate INTS6P1
and INTS6 exert the tumor suppressive roles through competing for oncomiR-17-5p.
Our investigation of this regulatory circuit reveals novel insights into the underlying
mechanisms of hepatocarcinogenesis.

www.impactjournals.com/oncotarget

5666

Oncotarget

INTRODUCTION

pseudogene 1 (INTS6P1), and a shared miR species, miR17-5p.

In the year 2013, it is estimated that there were
30,640 new diagnoses of primary liver cancer and 21,670
people will die as a consequence of this cancer in the
United States (http://www.cancer.gov/). Hepatocellular
carcinoma (HCC) accounts for the vast majority of primary
liver cancer cases. Tremendous progress has been made
recently towards understanding the basic mechanisms of
HCC genesis and homeostasis [1, 2]. Sequencing efforts
have been crucial in revealing a plethora of mutated genes
in HCC, such as ARID2, ARID1A, CTNNB1, and others
[3-5]. The study of gene expression in HCC has proven
equally fruitful, with several new types of HCC based on
mRNA levels being defined [6]. Lastly, epigenetic changes
are identified in HCC and have an ascribed etiologic role
[7]. Long non-coding RNAs (lncRNAs) are a relatively
recently discovered class of non-protein coding transcripts
that contain more than 200 nucleotides [8]. Although
lncRNAs have recently attracted a substantial amount
of attention, further studies are needed to elucidate their
etiologic involvement in cancer [9-12].
Studies of non coding RNA species, including
microRNAs (miRs) and lncRNAs, have ushered in an era
of sophistication in our understanding of a complex and
previously underappreciated level of protein regulation.
MiRs are known to down-regulate coding transcripts and
therefore play major regulatory roles in health and disease
[7]. The realization of certain long non coding transcripts
can function as “sponges” for certain miR species,
suggested that these non coding RNA species might
indirectly, yet effectively, regulate protein expression.
According to this newly recognized competitive
endogenous RNA (ceRNA) paradigm, long non-coding
transcripts share miR responsive elements (MREs) with
protein coding genes, and compete with these proteincoding genes for the pool of shared miRs [13]. Thus,
ceRNA species bear the potential of playing crucial roles
in the regulation of their cognate genes [13-16].
Pseudogenes represent an intriguing class of
lncRNAs. They are structurally similar to their parental
protein coding genes, with the important difference that
they do not have a protein coding domain [17]. Therefore,
they have been historically labeled as nonfunctional
transcriptional relics [18]. The ceRNA paradigm, however,
has refocused the attention on pseudogenes, since their
striking sequence homology with the cognate genes
renders them prime candidates for mRNA regulation
through competition for shared miR species [13]. Several
reports have described salient roles of pseudogenes in
cancer biology [16, 19].
In the current study, we utilized an unbiased
approach to identify lncRNA pseudogenes and study their
putative ceRNA function in HCC. Herein, we report a
novel regulatory network in HCC, comprised of integrator
complex subunit 6 (INTS6), integrator complex subunit 6
www.impactjournals.com/oncotarget

RESULTS
INTS6, INTS6P1 and miR-17-5p display
coordinated expression in human HCC tissues
Messenger RNA, miR and lncRNA arrays were
performed on 3 pairs of HCC and matched normal liver
tissues (the data have been deposit to GEO: GSE64633).
INTS6 and INTS6P1 were found to be down-regulated in
HCC vs. matched normal tissues (Supporting document
1: Table 1). In addition, miR-17-5p was found to be upregulated in same HCC vs. matched normal liver tissues
(Supporting document 1: Table 1). To further scrutinize
potential mechanistic explanations for the coordinated
expression levels of INTS6, INTS6P1 and miR-17-5p,
we investigated the nucleotide sequence of INTS6 and
INTS6P1. As predicted by the Genome browser (UCSC)
and NCBI Blast, INTS6P1 displays 96% homology with
the ORF of INTS6 (Supporting document: Figure 1).
Of further importance, miRcode predicts a miR-17-5p
binding site in INTS6P1 as well as in the open reading
frame (ORF) of INTS6. Therefore, we hypothesized that
INTS6P1 might regulate the expression of INTS6, through
competing for the available quantity of miR-17-5p.

INTS6P1 positively correlates with INTS6 in a
large cohort of human HCC tissues
To validate the array data, the expression of
INTS6 and INTS6P1 was assayed with qRT-PCR in 39
pairs of human HCC and matched normal liver tissues.
The expression of both INTS6P1 and INTS6 was not
only down-regulated in approximately 70% of HCC vs.
normal liver tissues, but there was also positive correlation
between the expression of both gene and the pseudogene
(R=0.81, Figure 1A). Moreover, the expression of INTS6
as well as INTS6P1 was down-regulated in HCC cell
lines (Huh7, MHCC97H, MHCC97L, and HepG2) when
compared to normal human hepatocytes (HH) (Figure 1B).
The positive correlation between expression of INTS6 and
INTS6P1, suggests that these 2 genes may be part of a
regulatory circuit.

INTS6 as well as INTS6P1 exert tumor
suppressive effects on HCC cells in vitro
Previous studies suggested the tumor suppressive
role for INTS6 in other cancer types [20-23], however,
to date, there are no studies to report its role in HCC.
Depletion of INTS6 via siRNA significantly increased cell
5667
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INTS6 as well as INTS6P1 exert tumor
suppressive effects on HCC cells in vivo

growth in MHCC97H as well as in Huh7 cells. Moreover,
siRNA-mediated down-regulation of INTS6P1 similarly
increased cell growth in MHCC97H and Huh7 cells
(Figure 2A, Supporting document 1: Figure 2A and B). In
gain of function studies performed in the same 2 cell lines,
the up-regulation of INTS6, as well as the up-regulation
of INTS6P1, respectively, induced growth arrest (Figure
2B). In a different set of experiments, HCC cells were
transfected with INTS6P1 or INTS6 and investigated for
cell death. We noted that over-expression of either INTS6
or INTS6P1 induced an increase in cell death when
compared to the negative control (Figure 2C). Finally,
to study the effect of INTS6P1 or INTS6 on the mobility
of HCC cells, we conducted scratch assays on HCC cells
transfected with INTS6P1 or INTS6. In comparison with
the negative control, HCC cells with either INTS6P1 or
INTS6 over-expression, respectively, migrated less (Figure
2D). Taken together, these findings suggest that INTS6P1
and INTS6 exert tumor suppressive effects by promoting
HCC cell death and inhibiting cell mobility.

Electroporation has been demonstrated as one of
the most efficient approaches in delivering plasmid DNA
in vivo [24]. After allowing xenograft tumors to grow in
nude mice, we employed electroporation to up-regulate
the expression of INTS6 and INTS6P1, respectively.
Since day 20, the growth of tumors in which INTS6 was
up-regulated was significantly less vs. control tumors
(p<0.05). In addition, up-regulation of INTS6P1 in vivo
induced a similar, albeit of smaller magnitude, decrease
in growth (Figure 3A-C). Furthermore, tumors in which
INTS6 or INTS6P1 was up-regulated, displayed a lower
cross sectional cancer component, when compared to
control tumors (Figure 3D).

Figure 1: INTS6 and INTS6P1 are putative tumor suppressors in HCC. (A) The expression levels of INTS6 and INTS6P1 are

assayed in 39 pairs of HCC and paired normal liver tissue (NL). X-Axis – INTS6P1 expression levels in HCC tissues normalized to paired
NL tissues. Y-Axis – INTS6 expression levels in HCC tissues normalized to paired NL tissues. Both X- and Y-axis are in log units. INTS6
and INTS6P1 are expressed at lower levels in approximately 70% HCC vs. NL samples (in the figure, the dots representing specimens
located in the left lower quadrant). Moreover, the expression of INTS6 is positively correlated with INTS6P1 in HCC. The R value
(correlation coefficient value) is 0.81 (Spearman correlation). Data presented is normalized to respective gene expression in corresponding
NL tissues. (B) The expression level of INTS6 and INTS6P1 is lower in HCC cells (Huh7, MHCC97H, MHCC97L, and HepG2) compared
to normal human hepatocytes (HH).
www.impactjournals.com/oncotarget
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The expression levels of INTS6P1 and INTS6 are
functionally correlated in HCC cells

(Figure 4A). To further investigate the co-regulation of
INTS6 and INTS6P1, in gain of function studies, we noted
that the up-regulation of INTS6P1 significantly increased
the expression level of INTS6 (Figure 4B). Lastly, the
over-expression of INTS6 induced up-regulation of
INTS6P1 (Figure 4C). The over-expression of INTS6P1
did not only increase the transcriptional level of INTS6,
but also enhanced the protein level of INTS6 (Figure 4D).
Taken together, these findings suggest that the expression
of INTS6P1 and INTS6 are functionally co-regulated by a
yet to be determined mechanism.

To investigate if INTS6 and INTS6P1 are part of
the same regulatory circuit, we modulated the expression
levels of either INTS6 or INTS6P1, and recorded the
effects onto the expression levels of INTS6P1 or INTS6,
respectively. The inhibition of INTS6 induced significant
suppression of INTS6P1, by contrast, the down-regulation
of INTS6P1 induced significant suppression of INTS6

Figure 2: INTS6, as well as INTS6P1, suppress the growth and mobility of HCC cells. (A) Loss of function of INTS6

(triangle in the figure) or INTS6P1 (square in the figure) induced by specific siRNA species results in increased cell growth. At day 4,
there was a statistically significant difference in number of MHCC97H cells between Ctrl (control) cells and cells transfected with either
si-INTS6 (p = 0.37) or si-INTS6P1 (p = 0.45) (left), as well as in Huh7 cells transfected with si-INTS6 (p = 0.027) or si-INTS6P1 (p =
0.012) (right). At day 5, there was a statistically significant difference in number of MHCC97H cells between Ctrl (control) cells and cells
transfected with either si-INTS6 (p = 0.0039) or si-INTS6P1 (p = 0.0018) (left), as well as in Huh7 cells transfected with si-INTS6 (p =
0.0026) or si-INTS6P1 (p = 0.0014) (right). Error bars represent mean ± SD. (B) Up-regulation of INTS6 or INTS6P1 suppresses the
growth of MHCC97H at day 4 (p = 0.016 with INTS6, p = 0.015 with INTS6P1) (left), as well as Huh7 when compared to the negative
control (Ev) (p = 0.0089 with INTS6, p = 0.0045 with INTS6P1) (right). At day 5, the growth of MHCC97H is suppressed dramatically
by INTS6 (p = 0.0015) or INTS6P1 (p = 0.003) (left), the growth of Huh7 is suppressed by INTS6 (p = 0.0024) or INTS6 (p = 0.0076) as
well (right) Error bars represent mean ± SD. (C) Up-regulation of INTS6 or INTS6P1 increases cell death when compared to the negative
control (Ev). (D) The migration of MHCC97H cells is significantly suppressed by over-expressing INTS6 (p = 0.018) or INTS6P1 (p =
0.0041) (top). The migration of Huh7 cells was significantly suppressed by over-expressing INTS6 (p = 0.01) or INTS6P1 (p = 0.026)
(bottom). The wound closure distance is quantified by ImageJ. Error bars represent mean ± SD.
www.impactjournals.com/oncotarget
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INTS6P1 regulates the expression of INTS6
through competition for miR-17-5p

of both INTS6 and INTS6P1 (Figure 5C, Supporting
document 1: Figure 2D). Next, we asked if miR-17-5p
affects INTS6 and INTS6P1 directly or indirectly. To this
end, we cloned a fragment of the homologous sequence
of INTS6P1 and INTS6, which contained the miR-175p binding site, into a luciferase vector. We noted that
treatment with miR-17-5p down-regulated the luciferase
activity of both INTS6 as well as INTS6P1. However,
mutating the binding site of miR-17-5p rescued the
luciferase activity, strongly supporting a direct interaction
between miR-17-5p and this binding site in INTS6 as well
as in INTS6P1 (Figure 5D, and Supporting document 1:
Figure 3). Furthermore, the up-regulation of either INTS6
or INTS6P1 resulted in a marked decrease of miR-17-5p,
in accord with the hypothesis that either of these genes
can act as a sponge for the available cellular miR-17-5p
transcripts (Figure 5E).

The array data suggested that, in human HCC
specimens, INTS6 and INTS6P1 are down-regulated,
while miR-17-5p is up-regulated, when compared to the
matched normal liver tissues (Figure 5A). Since expression
level changes in either INTS6 or INTS6P1 induce a
reciprocal expression change in the counterpart gene, we
hypothesized that miR-17-5p, which has a binding site in
INTS6, as well as INTS6P1, could be the regulatory factor.
In accord with this hypothesis, we noted that increasing
the expression of miR-17-5p induced down-regulation
of INTS6, as well as INTS6P1 (Figure 5B, Supporting
document 1: Figure 2C). Furthermore, inhibition of miR17-5p induced de-repression and subsequent up-regulation

Figure 3: INTS6P1 and INTS6 exert tumor suppressive activity in vivo. (A) Tumors established in nude mice grow significantly
less when INTS6 or INTS6P1 are up-regulated in vivo. At day 20, there was a statistically significant difference in tumor size between
Ev (control) and tumors electroporated with either INTS6 plasmid (p = 0.023) or INTS6P1 plasmid (p = 0.037). At day 30, there was a
statistically significant difference in size of tumors between Ev (control) group and tumors electroporated with either INTS6 plasmid
(0.006) or INTS6P1 plasmid (p = 0.0038). Error bars represent mean ± SD. (B, C) Representative images demonstrate the size of control
tumors (Ev) compared to tumors treated in vivo with INTS6 or INTS6P1. (D) The H&E staining of tumors show lower cross sectional
cancer component in tumors treated with INTS6 or INTS6P1 in vivo. The black triangles indicate a higher percent of tumor stroma (and
lack of cancer cells) in tumors treated with INTS6 or INTS6P1.
www.impactjournals.com/oncotarget
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DISCUSSION

[18]. However, similar to other non coding RNA species,
such as miRs, pseudogenes are now known to play
important regulatory roles [30]. Since the discovery of
the first pseudogene with regulatory functions, significant
efforts have been directed at elucidating the effect of
pseudogenes in the regulation of protein expression [15,
16, 30]. Pseudogene transcripts, as members of the ceRNA
network, participate in the regulation of their parental
coding genes through competitive binding to shared
miRs. In other words, the over-expression of pseudogene
transcripts increases the abundance of MREs and results in
de-repression of their parental protein coding genes.
Several studies have suggested that INTS6 plays
tumor suppressive roles in several human cancers, such
as non-small cell lung carcinoma, esophageal squamous
cell carcinoma and prostate carcinoma [20-23, 31-34].
Mechanistically, INTS6 appears to induce Gap 1 (G1)
arrest, explaining, in part its tumor suppressive roles in
prostate cancer [20]. Furthermore, the low expression
level of INTS6 in prostate cancer has been found to be
caused, in part, by promoter region CpG hypermethylation
[34]. However, the role of INTS6 in HCC is still largely
not understood. Here, we report that INTS6 plays a critical
role as a tumor suppressor in HCC. In addition, this study

LncRNA species represent a relatively newly
discovered type of non coding RNA transcript [12].
Several studies reported functional roles for lncRNAs
in human cancer [8, 25]. In HCC, however, to date, only
a few studies implicated lncRNAs, such as MALAT1,
HOTAIR, HOTTIP/HOXA13, H19, HULC, MEG3, in
the cancer pathogenesis [9, 11, 26-29]. In part, this is due
to challenges characteristic to the lncRNA field. Studies
to date demonstrated a wide variety of mechanisms of
action. However, the lack of a unifying theme precludes
a systematic search for lncRNA mechanisms of action
[8]. The newly emerged ceRNA paradigm suggests that
lncRNAs with high sequence complementarity to protein
coding genes, are prime candidates to be investigated
as ceRNA [13]. The current study represents the first
systematic effort to identify functional networks composed
of triplet species: miRs, lncRNAs and mRNAs. The
unbiased approach presented herein represents a novel
methodology in unraveling the function of lncRNAs in
HCC.
Pseudogenes are non coding RNA transcripts that
have historically been considered to be nonfunctional

Figure 4: INTS6 and INTS6P1 are a part of the regulatory circuit. (A) The inhibition of INTS6P1 by si-RNA suppresses the

expression of INTS6 (p = 0.0089) (left). Down-regulation of INTS6 suppresses the expression of INTS6P1 (p = 0.02) (right). Error bars
represent mean ± SD. (B) The over-expression of INTS6P1 by transfected INTS6P1 (MIEG3-INTS6P1) in HCC cells (left) enhances the
expression level of INTS6 compared to negative control cells (MIEG3-Ev) (p = 0.025 in Huh7, p = 0.0017 in MHCC97H) (right). Error
bars represent mean ± SD. (C) The over-expression of INTS6 by transfected INTS6 (MIEG3-INTS61) in HCC cells (left) enhances the
expression level of INTS6P1 compared to negative control cells (MIEG3-Ev) (p = 0.013 in Huh7, p = 0.031 in MHCC97H) (right). Error
bars represent mean ± SD. (D) The over-expression of INTS6P1 increases the transcriptional expression of INTS6, as well as the the protein
level of INTS6. Western blot is quantified by ImageJ.
www.impactjournals.com/oncotarget

5671

Oncotarget

brings mechanistic evidence showing that INTS6 inhibits
HCC cell growth, migration and survival. Since a majority
of human HCC tissues analyzed in this study demonstrate
down-regulation of INTS6, we conclude that INTS6 likely
plays a major role in HCC, warranting further studies.
INTS6P1 has never been reported as a tumor
suppressive non coding gene in any human cancer. The
current study, for the first time, strongly argues that
INTS6P1 plays a tumor suppressive role in HCC by
suppressing HCC cell growth, migration and survival.
The data presented herein warrants further studies in other

human cancers, in particular its cognate gene, INTS6, is
found to be a tumor suppressor. Of note, in strong support
of our assertion that INTS6 and INTS6P1 are part of a
regulatory circuit, their expression is highly correlated
in the human HCC and matched normal liver specimens.
Finally, we present evidence to show that INTS6P1
regulates the tumor suppressor INTS6 by competitive
binding of miR-17-5p, a known oncomiR in HCC [35-38].

Figure 5: MiR-17-5p mediates the regulation of INTS6 and INTS6P1. (A) Heat map representation of microarray data

demonstrates that miR-17-5p is up-regulated in HCC vs. normal liver tissues. (B) Up-regulation of miR-17-5p results in the suppression of
INTS6 (p = 0.049 in Huh7, p = 0.023 in MHCC97H) (left), as well as INTS6P1 in HCC cells (p = 0.00017 in Huh7, p = 0.04 in MHCC97H)
(right). Error bars represent mean ± SD. (C) The depletion of miR-17-5p de-represses the expression of INTS6 (p = 0.021 in Huh7, p =
0.0055 in MHCC97H) (left), as well as INTS6P1 in HCC cells (p = 0.009 in Huh7, p = 0.023 in MHCC97H) (right). Error bars represent
mean ± SD. (D) (Top) miR-17-5p seed sequence (blue in the figure) is shown, along with the binding site in INTS6 and INTS6P1 (WTINTS6/INTS6P1, blue), and the mutated miR-17-5p binding (MUT-INTS6/INTS6P1, red). (Bottom) miR-17-5p binds to the wild type
binding site in INTS6/INTS6P1 as shown by a decrease of luciferase activity vs. treatment with non specific mimic (NSM, left side of the
graph). However, upon mutating the binding site in INTS6 or INTS6P1, miR-17-5p fails to bind to these constructs (right side of the graph)
(p = 0.0093). Error bars represent mean ± SD. (E) The expression level of miR-17-5p is strongly inhibited by up-regulating INTS6 (p =
0.029) or INTS6P1 (p = 0.031) in MHCC97H cells (left). The expression level of miR-17-5p is inhibited by up-regulated INTS6 (p = 0.039)
or INTS6P1 (p = 0.016) in Huh7 cells as well (right). Error bars represent mean ± SD.
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CONCLUSIONS

labeled cRNAs were purified by RNAeasy Mini Kit
(Qiagen). The concentration and specific activity of the
labeled cRNAs (pmol Cy3/μg cRNA) were measured
by NanoDrop ND-1000. 1 μg of each labeled cRNA is
fragmented by adding 11 μl 10 × Blocking Agent and 2.2
μl of 25 × Fragmentation Buffer, then heated the mixture
at 60°C for 30 min, finally 55 μl 2 × GE Hybridization
buffer is added to dilute the labeled cRNA. 100 μl of
hybridization solution was dispensed into the gasket slide
and assembled to the lncRNA expression microarray
slide. The slides were incubated for 17 hours at 65°C in an
Agilent Hybridization Oven. The hybridized arrays were
washed, fixed and scanned with using the Agilent DNA
Microarray Scanner (part number G2505B).

The current study reports, for the first time,
that INTS6 and its pseudogene INTS6P1 are tumor
suppressors in HCC. In addition, we bring evidence to
show that INTS6P1 post-transcriptionally regulates the
expression level of INTS6 through competitive binding to
the oncogenic miR-17-5p in HCC. These findings provide
new insights into complex regulatory networks in HCC
and uncover novel therapeutic targets.

MATERIALS AND METHODS
Human Tissues

MicroRNA Labeling and Array Hybridization

After informed consent, and under the Institutional
Review Board approval, human HCC and paired normal
liver tissues were obtained immediately after surgery at the
Johns Hopkins Hospital (Baltimore, US), The 3rd Affiliated
Hospital of Sun Yat-sen University (Guangzhou, China),
Fundeni Clinical Institute (Bucharest, Romania), and Ion
Chiricuta Comprehensive Cancer Center (Clui Nanoca,
Romania). Tissues were snap frozen upon acquisition and
stored in a -80°C freezer till use.

MiRCURY™ Hy3™/Hy5™ Power labeling kit
(Exiqon) was used according to the manufacturer’s
guideline for miR labelling of the same 3 pairs of HCC
and matched normal liver tissues. 1.0 mg of each sample
was 3’-end-labeled with Hy3TM fluorescent label, using
T4 RNA ligase by the following procedure: RNA in 2.0
μL of water was combined with 1.0 μl of CIP buffer and
CIP (Exiqon). The mixture was incubated for 30 min at
37°C, and was terminated by incubation for 5 min at 95°C.
Then 3.0 μL of labeling buffer, 1.5 μL of fluorescent label
(Hy3TM), 2.0 μL of DMSO, 2.0 μL of labeling enzyme
were added into the mixture. The labeling reaction was
incubated for 1 hour at 16°C, and terminated by incubation
for 15 min at 65°C. After stopping the labeling procedure,
the Hy3TM-labeled samples were hybridized on the
miRCURYTM LNA Array (v.18.0) (Exiqon) according
to array manual. The total 25 μL mixture from Hy3TMlabeled samples with 25 μL hybridization buffer were first
denatured for 2 min at 95°C, incubated on ice for 2 min
and then hybridized to the microarray for 16 – 20 hours at
56°C in a 12-Bay Hybridization Systems (Hybridization
System - Nimblegen Systems), which provides an active
mixing action and constant incubation temperature to
improve hybridization uniformity and enhance signal.
Following hybridization, the slides were achieved, washed
several times using Wash buffer kit (Exiqon), and finally
dried by centrifugation for 5 min at 400 rpm. Then the
slides were scanned using the Axon GenePix 4000B
microarray scanner (Axon Instruments).

Cells and Culture Conditions
The hepatoma cell lines, MHCC97H (a gift from Dr.
Yoke Peng Loh, NIH, and Liver Cancer Institute, Fudan
University) and Huh7 were grown in Dulbecco’s Modified
Eagle’s Medium (DMEM, Corning Cellgo) supplemented
with 10% fetal calf serum FCS, 1000 U/ml penicillin/
streptomycin (P/S, Quality Biological). All cell lines were
cultured at 37°C in a humidified atmosphere with 5% CO2.

LncRNA,
mRNA
Hybridization

labeling

and

Array

The Arraystar Human lncRNA Array v2.0 was used
to profile both lncRNAs and messenger RNAs (mRNAs)
in human genome of 3 pairs of human HCC and the
matched normal tissues. 33,045 LncRNAs were collected
from the authoritative data sources including RefSeq,
UCSC knowngenes, Ensembl and many related literatures.
Sample labeling and array hybridization were performed
according to the Agilent One-Color Microarray-Based
Gene Expression Analysis protocol (Agilent Technology)
with minor modifications. Briefly, mRNA was purified
from 1 μg total RNA after removal of rRNA (mRNAONLY™ Eukaryotic mRNA Isolation Kit, Epicentre).
Then, each sample was amplified and transcribed into
fluorescent cRNA along the entire length of the transcripts
without 3’ bias utilizing a random priming method. The
www.impactjournals.com/oncotarget

Transient Transfection
To transfect the HCC cells with siRNA or siRNA
control, miR mimic, non specific mimic (NSM) or miR
inhibitor (Thermo Scientific), Huh7 or MHCC97H cells
were seeded onto 12-well plate. When the cells were
getting 60~80% confluent, 100 nM siRNA or siRNA
control, miR mimic, miR inhibitor or NSM were applied to
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the cells by combining lipofectamine iMAX (Invitrogen)
according to the manufacture`s recommendations. For
plasmid transfection, Huh7 or MHCC97H (3X105)
were seeded onto 6-well plate, the next day cells were
transfected with lipofectamine 2000 (Invitrogen)
according to the manufacture`s recommendations. RNA
and protein were harvested in 72 hours after transfection.

For amplifying the specific INTS6P1 sequence, nested
PCR was performed on the genomic DNA. For the
nested PCR, the 1st set of primers was designed from
the flank intron, the 2nd set of primers was designed
from the INTS6P1 sequence flanked by EcoRI (5’) and
XhoI (3’) (Supporting document 1: Table 2). Next, the
unique amplification of INTS6 was obtained from the
complementary DNA (cDNA) using PCR primers flanked
by EcoRI (5’) and XhoI (3’) (Supporting document 1:
Table 2). The amplicons of INTS6P1 and INTS6 were
cloned into the EcoRI and XhoI multiple cloning site
of MIEG3 respectively. The expression of INTS6P1 or
INTS6 was linked with expression of enhanced green
fluorescence protein (eGFP) via internal ribosome entry
site 2 (IRES2). All plasmid DNAs were verified by doing
DNA sequencing.

Quantitative Real-time PCR
To evaluate the expression level of INTS6, INTS6P1
and miR-17-5p, quantitative real-time PCR (qRT-PCR)
was performed. The specific primer sets for INTS6 and
INTS6P1 were designed from the regions that share low
homology between INTS6 and INTS6P1 (Supporting
document 1: Table 2). The specificity of the primers was
verified by PCR the relevant genes and sequencing the
PCR products (Supporting document 2). TaqMan miR
Assay kits (Applied Biosystems) were used for miR17-5p (Applied biosystems) and normalized to RNU6B
(Applied biosystems). Power SYBR Green PCR Master
Mix (Applied Biosystems) was used for INTS6P1 and
INTS6 qRT-PCR. The expression of INTS6P1 and INTS6
was normalized to GAPDH. Relative expression of target
RNAs was calculated using the delta Ct method. All PCR
reactions were carried out on the 7900 HT Fast Real-time
PCR System (Applied Biosystems) in duplicate.

PGL4.13 Luciferase Plasmid Construction
MiRcode predicted miR-17-5p has binding sites in
INTS6P1 and the open reading frame (ORF) of INTS6.
The fragment containing miR17 predicted binding site
in INTS6P1 and INTS6 ORF (wild type) which is highly
homologous was amplified by using linker primers
containing XbaI restriction sites (Supporting document 1:
Table 2). Amplicon was cut by XbaI and cloned into an
XbaI site downstream of the firefly luciferase structural
gene in vector pGL4.13 (Promega). For the mutant, the
miR-17 binding site was mutated following by 2 steps
PCR mutagenesis as prescribed previously [40]. All
plasmid DNAs (wild-type and mutant) were verified by
sequencing.

Western Blot
Cells were lysed in Laemmli sample buffer (BioRad)
supplemented with a protease inhibitor (Roche). Protein
concentration was measured using a BCA Protein Assay
kit (Thermo Scientific). Cell lysates (40–45 mg per lane)
were electrophoresed on 10–20% polyacrylamide gels
(Bio-Rad) and transferred to Immobilon-PSQ membranes
(Millipore). The membranes were blocked with TBS
containing 5% skim milk and 0.1% Tween-20 (TBST),
then incubated with the primary antibody anti-INTS6
(Abcam). The membranes were incubated after TBST
washing with HRP-conjugated anti-mouse secondary
antibody (Cellsignaling) and analyzed using enhanced
chemiluminescent HRP Antibody Detect Reagent
(Denvillle Scientific). The online available software
ImageJ was used to quantify the density of the bands. The
expression of INTS6 and INTS6P1 was normalized to that
of beta-Actin (Abcam).

Luciferase Reporter Assay
Cells were seeded in 8,000/well onto 96-well plates
24 hours prior to transfection. Cells were transfected with
miR-17-5p mimic or NSM. 24 hours after transfection,
cells were co-transfected with constructed wild type or
mutated pGL4.13 vector (firefly luciferase) company with
internal control pRL-CMV (Renilla luciferase, Promega)
vector. 48 hours after plasmid vector transfection, the
luciferase reporter assay was performed using a DualLuciferase Reporter Assay System (Promega). After 48
hours, luminescence activity was measured by Veritas
Microplate Luminometer (Turner Biosystems), and the
luminescence activity of firefly luciferase is normalized to
that of Renilla luciferase.

Plasmid DNA Construction

Cell Growth Assay

MSCV-based bicistronic retroviral vector, MIEG3
was used to express INTS6P1 and INTS6 as described
previously [39]. The genomic DNA was extracted from
Huh7 cells and treated with RNase A (Thermo Scientific).
www.impactjournals.com/oncotarget

Cell growth assays were performed on Huh7 or
MHCC97H transfected with plasmid DNA or siRNA or
siRNA control. Cells were plated onto 24-well plates by
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or MIEG3-INTS6P1 or MIEG3-INTS6) at 1.0 μg/μl in
normal saline using an insulin syringe with a 28-gauge
needle. Electric pulse was delivered using an electric
pulse generator (CUY21- EDIT, BEX). The parameter
was set as follow: Volt: 100, P on: 050.0, P off: 950, No:
10. The shape of the pulse was a square wave, the voltage
remain constant for the duration of the pulse. A pair of
forceps like electrode (CUY650P3) was used to clamp
the tumor on both sides. Tumor size was measured using
Vernier Callipers (length and width). Tumor volume was
calculated according to the equation: L × W2/2 (mm3),
where L = length and W = width. The mice were sacrificed
in 30 days when the tumor sizes were significant different.
The tumors were extracted from the body and fix with 10%
formalin. The fixed tumors were sent to Pathology lab to
make the slides and follow with the H&E (hematoxyling
and eosin) staining.

transfecting plasmid DNA or siRNA or siRNA control. 6
hours later, cells were transferred in triplicates onto 96well plates at a final density of 10,000 cells/well (day 0),
counted daily for a total of 5 consecutive days (days 1-5)
using a hemocytometer and an inverted-light microscope.

Scratch Assay
Scratch assay was conducted on the Huh7 or
MHCC97H transfected plasmid DNA. Cells were plated
onto 24 well plates after transfected with plasmid DNA.
On the next day (day 0), when cells reached 100%
confluent, a straight line in the middle of each wells were
draw using sterile 200 μl tips. Cells were maintained in
completed media and maintain at 37°C in a humidified
atmosphere with 5% CO2. The wound healing was
analyzed under microscope on 24 hours and 48 hours post
scratch. The online available software ImageJ was used to
quantify the percentage of wound closure.

Bioinformatics

TUNEL Assay

The Ensembl (http://useast.ensembl.org/index.html)
was used to annotate the Gene ID: ENST00000504674
to INTS6P1 and obtained its cognate gene INTS6.
The University of California Santa Cruz Genome
Bioinformatics Genome Browser database (www.genome.
ucsc.edu) was used to search the whole sequence of
INTS6P1 and INTS6. NCBI Blast (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) was used to analyze the homology
between INTS6P1 and the ORF of INTS6. MiRcode
(http://www.miRcode.org/) was used to obtain the miRs
binding sites in INTS6P1 and the ORF of INTS6.

TUNEL assay was performed using an In Situ
Cell Death Detection Kit TMR Red (Roche). Cells were
processed according to the manufacturer. Briefly, 1X105
cells were cytospined to the slides. Cells were fixed with
4% Paraformaldehyde, then, permeated with 0.1% Triton
X-100 in 0.1% sodium citrate, then incubated at 37°C
with TUNEL mixture containing TMR-dUTP. Finally, the
cells were analyzed by fluorescence microscopy using an
excitation wavelength in the range of 526-560 nm.

Statistics

Subcutaneous Tumor Formation

The significance of coefficient correlation between
INTS6P1 and INTS6 expression values was calculated via
a test statistic based on Spearmen correlation coefficient.
Two-tailed Student’s t-test was used to evaluate the
statistical significance of differences between two groups
of data in luciferase assay, qRT-PCR, scratch assay,
and cell growth assay. The mean ± SD of three or more
independent experiments was reported. Differences were
considered significant when P < 0.05 (*), P < 0.01 (**).

MHCC97H cells were grown in 150mm dishes.
1x107 cells/mouse were re-suspended in 100 μl PBS+100
μl Matrilgel (BD). Cells were injected to the right flank
of 6 week old female nude mice (Harlan) to establish
subcutaneous tumors. The mice were maintained in
animal facility according to Johns Hopkins University
Animal Care and Use Committee. Once the tumor size
reached about 80 mm3, the mice were divided into 3
groups randomly, labeling EV (MIEG3), INTS6 (MIEG3INTS6) and INTS6P1 (MIEG3-INTS6P1) [41]. The mice
were maintained in animal facility according to The Johns
Hopkins University Animal Care and Use Committee.
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7900 HT Fast Real-time PCR System.

language? Cell 2011;146:353-8.
14. Karreth FA, Tay Y, Perna D, Ala U, Tan SM, Rust AG,
DeNicola G, Webster KA, Weiss D, Perez-Mancera PA,
Krauthammer M, Halaban R, Provero P, et al. In vivo
identification of tumor- suppressive PTEN ceRNAs in an
oncogenic BRAF-induced mouse model of melanoma. Cell
2011;147:382-95.

Competing interests
No conflicts of interest exist.

REFERENCES
1.

Farazi PA, DePinho RA. Hepatocellular carcinoma
pathogenesis: from genes to environment. Nature reviews.
Cancer 2006;6:674-87.

2.

Arzumanyan A, Reis HM, Feitelson MA. Pathogenic
mechanisms in HBV- and HCV-associated hepatocellular
carcinoma. Nature reviews. Cancer 2013;13:123-35.

3.

Huang J, Deng Q, Wang Q, Li KY, Dai JH, Li N, Zhu
ZD, Zhou B, Liu XY, Liu RF, Fei QL, Chen H, Cai B,
et al. Exome sequencing of hepatitis B virus-associated
hepatocellular carcinoma. Nature genetics 2012;44:111721.

4.

15. Tay Y, Kats L, Salmena L, Weiss D, Tan SM, Ala U,
Karreth F, Poliseno L, Provero P, Di Cunto F, Lieberman
J, Rigoutsos I, Pandolfi PP. Coding-independent regulation
of the tumor suppressor PTEN by competing endogenous
mRNAs. Cell 2011;147:344-57.
16. Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ,
Pandolfi PP. A coding-independent function of gene and
pseudogene mRNAs regulates tumour biology. Nature
2010;465:1033-8.
17. Kalyana-Sundaram S, Kumar-Sinha C, Shankar S, Robinson
DR, Wu YM, Cao X, Asangani IA, Kothari V, Prensner
JR, Lonigro RJ, Iyer MK, Barrette T, Shanmugam A, et al.
Expressed pseudogenes in the transcriptional landscape of
human cancers. Cell 2012;149:1622-34.

Li M, Zhao H, Zhang X, Wood LD, Anders RA, Choti
MA, Pawlik TM, Daniel HD, Kannangai R, Offerhaus
GJ, Velculescu VE, Wang L, Zhou S, et al. Inactivating
mutations of the chromatin remodeling gene ARID2 in
hepatocellular carcinoma. Nature genetics 2011;43:828-9.

5.

Zhang Z. Genomic landscape of liver cancer. Nature
genetics 2012;44:1075-7.

6.

Thorgeirsson SS, Lee JS, Grisham JW. Functional genomics
of hepatocellular carcinoma. Hepatology 2006;43:S145-50.

7.

Szabo G, Bala S. MicroRNAs in liver disease. Nature
reviews. Gastroenterology & hepatology 2013;10:542-52.

8.

Batista PJ, Chang HY. Long noncoding RNAs: cellular
address codes in development and disease. Cell
2013;152:1298-307.

9.

Quagliata L, Matter MS, Piscuoglio S, Arabi L, Ruiz C,
Procino A, Kovac M, Moretti F, Makowska Z, Boldanova
T, Andersen JB, Hammerle M, Tornillo L, et al. lncRNA
HOTTIP / HOXA13 expression is associated with disease
progression and predicts outcome in hepatocellular
carcinoma patients. Hepatology 2013.

18. D’Errico I, Gadaleta G, Saccone C. Pseudogenes in
metazoa: origin and features. Briefings in functional
genomics & proteomics 2004;3:157-67.
19. Poliseno L. Pseudogenes: newly discovered players in
human cancer. Science signaling 2012;5:re5.
20. Filleur S, Hirsch J, Wille A, Schon M, Sell C, Shearer
MH, Nelius T, Wieland I. INTS6/DICE1 inhibits growth
of human androgen-independent prostate cancer cells by
altering the cell cycle profile and Wnt signaling. Cancer cell
international 2009;9:28.
21. Hernandez M, Papadopoulos N, Almeida TA. Absence of
mutations in DICE1/DDX26 gene in human cancer cell
lines with frequent 13q14 deletions. Cancer genetics and
cytogenetics 2005;163:91-2.
22. Li WJ, Hu N, Su H, Wang C, Goldstein AM, Wang Y,
Emmert-Buck MR, Roth MJ, Guo WJ, Taylor PR. Allelic
loss on chromosome 13q14 and mutation in deleted in
cancer 1 gene in esophageal squamous cell carcinoma.
Oncogene 2003;22:314-8.

10. Xu D, Yang F, Yuan JH, Zhang L, Bi HS, Zhou CC, Liu F,
Wang F, Sun SH. Long noncoding RNAs associated with
liver regeneration 1 accelerates hepatocyte proliferation
during liver regeneration by activating Wnt/beta-catenin
signaling. Hepatology 2013;58:739-51.

23. Wieland I, Ropke A, Stumm M, Sell C, Weidle UH,
Wieacker PF. Molecular characterization of the DICE1
(DDX26) tumor suppressor gene in lung carcinoma cells.
Oncology research 2001;12:491-500.
24. Saijilafu, Hur EM, Zhou FQ. Genetic dissection of axon
regeneration via in vivo electroporation of adult mouse
sensory neurons. Nature communications 2011;2:543.

11. Wang J, Liu X, Wu H, Ni P, Gu Z, Qiao Y, Chen N, Sun F,
Fan Q. CREB up-regulates long non-coding RNA, HULC
expression through interaction with microRNA-372 in liver
cancer. Nucleic acids research 2010;38:5366-83.

25. Maass PG, Luft FC, Bahring S. Long non-coding RNA in
health and disease. J Mol Med (Berl) 2014.

12. Mercer TR, Dinger ME, Mattick JS. Long non-coding
RNAs: insights into functions. Nature reviews. Genetics
2009;10:155-9.

26. Wu J, Qin Y, Li B, He WZ, Sun ZL. Hypomethylated
and hypermethylated profiles of H19DMR are associated
with the aberrant imprinting of IGF2 and H19 in human
hepatocellular carcinoma. Genomics 2008;91:443-50.

13. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A
ceRNA hypothesis: the Rosetta Stone of a hidden RNA
www.impactjournals.com/oncotarget

27. Lai MC, Yang Z, Zhou L, Zhu QQ, Xie HY, Zhang F,
5676

Oncotarget

Wu LM, Chen LM, Zheng SS. Long non-coding RNA
MALAT-1 overexpression predicts tumor recurrence
of hepatocellular carcinoma after liver transplantation.
Medical oncology 2012;29:1810-6.

38. Chen L, Jiang M, Yuan W, Tang H. miR-17-5p as a novel
prognostic marker for hepatocellular carcinoma. Journal of
investigative surgery : the official journal of the Academy
of Surgical Research 2012;25:156-61.

28. Braconi C, Kogure T, Valeri N, Huang N, Nuovo G,
Costinean S, Negrini M, Miotto E, Croce CM, Patel
T. microRNA-29 can regulate expression of the long
non-coding RNA gene MEG3 in hepatocellular cancer.
Oncogene 2011;30:4750-6.

39. Olaru AV, Ghiaur G, Yamanaka S, Luvsanjav D, An F,
Popescu I, Alexandrescu S, Allen S, Pawlik TM, Torbenson
M, Georgiades C, Roberts LR, Gores GJ, et al. MicroRNA
down-regulated in human cholangiocarcinoma control
cell cycle through multiple targets involved in the G1/S
checkpoint. Hepatology 2011;54:2089-98.

29. Ishibashi M, Kogo R, Shibata K, Sawada G, Takahashi
Y, Kurashige J, Akiyoshi S, Sasaki S, Iwaya T, Sudo T,
Sugimachi K, Mimori K, Wakabayashi G, et al. Clinical
significance of the expression of long non-coding RNA
HOTAIR in primary hepatocellular carcinoma. Oncology
reports 2013;29:946-50.

40. Seraphin B, Kandels-Lewis S. An efficient PCR
mutagenesis strategy without gel purification [correction of
“purificiation”] step that is amenable to automation. Nucleic
acids research 1996;24:3276-7.
41. Yamashita YI, Shimada M, Hasegawa H, Minagawa R,
Rikimaru T, Hamatsu T, Tanaka S, Shirabe K, Miyazaki JI,
Sugimachi K. Electroporation-mediated interleukin-12 gene
therapy for hepatocellular carcinoma in the mice model.
Cancer research 2001;61:1005-12.

30. Hirotsune S, Yoshida N, Chen A, Garrett L, Sugiyama
F, Takahashi S, Yagami K, Wynshaw-Boris A, Yoshiki
A. An expressed pseudogene regulates the messengerRNA stability of its homologous coding gene. Nature
2003;423:91-6.
31. Camargo AA, Nunes DN, Samaia HB, Liu L, Collins VP,
Simpson AJ, Dias-Neto E. Molecular characterization
of DDX26, a human DEAD-box RNA helicase, located
on chromosome 7p12. Brazilian journal of medical and
biological research = Revista brasileira de pesquisas
medicas e biologicas / Sociedade Brasileira de Biofisica ...
[et al.] 2001;34:1237-45.
32. Wieland I, Arden KC, Michels D, Klein-Hitpass L, Bohm
M, Viars CS, Weidle UH. Isolation of DICE1: a gene
frequently affected by LOH and downregulated in lung
carcinomas. Oncogene 1999;18:4530-7.
33. Wieland I, Sell C, Weidle UH, Wieacker P. Ectopic
expression of DICE1 suppresses tumor cell growth.
Oncology reports 2004;12:207-11.
34. Ropke A, Buhtz P, Bohm M, Seger J, Wieland I, Allhoff
EP, Wieacker PF. Promoter CpG hypermethylation and
downregulation of DICE1 expression in prostate cancer.
Oncogene 2005;24:6667-75.
35. El Tayebi HM, Omar K, Hegy S, El Maghrabi M, El Brolosy
M, Hosny KA, Esmat G, Abdelaziz AI. Repression of miR17-5p with elevated expression of E2F-1 and c-MYC in
non-metastatic hepatocellular carcinoma and enhancement
of cell growth upon reversing this expression pattern.
Biochemical and biophysical research communications
2013;434:421-7.
36. Zheng J, Dong P, Gao S, Wang N, Yu F. High expression of
serum miR-17-5p associated with poor prognosis in patients
with hepatocellular carcinoma. Hepato-gastroenterology
2013;60:549-52.
37. Yang F, Yin Y, Wang F, Wang Y, Zhang L, Tang Y, Sun
S. miR-17-5p Promotes migration of human hepatocellular
carcinoma cells through the p38 mitogen-activated protein
kinase-heat shock protein 27 pathway. Hepatology
2010;51:1614-23.

www.impactjournals.com/oncotarget

5677

Oncotarget

IMAGE OF THE ISSUE

DOI: http://dx.doi.org/10.15403/jgld-419

A Rare Case of Ciliated Foregut Cyst of the Common Hepatic
Duct
Roxana Zaharie, Emil Mois, Nadim Al Hajjar, Claudiu Zdrehuș, Ioana Rusu, Florin Zaharie
Iuliu Hațieganu University of Medicine and Pharmacy, Regional Institute of Gastroenterology and Hepatology, Cluj-Napoca, Romania

A 56-year old female was referred for pain in the right
hypochondrium and epigastric area with associated jaundice.
The blood analysis detected hyperbilirubinemia (total
bilirubin of 12.7 mg/dL with conjugated bilirubin of 11.27
mg/dL) with moderate cholestasis. Magnetic resonance
cholangiopancreatography (MRCP) showed a cystic
lesion with a diameter of 3 cm which communicated with
intrahepatic biliary ducts at the level of the hepatic hilum
(Fig. 1). The patient underwent central intrahepatic resection
of the cyst, the hepatocholedoc duct and the gallbladder.
A Roux-en-Y hepaticojejunostomy was performed. The
microscopic examination showed that the cyst was lined with
ciliated, pseudostratified epithelia, typical for respiratory type
mucosa (Fig. 2, H&E 10x). The epithelial lining demonstrated
positivity for cytokeratin 7 (CK7). The common hepatic
duct associated epithelial erosions (Fig. 3, H&E 10x, arrow)
and focal lesions of BilIN1 (low grade biliary intraepithelial
neoplasia).
Foregut cysts are lesions arising from multipotent cells
localized ectopically, with cystic appearance. They can be
situated anywhere in the respiratory or digestive system, with
a predilection for the structures situated above the diaphragm.
The epithelial lining of these lesions can be of respiratory,
gastric, intestinal or squamous type or combinations of those.
Ciliated foregut cysts located below the diaphragm are rare,
more frequently described in the liver [1, 2], pancreas [3]
and gallbladder [4], with very scarce literature for foregut
cysts located at the level of the common hepatic duct [5, 6].
Type II choledochal cyst is the main differential diagnosis of
a foregut cyst.
Ciliated foregut cysts are generally considered benign
(in contrast with type II choledochal cysts that have the
risk of malignant transformation) and surgical resection is

recommended mainly to relieve the patients symptoms due
to the intermittent biliary obstruction.
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