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Tumors originating from the bile ducts represent a
challenge to the radiologist for diagnosis and treatment.

Most tumors originating from the bile ducts are malignant.
Main epithelial types are adenocarcinoma, squamous cell and
undifferentiated carcinoma. Non epithelial malignant tumors
are rare and include myoblastoma, embryonary rhabdomy-
osarcoma, carcinosarcoma, hematopoietic and lymphoid
tumors, and other non classified tumors (1).

Benign tumors of the bile ducts are occasionally
documented and are predominantly papillary adenoma.
Pseudotumoral lesions are more frequent than benign
tumors, including adenomyomatosis, proliferating glandular
cholecystitis, fibroxanthogranuloma, polyps, heterotopia and
inflammatory pseudo-tumors as seen in longstanding cholan-
gitis or in HIV infection.

A. DIAGNOSIS OF BILIARY TUMORS

For practical purposes, biliary tumors are divided in this
chapter according to their location into intrahepatic, gallblad-
der, choledochal and ampuliary lesions.

I. TUMORS ARISING FROM THE INTRAHEPATIC BILE
DUCTS
Two different types of tumors are described: intrahepatic
cholangiocarcinoma and biliary cystadenocarcinoma.

1) INTRAHEPATIC CHOLANGIOCARCINOMA

Location in intrahepatic bile ducts accounts for 10% of all
cholangiocarcinoma. (2) The tumor is more frequent in Asia
and associated with chlonorchis Sinensis. It rarely develops




in a cirrhotic liver, but is often associate_d
with hepatocarcinoma. A typical pathologi-
cal feature is cholangiocarcinoma inside an
hepatocarcinoma suggesting “metastasis
within a tumor” (3). Histological diagnosis
differentiates mucinus cholangiocarcinoma,
adenosquamous, squamous and the squam-
ous mucoid type as for the extrahepatic
location (1). Radiologically, intrahepat!c
cholangiocarcinoma presents as an hepatic
tumor. Occasionally calcifications are seen
on plain films. Ultrasound usually shows a
homogenous hyperechoic mass, C.T. a hy-
podense tumor (4). Angiography reveals a
variable vascularity. A predominant hyper-
vascular pattern is seen, when hepatocar-
cinoma is associated.

No radiological examination enables a
specific diagnosis. Percutaneous biopsy of
the liver guided by U.S. or C.T. can fail to
establish the correct diagnosis. Intrahepatic
cholangiocarcinoma is more easily differen-
tiated from hepatocarcinoma than from
metastatic adenocarcinoma.

2) BILIARY CYSTADENOCARCINOMA

This type of tumor is rare, compared to
benign biliary cysts, which are regularly
identified during hepatic screening with U.S.
or C.T. Congenital polycystic disease of the
liver may degenerate into malignant tumor
in 1.3% (5).

Cystadenocarcinoma is the malignant
type of cystadenoma and presents as a
cystic tumor of medium to large size, often
multilocular (6). Multiple tumor foci thicken
the cystic wall. Intracystic septae are com-
mon. Aspiration of a mucoid or haemor-
rhagic content should raise the suspicion of
cystadenocarcinoma (Fig. 1).

U.S. usually evidences much better a focal
thickening of the cystic wall and septae than
C.T., but in large tumors, U.S. should be
repeated after partial aspiration of fluid to
enable more precise imaging of the cystic
wall. Small tumor deposits and thin septae
may totally escape a well conducted C.T.
examination. This means that cystic lesions
in the liver exceeding 5 cm in diameter
should be aspirated with U.S. or C.T. gui-
dance and routine cytology should be ob-
tained if a secure diagnosis of the lesion has
not been established, if the patient is symp-
tomatic, if malignancy is suspected or if a
recent increase of volume of the lesion has

been documented. Radiologically, differen-
tial diagnosis includes benign cystadenoma,
biliary cyst, necrotized metastasis following
chemotherapy, ecchinococal cyst, chronic
hematoma and abscess.

Il. TUMORS ARISING FROM THE GALL-
BLADDER

Carcinoma of the gallbladder accounts for
47% (7) to 81% (8) of cancer in the biliary
system and for 3% to 6% of cancer in
humans. It is the sixth most frequent cancer
in the digestive tract. Carcinoma of the
gallbladder is disclosed in 0.8% to 4.5% of
biliary surgery, 0.2% to 1% are discovered at
autopsy (7-10). Association with gallstones
is usual and occurs in 65% (11) to 80% (12).
Sex ratio male/female is 1:3-4. Maximum
frequency occurs in the 6th decade of life
(11).

Histological grading (13) recognizes well
differentiated (grade 1), poorly differentiated
(grade Il) and undifferentiated adenocar-
cinoma (grade Ill). Other histological types
are rare. Prognosis of gallbladder cancer is
related to the extent of the disease (13).
Tumor limited to the mucosa (stage 1) and
the submucosal layer (stage ll) are usually
diagnosed incidentally on the cholecystec-
tomy specimen. Survival reaches 100% at 5
years. Surgical techniques include resection
of the liver segment adjacent to the gallblad-
der fossa to prevent Iymphatic or
hematogenous metastatic spread to the liv-
er. Tumour invasion of the muscular layer of
the gallbladder (stage lll) is related to a
survival at 5 years of only 5%. Stade IV is
defined by involvement of the lymph nodes
surrounding the cystic duct and stade V by
liver invasion or distant metastases. Mean
survival of these patients is generally less
than 1 year, and no patient lives longer than
5 years. In stages | to lll, the diagnosis is
usually established peroperatively or post-
operatively, although U.S. and more rarely
C.T. may reveal a focal wall thickening or a
small mass within the gallbladder.

In stage IV and V, obstructive jaundice is
the rule, and a mass can be evident clinically
and/or radiologically. Gallbladder carcino-
ma is strongly suggested by U.S. and C.T.,
when the normal gallbladder is obscured by
a mass, invading the upper part of the porta
hepatis, or when biliary obstruction is pre-
sent at the level of the liver hilum or when



the tumor directly invades the quadrate lobe
of the liver.

Percutaneous biopsy should be per-
formed with U.S. or C.T. guidance to confirm
malignancy whenever a tumor is visible, as
only palliative biliary drainage is considered
in patients with advanced disease (Fig. 2).
Biliary obstruction at the liver hilum is best
drained by a bilateral transhepatic ap-
proach. Retrograde endoscopic placement
of an endoprosthesis may fail for both lobes
or for one lobe, when the stenosis is tight
and/or when major distorsion of the biliary
anatomy is present at the hilum.

lil. TUMORS ARISING FROM THE

CHOLEDOCHUS

Cholangiocarcinoma accounts for 10% to
44% (10) of cancers located in the biliary
system. 0.05% to 0.1% are discovered at
autopsy. The choledochus is involved in
41%, the hepatico-cystic junction in 27% and
the hepatic duct in 16%. The tumor is lo-
cated at the liver hilum in 11%, it grows from
the cystic duct in 5% (14, 15). Sex ratio male/
female is 3-4 :1, maximum frequency occurs
in the 5th to 7th decade of life. Patients with
longstanding chronic biliary obstruction are
at a particular risk: choledochal cysts con-
taining calculi may degenerate in 4.2% to 7%
(16) and twenty cases of cholangiocarcino-
ma associated with Caroli disease have been
described (17). Tumor growth is usually slow
and limited to a local spread. As the infiltrat-
ing type is predominant, tumor volume is
reduced, but progression of the disease
rapidly causes biliary obstruction. Diagnosis
is confirmed by percutaneous transhepatic
or endoscopic opacification of the bile
ducts, showing either complete obstruction
or a stenosis or a protruding endoluminal
mass (18). U.S. and C.T. are essential to
stage the disease, but precise location, ex-
tent in length and severity of biliary obstruc-
tion are best evidenced by opacification of
the bile ducts. Patients presenting with
tumor growth into the liver hilum (Bismuth
type I, IV) are best evaluated preoperatively
by percutaneous transhepatic cholangiogra-
phy. The bile ducts of all hepatic segments
should be filled with contrast for proper
therapy planning. Several fine needle punc-
tures of both lobes of the liver may be
required. Progress in biliary surgery has
shown an increased survival after extensive
resection of the tumor above the liver hilum,

with a low operative mortality (19). Palliative
biliary drainage combined with intraductal
irradiation is an alternative for inoperable
patients (20). Patients with advanced dis-
ease or who are unfit to undergo surgery can
still benefit from the placement of one or
several biliary endoprostheses. Differential
diagnosis includes gallbladder carcinoma,
metastases to the porta hepatis and benign
inflammatory strictures of the bile ducts.
Obstruction at the liver hilum may also be
caused by an intrahepatic tumor extending
to the hilum. Endocholedochal extension of
hepatocarcinoma has also been reported. A
tissue diagnosis can be obtained by a per-
cutaneous approach under fluoroscopy gui-
dance during opacification of the bile ducts
(21,22, 23) or endoscopically. U.S. (24) is
helpful in guiding percutaneous biopsy of
the extrahepatic bile ducts, angiography (25)
is only rarely used.

IV. TUMORS ARISING FROM THE AM-
PULLA

90% (8) to 98% (26) of tumors originating
from the ampulla are malignant. They
account for 9% of cancer in the biliary
system (8), 0.02% to 0.2% of cancer in
humans and 2% of cancer in the digestive
tract (27, 28).

When the tumor is limited to the ampulla
or protruding in the duodenal lumen without
local invasion (stage I) a 5 years’ survival of
80% may be expected. Tumors infiltrating
the mural layers of the duodénum (stage i
and Ill) carry a survival rate at 5 years of 20%
to 40%. 11% of patients with a regional
tumor spread (stage IV) survive at 5 years
(29). Surgical classification (30) disting-
uishes tumors with an intraduodenal loca-
tion (75%) (Blumgart type 1), tumors located
in the ampulla (Blumgart type Il) and tumors
which are infiltrating and polymorph (Blum-
gart type lll). Type ! has a 25% survival rate at
5 years, type Il and Ill of only 5% at 5 years.
Diagnosis is mainly obtained by endoscopy,
during brush, forceps and snare biopsy in-
cluding sampling inside a previous sphinc-
terotomy. Radiological upper G.I. series are
of limited help. Endoscopic retrograde
cholangiography and wirsungography are
essential. Percutaneous transhepatic
cholangiography is indicated when endos-
copy fails. C.T. and arteriography are only
part of preoperative staging.




B. BIOPSY TECHNIQUES IN
DUCTS

Intrahepatic tumors originatin
bile ducts and invasive gallblad
are mainly diagnosed by percutar
sy as any other upper abdominal
U.S. or C.T. guidance. Tumors a
the choledochus are usually r
diameter and not well shown ol
C.T. Therefore, they are biops
endobiliary approach, either perc
or endoscopically or by a per
extrabiliary approach during per
transhepatic or endoscopic
opacification of the bile ducts
fluoroscopy is optimal for conti
progression of the needle duri
cutaneous transvisceral approact
easy to be performed. Puncture of
vein is avoided by lateral fluorosct
monitors progression in depth of t
the patient remains in a supine
Turning the patient with the biof
during a transabdominal biopsy ¢
a catastrophic tear of the portal vei
biliary drainage catheter or a bili
prosthesis has been placed previc
cutaneous biopsy is more easily gt
with a biliary opacification alone (3
The contact of the tip of the need]
wall of the catheter indicates opt
tion in depth of the needle. Intra
bleeding from multiple puncture
portal vein is a potential complic:
peritonitis or biloma resulting fronm
tant bile leakage, septicemia foll:
peated transvisceral punctures ar¢
less severe possible side effects. |
seeding is extremely rare, provide
gauge biopsy needle is used and th

BIOPSY IN THE B

Endoscopical Diagnosis

- biliary and pancreatic
aspiration cytology
LEMON
ENDO (n=22)
KAMEYA (n=17)
- brush cytology
OSNES (n=27)
~ transpapillary biopsy
SEIFERT (n=10) {
— transduodenal biopsy
TSUHIYA (n=8) ¢



THE BILE of passes is limited. The biopsy needles used
should have a sufficient flexibility and

) from the should not exceed 1 mm in diameter. Exces-
er cancer sive up and down movements of the needle
eous biop- have to be avoided during sampling, when
tumor with the tumor volume is reduced, as the needle
ising from tip easily slips out of the tumor. When the
2duced in biliary system is obstructed, percutaneous
1 U.S. and biopsy should be performed only when ade-
ed by an quate drainage will immediately follow the
itaneously procedure. Endobiliary fluid or tissue sampl-
cutaneous ing can be performed endoscopically or
sutaneous percutaneously under fluoroscopy control.
‘etrograde The percutaneous biliary drainage catheter
Biplanar is removed and a brush biopsy device is
olling the introduced over the guide wire to the level of
1g a per- obstruction (32, 33) (Fig. 4). In all circum-
, which is stances and particularly following the es-
the portal tablishment of a percutaneous internal bili-
py, which ary drainage, bile can be aspirated through
1e needle, the drainage catheter or collected over sev-
position. eral hours for cytological examination. En-
sy needle doscopic diagnostic procedures include as-
an lead to piration of duodenal fluid around the papilla,
n. When a inside the papilla and the choledochus. Ex-
ary endo- cretion of malignant cells and preservation
usly, per- of the cytological material can be improved
ided than by irrigation of the bile ducts with saline (34),
1) (Fig. 3). stimulation with cholecystokinin, mag-
2 with the nesium sulfate and secretin (35). Endos-
mal posi- copic tissue sampling is performed with a
)eritoneal brush, a forceps or a snare. Deep transmural
s of the duodenal biopsy and deep biopsy inside a
tion. Bile previous sphincterotomy are valuable
a persis- techniques.
wing re-
. more or C. RESULTS
Aalignant Positive results obtained by endoscopic
1 a small and percutaneous techniques are listed in
2 number Table 1.

ILIARY SYSTEM: POSITIVE RESULTS
Percutaneous Diagnosis
— extrabiliary biopsy

EVANDER (n=19) 53% (25)
5% (34) CHITWOOD 66% (23)
6% (39) BRET 50% (44)
"1% (40) DONDELINGER (n=19) 68%

— endobiliary cytology

4% (41) HARREL (n=19) 47% (45)

DONDELINGER (n=16) 50%
0% (42) MURO (n=100) 34% (46)

— endobiliary biopsy
7% (43) BRET (n=17) 72% (47)
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Endobiliary cytology obtained by aspira-
tion of bile has the poorest results but is the
most simple technique and should be part of
nasobiliary and percutaneous bile drainage.

Endobiliary biopsy seems to be the opti-
mal technique and superior to a percutane-
ous extrabiliary approach. Combination of
cytological smears and histological speci-
mens should be obtained in order to in-
crease diagnostic accuracy (36). Results of
biopsy can be improved by direct endos-
copic vision or percutaneous choledoscopy
(37, 38) allowing precise sampling with a
forceps or a snare. Small caliber endos-
copes (Visicath, Microvasive, USA, milford,
MA) are now available and can be intro-
duced through standard biliary drainage
catheters.

Endobiliary endoscopy is useful to
differentiate pseudotumoral radiological de-
fects in the bile ducts due to stones, sludge,
clots, foreign bodies or even air bubbles
(38).

Endoscopic intrabiliary cytology has a
higher yield than duodenal or ampullary
fluid aspiration and is superior to percutane-
ous bile aspiration, but the most frequent
pathological conditions considered for en-
doscopy are pancreatic and ampullary le-
sions. Percutaneous techniques, however,
also include tumors located at the mid
choledochus and at the liver hilum. Bile
cytology is limited by the fact that malignant
cells may not be detached and released in
the biliary flow without previous brushing.
Fungating tumors are more prone to detach
cells in the lumen than infiltrating neo-
plasms. Bile salts and acids are responsible
for alterations of the detached cells. False
positive results may account for 2-4%. The
results of fine needle biopsy are limited by
several factors: biliary neoplasms are
difficult to be separated from pancreatic
cancer, inflammatory infiltrates from dys-
plasia, and dysplasia from a well differenti-
ated adenocarcinoma.

CONCLUSION

Biopsy procedures are an integrated part
of radiological imaging and endoscopic in-
spection of the bile ducts. A palliative treat-
ment as the insertion of an endoprosthesis
should only be considered in patients unfit

for potential curative surgery, in whom
malignancy has been definitively established
by cytology and/or histology.

No conclusions should be drawn from an
uncertain or negative cytological or his-
tological result. Endoscopic and percutane-
ous biopsy techniques carry a negligeable
number of complications.
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Figure 2 A:

77-year-old male, obstructive jaundice. US

12

shows gallbladder carcinoma, tumor
invasion of the porta hepatis and a dilated
choledochus.

Figure 1 A:

85-year-old male. CT:large cystic
hepatic tumor with slight thickening
of the anterior wall.

Figure 1 B:

Percutaneous aspiration reveals
haemorrhagic fluid and multiple
loculations also evidenton U.S.
Histological diagnosis on
percutaneous biopsy: biliary
cystadenocarcinoma.




uovent

fenoterol +

BRONCHODILATATION EQUILIBREE

L]
BOEHRINGER
INGELNELM
441/B/frz



fenoterol + ipratropium

le bronchodilatateur & double action

Composition
Une bouftée contient 0.1 mg de bromhydrate de tenoterc! et 0,04 mg de
bromure d'ipratropium.

Propriétés
Lef

! est un bronch ytique p t it les récep
béta-2-adrénergiques. Il agit sélecivement au niveau de |a musculature bron-
chigue et utérine Ses eflets cardio-vasculaires sont faibles. De plus.le feno-
terol stimule le transport mucociiaire et exerce un effet anti-allergique. En
inhalation par aérosol-doseur (Berotec®). 12 dose unitasre recommandée esl
de 0.2 mg (C’est-a-dire une boufiée).

L'ipratropium est un bronchospasmolylique 3 eflet parasympathicolytiaue Qué;
inhibe la bronchoconstnction réfiexe induite par te vague ; z:ontvanemelr'nld

I'atropine. 1"pratropium n'agit pas au niveau du sysleme nerveux central, du
fail de la presence dans sa structure chimique d'un groupe{nem ammorium
quaternaire. Par inhalation, une trés faible gose suffit pour reladcherjamuscula-

Effets secondaires 5

Au dosage recommandé, on ne constate qu'exceplionnellement des effets
secondaires de type sympathicommmehique el praliquement aucun effet
secondaire de nature anlicholinergique.

A dose élevée, ou chez des palients présentant une sensibilité particuhére
aux sympathicomimetiques, on pourra observer des trembiements digitaux.
des palpitations ou de l'agitation.

Rarement. on voil survenir, a titre de réaction locale. une sécheresse buccale
ou. en cas de projection dans les yeux. des troubles modéres etréversibles de
l'accommodation visueile

Surdosage et antidote

En cas dintoxication par une dose massive. les symptdmes principaux de sur-
sont ent de e sympat éligue. On adm-

nistrera dés lors en lant qu'antidote spécifique une subslance béta-lyuque

Dans ce cas. Il faut toulefois prendre en considération I'éventuakleé d'une

>n de obslruction bronchigue chez des patients souffrant d'une

g \
ture bronchique (la dose unitaire déliviée par I'a-rosol-doseur a'A : esl
de 0.02 mg et la dose recommandée (en 1 fois) est de 0.04 mg) ; une telle
dose ninduit pas d'effets secondares systémigues de lype anncholmerg‘nqpuae

alfection bronchospastique

tels que sécheresse buccale ou troubles de I'acco dation 1l
alleurs, elle est sans influence sur la sécrétion bronchique et 1a fonclion
mucociliaire. D'autre part. lorsqu'on en accroit les doses. Ipratropium dispose
encore d'une marge de secunté particuliérement élendue

Le Duovent associe le lenoterol et Ipratropium ftet
Grace a leur mode d'action différent, chacun des composants exerce un effe!
complémentaire . ~
En pathologie bronchique. il en résulte un élargissement du spectre therapeu-
tique de la medication et une diminution du laux de non-répondeurs a
chacune des composantes. En effet, le bionchospasme peut étre influence
quet qu'en soit le inécamisme : sympathique ou pafa-sympathique. allergique
ou non....

La présence de fenoterol se traduit par une entrée en action immediate de
I'effel bronchodilatateur, qui apparaitrait plus lentement sous \pratropium seu!
La durée de l'effet therapeutique vane enlre 4 et 8 heures. en fonction du
degré de sé des bronchosg X

Des éludes de pharmacologie animale ont montré que le rapport optimal
des 2 drogues dans I'associalion est de 2.5 pour le fenoterol et de 1 pour
Ipratropium.

L'aérosol-doseur de Duovent delivie par boulfée : 0.100 mg de fenoterol el
0.040 mg d'ipratropium X .,
Ainsi, I'adjonction d'ipratropium au fenoterol permet une réduction de moitié
du dosage du fenoterol habituellement admus, touten garantissantie maintien
d’un effet thérapeutique au mons équivalent X

Il en resuite ausst une diminulion de !a fréquence et de lntensite des effets
secondarres du fenoterol

Indications

- Traitemen! ou prévention du bronchospasme dans les bronchopneumopa-
thies obstruclives. telles que I'asthme bronchigue. 1a bronchite chromique,
I'emphyseme pulmonaire. les pneumoconioses )
Pré-tratement (ouverture des voies respiraloires) avant I'nhalation d'aéro-
sols d'antibiotigues. de mucolytiques, de costicostéroides, de cromogly-
cate disodique ou de dénves de la théophylline

Contre-indications

Thyréotoxicose

Stenose hypertrophique 1diopathique subaortique.
Hypertrophie prostatique

Précautions particuliéres

On utilisera le Duovent avec prudence dans les alfections cardiaques accom-
pagnees de tachycardie ou de tachyarylhmies On évitera 1a prescniphon
simultanée d'aulres substances sympathicomimetiques

Utilisation au cours de la grossesse

Bien gu'aucun elfet detetére ne soit apparu chez 'ammal, on évitera par pnn-
cipe d'administret le Duovent durant les trois premiers mois de la grossesse
Au cours de la pénode préecédantimmediatementl'accouchement. Il convient
ae tenir compte du tait gue le fenoterol exerce égatement un effet tocolyigue

N
olll

BOEHRINGER
INGELHEIM

Adultes et entants au-dessus de 6 ans : 1 boullée. 3 repéter éventueltement
:g:lés S e L mhalalion u'u",e telle dose peut élre pratiquée a nlervalles
de 4 a4 6 heures en moyenne . I'on ne dépassera pas une dose totale dge
6 coubles boulfées réparties sur 24 heutes Comme dose d'entretien
moyenne. on administrera 1 ou 2 boutfées 3 a 4 fors par jour
L'administration aux enfants se fera sous la sutveillance d'un adulte

de d’emplol .

'|onnlever Ig capuchon de protection de I'embout plastique

2. Agiler I'appareil (vor schéma) avanlt qhaque emplo

3 Prendre 'apparen entre deux doigls - 11ndex sut le tond de 1a cartouche en
aluminium et le pouce surfembout Lafleche del'éliquette estains: dingee
vers le haut

4. Expwer a fond

5 Semer I'embout plastque avec tes leévres (voir schema)
tnspirer par Ia bouche le plus pvofondemgnl possible tout en exercant une
pression suf le fond en aluminum de l'apparel 1l y a ibeération d'une
bouflée d'aérosol. Retenir 1a respiration quelgues secondes

7 Retirer I'embout de 1a bouche, puis expirer lentement

8 Remetlre le capuchon de protection

Buon egrer avert
raave empo

L'opacité du flacon ne permet pas de contrdler le niveau duliquide Aussifaut-
1l Fagiter pour en veérihier la présence Dés qu'il parait vide. 1a soupape peut
encore fonctionner etlicacement une dizaine de 19.5

L'embout buccal doit étre conservé dans un parfast état de proprete Il peut étre
nettoyé tacilement 4 'eau chaude savonneuse et ince a I'eau clare
L'aérosol-doseur de Duovent est sous pression . il ne peut élre ouvert avec
violence ni exposé a des températures supeneures a 50 °C

Présentation
Aérosol-doseur - cartouche avec embout buccal contenant 30 mg de fenoterol
et 12 mg de bromure d'ipratropium {300 doses)

Validité

2 ans

Formule

(81)-3u-hydroxy-8-1sopropyl-1aH. SaH-tropaniumbromid (+)-tropasmono
hydras 0.012 1-(3.5-dshydroxyphenyl)-2-[[1-(4-hydroxybenzyl)-aethyl]-
amino]-aethanol hydrobromid 0.03 g-Sorbitan trioleas-Monofluorotnichloro-
methan -Difluorodichloromethan -Tetrafluorodichloroaethan qs pro 15 mi
(= 300 boulfées dosées)

n.v. Boehringer Ingelheim s.a.
rue du Collége St-Michel 17
1150 Bruxelles — Tél. 02/762 56 55



Figure 3 A:

Percutaneous biopsy of a stenosis of the
upper choledochus. Biplanar fluoroscopy
control during opacification of the drainage

catheter allows exquisite biopsy needle
position.

Figure 2 B:

CT: Tumor invasion of the liver hilum
— Percutaneous biopsy confirms
gallbladder carcinoma.

Figure 2 C:

Percutaneous placement of two Wallstent 12
mm endoprostheses (Medinvent,
CH-Lausanne) for palliative biliary drainage.
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Figure 3 B:

Percutaneous biopsy of a stenosis of the
upper choledochus. Biplanar fluoroscopy
control during opacification of the drainage
catheter allows exquisite biopsy needle
position.

Fi 4A:
L LLLCTCCCC PP portner— Koolpe biliary biopsy set
[ I 21 1 (cook-usA, Bloomington)

Figure 4 B:

Percutaneous endobiliary biopsy
over the guide wire placed in the bile
ducts of the right lobe.
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ABSTRACT

Human spleen cells were immunized in vitro with bovine
thyroglobuline and fused with a non-secreting mouse
myeloma line. Antibovine thyroglobuline hetero-hybridomas
were regularly obtained. Some hetero-hybridomas were
cloned by limiting dilution. The monoclonal antibodies
obtained were of the IgM class.

ABREVIATIONS

Mab = Monoclonal antibody

B-Tyr = Bovine thyroglobuline

ABTS = (2-2’ azino-di [3 ethyl benzothiazoline sulfone])
HAT = Hypoxanthine, Aminopterine,

Thymidine
HT = Hypoxanthine, Thymidine
INTRODUCTION

Thanks to the hybridoma technique, that consists of fusing
a specific antibody secreting B cell with a myeloma cell, we
actually enjoy the availability of a multitude of monoclonal
antibodies of animal origin, directed against many clinical or
biologically interesting substances.

However these monoclonal antibodies of mouse and rat
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origin have some limitations. First they will
generally not recognize human. allos-
pecificities (differencies that distinguish one
human being from another). Indeed the
mouse immune system will primarily react to
the most salient interspecies differences,
and will not react to slight human interin-
dividual variations.

Second when used in therapeutic, or diag-
nostic purposes these mouse monoclonal
antibodies will very rapidly provoke a strong
response of the human immune system
against the foreign structures on the mouse
immunoglobuline, making the further use of
these monoclonals useless and hazardous.

The use of monoclonal antibodies of hu-
man origin would have a double advantage
in these matters over animal monoclonals.

Until now the production of human mono-
clonals is hampered by several major ob-
stacles: First there exists no human myelo-
ma cell line of equivalent quality to the
available mouse myeloma lines, that could
be used in human-human fusions. Therefore
alternative strategies have been tried, as
E.B.V. transformation of human B lymphocy-
tes, or fusion with lymphoblastoid cell lines,
or fusion with hetero-myelomas or fusion
with heterohybridomas. Another fundamen-
tal obstacle is that human in vivo immuniza-
tion is ethically not possible, and the use of
accidental (rhesus) (12) or voluntary
(tetanus) (9) in vivo immunizations is no
issue to this problem.

Therefore the elaboration of a usefull in
vitro immunization system would be a major
break-through in this area.

For some years different protocols of in
vitro immunization have been developed in
the mouse. More recently several papers
reported on in vitro immunizations followed
by (11) fusions to myeloma cells, with vari-
able degrees of success. Actually attempts
are made to transpose these protocols to the
human system (14).

To explore the general parameters of in
vitro human antibody production, we chose
bovine thyroglobuline to immunize human
spleen cells in vitro. Subsequently the im-
munized spleen cells were fused with a non-
secreting mouse myeloma cell line. In this
paper we report on the production of these
heterohybridomas and on the characterisa-
tion of the human anti-bovine thyroglobuline
monoclonal antibodies obtained.
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MATERIALS AND METHODS

Cell lines and fusion partners

The myelcma line used was the non-
secreting mouse myeloma line P3 x 63 —
Ag8 - 653 established by Kearny (8).
Splenocytes came from a large badge of
cells stored in liquid nitrogen. These cells
originated from a piece of splenectomy and
had been frozen along usual techniques (4)
after consent had been given.

In vitro immunization

Splenic mono-nuclear cells that had been
separated from erythrocytes over Ficoll-Hy-
paque gradient, before freezing, were
thawed, adjusted to badges of 107 living
cells. The splenic cells were then cultured at
5 x 10%ml, or 2 x 10%ml, with B-Tyr (Sigma)
concentrations varying from 0,1 pg/mi to 100
ug/ml for 3 to 8 days before fusion. The
culture medium was RPMI 1640 with 2 mM
Glutamine, Penicilline-streptomycine and
10% fetal calf serum. Cells were seeded in
multidishes (Nunc) in volumes of 1-2 ml/well
and cultured in a humidified CO, incubator
for the time indicated.

Fusion and cloning

Splenic cells were harvested after diffe-
rent time intervals of incubation counted
and what was left of the 100 x 108 initial cells
was fused with an equivalent number of
myeloma cells that had been kept in
logarithmic growth before fusion. Fusion
was performed according to Galfré and Mil-
stein (1) with minor modifications as previ-
ously described (5).

The total amount of one fusion was then
incubated in 3 microplates of 86 wells. Each
microwell was supplemented with 10° nor-
mal spleen cells as feeder cells. The medium
used was R.P.M.|. with H.A.T. and 20% F.C.S.
The cells were fed twice weekly, when 1/2 of
the medium was replaced. H.A.T. selection
was stopped after 2 weeks. The supernat-
ants were screened for monoclonal anti-
bodies at the end of the 3rd week.

Wells found positive for specific mono-
clonal antibody production were cloned at 5,
2, 1, 0,5 cells per well in microwells, with 10°
splenic cells as feeder cells with R.P.M.i,,
H.T., F.C.S. 10% and screened again at 3
weeks for antibody production.



Screening of the supernatants by Elisa

To screen the supernatants for anti B-Tyr
Mab, the Elisa plates were precoated with
0,4 ug B-Tyr in 100 pl P.B.S./well (1, 13), for 2
hours at 37° C, after flick-washing, satura-
ting by P.B.S./B.S.A. 1%, flick-washing, 100 ul
of hybridoma supernatant were added. After
incubation for 1 hour at 37° and flick-wash-
ing, 100 ul sheep peroxidase linked anti-
serum against human immunoglobulin was
added (Serotec). After further incubation,
and flick-washing A.B.T.S. was added for
colour development. Colour intensity was
read by multiscan. Wells were considered
positive when colour intensity was at least
twice the back-ground.

To determine the antibody class of the
positive wells and also to determine the
frequencies of secreting hybridomas in the
different fusions, the supernatants were
screened in Elisa-plates that had been pre-
coated with sheep anti-human Immuno-
globulin-antiserum and saturated by P.B.S.
B.S.A. 1%. A second specific anti-human
1gG, or IgM or IgA peroxydase linked anti-
serum was added before reading on multi-
scan the colour development by A.B.T.S.

RESULTS

Effect of the amount of B-Tyr used during in
vitro immunization on the hetero-hybridoma
yield

In a first series of experiments splenocytes
were incubated at a concentration of § X
10%m| with varying amounts of B-Tyr. At day
3 cells were harvested, washed and fused
with an equal amount of myeloma cells. Of
the 100 x 10° cells plated on day O of the
immunization period, 30 to 50 x10° were
recovered for fusion on day 3. The yield of
the cells in presence of B-Tyr was higher
than in its absence.

As shown in table | the presence of anti-
gen had a positive effect on the total yield of
hetero-hybridomas that increased seven-
fold.

But also the number of specific anti B-Tyr
hybridomas increased with higher antigen
concentrations. This is also shown in table Il.
It should be noted that even in the fusion not
preceded by B-Tyr stimulation (table 1) one
specific anti B-Tyr hetero-hybridoma was
obtained.

Effect of the cell concentration used during
primary in vitro immunization and effect of
time of fusion on hetero-hybridoma yield.

A series of fusions done with the same
total amount of cells but at a concentration
of 2 x 10%ml (table 1l) as compared to 5 x
10%ml (table I) gave rise to a lower total
amount of hetero-hybridomas especially the
antibody secreting hybridomas; the number
of specific anti B-Tyr hetero-hybridomas was
not clearly influenced.

When the in vitro immunization period
increased (Table Ill), the number of cells
recovered before fusion and the number of
secreting hybridomas decreased, although
the number of specific anti B-Tyr hy-
bridomas seemed to be quite stable up to
the 8th day.

These experiments indicate that in this
system a cell concentration of 5 X 10° spleen
cells/ml, during incubation, with B-Tyr con-
centrations between 1 - 100 pug/ml and a
culture period between 3 - 5 days is optimal.

Cloning efficiency, antibody secretion rate
Mab class and specificity (Table V)

During these fusion essays, 30 wells were
found positive for anti B-Tyr by Elisa screen-
ing. 4 of the wells initially found positive
were cloned by limiting dilution on human
splenic feeder cells, at concentrations of 5,
2, 1, 0,5 hetero-hybridomas/well. Of the wells
found positive on rescreening at three
weeks, those with the strongest colour in-
tensity on Elisa, for the lowest cell number
initially seeded, were recloned. Of the 4
wells subcloned, 2 stopped being positive in
Elisa after the first cloning. Two remained
positive after three cloning procedures.
These clones were then expanded in Falcon
flasks, the supernatant recovered and con-
centrated. The Mab content of the concen-
trates was compared to a dilution series of a
standard IgM solution. When using Kallik-
rein coated Elisa plates as negative control
in a B-Tyr fusion, several B-Tyr specific wells
gave also a positive Elisa with Kallikrein.

Upon checking, this broad reactivity was
also noted for the two established clones,
that moreover reacted with a third sub-
stance, B lactoglobuline. This broad reactive
pattern was not dependent on the saturating
substance used in the Elisa and remained
the same when replacing P.B.S./B.S.A. by
gelatin (data not shown).
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DISCUSSION

The human origin of the monoclonal anti-
bodies is established by the fact that fusions
were done with a non secreting mouse
myeloma and above all by their reactivity
with specific antihuman 1gG, or igM or IgA
antisera. During this work human-mouse
hetero-hybridomas were regularly obtained.
By adding antigen to the in vitro cultured
spleen cells the fusion frequency (that is the
number of hetero-hybridomas present after
three weeks compared to the number of
spleen cells used for the fusion), increased
sevenfold from 1 in 4 x 107 to 1 in sixty
thousand. It is noteworthy that by antigenic
stimulation not only the yield of specific anti
B-Tyr antibody secreting cells increased but
that also the yield of hetero-hybridomas with
different specificities markedly improved.
This is to be seen in relation to the fact that
the viability of the cells cultured before
fusion was better when antigen was added
than in the absence of antigen.

The stability of the hetero-hybridomas was
quite acceptable. From the wells initially
found positive for anti B-Tyr, and that were
subcloned by limiting dilution, fifty percent
still secreted specific antibodies after 3 clo-
ning procedures.

The anti B-Tyr monoclonals were with one
exception of the IgM class. This is consistent
with a primary immune response as opposed
to a secondary immune response where I1gG
antibodies are produced.

The secretion rate of the hetero-hy-
bridomas was low, in the order of 1 ug/
monoclonal antibody being secreted by 1
million hetero-hybridomas in 24 hours.

The specificity of the monoclonals pro-
duced is not restricted. Indeed two of the
monoclonals tested more extensively had
also affinities for porcine-Kallikrein and
beta-lactoglobulin, substances that had not
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been used during the in vitro immunization,
or during the screening process. Similar
observations have recently been reported in
several murine in vitro immunization sys-
tems, with mouse-mouse hybridoma pro-
duction (10). These are arguments for thin-
king that the broadreacting IgM monoclon-
als obtained by primary in vitro immuniza-
tion, arise from activation of naive B cells
that continuously migrate from the bone-
marrow to the spleen. In vivo these B cells
normally become committed to the primary
idiotypic anti-idiotypic broad reacting anti-
body network.

Very recent data in'a combined in vivo-in
vitro mouse system show (3) that in order to
obtain high affinity IgG antibody secreting
hybridomas, a time lapse of at least three
weeks between primary antigen exposure
and secondary antigen boosting is
necessary.

Until now there are no reports on B cells
that have been cultured for periods of more
than 3 weeks and that were able to produce
high affinity antibodies. However this space
of time seems mandatory to allow B cells to
switch from IgM to IgG secretion and to go
through somatic mutation events of the hy-
pervariable region. By further selection
these cells will give rise to clones producing
high affinity antibody. Hopefully our daily
increasing knowledge on B cell growth fac-
tors, B cell regulation and tolerance (6) will
provide the necessary skills to search this
goal in a not too far future.
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