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EMBRYOLOGY OF LIVER AND BILIARY TRACT Active space -----

Development of liver 00:00:21

Development begjins ok 2-4 weeks of 863’(0&\0&

Hepodhc diverticulum
- S A —
\j Y
ventrol Dorsal
diverticulum diverticulum
PUNSNNE S—
v \j \/
Croniol Coudal Dorsal
_ . B Poncreons
\{ \ / v
Liver Superior port: mnferior duct :
C\ﬁsﬁc duct § ventrol
CPD Poncreas
endodermal bud has b\po‘cemﬁa} hepatoblosts Lorms :
. Hepo@cocg’ces.
e C\’\O\O\ﬂg'\OCEj‘keS. ——3 stomach
Septum tronsversum forms
° Connective tissue. —3 dorsal
° ctellote cells.
® Capwle.
howing resi t ¢ : cells. pancreas
Yol sac having esident macrophoges Lorms hup?@er ells o A e
viteline and umbilical veins : Forms sinusoids. o
Growth s'\snod\'\ns : gmbryology
s'\gnals Lrom :

* Cardiogenic mesoderm : Fibroblast grouth Loctors (FeP) |, &, 8.

* Septum trongsversum : Bone morphogenehc proteins ®me).
FaF § emP activates franseription Sactors Prox—1 § Hhex (6'\\'\ar5 o\eve\opmen’c).
Loss of e-Cadnerin — Cells delominate from the bud and invade.

Hepod:ob\as’cs :

They are b\po’cen’doece cells.

garly markers : AFP § SOX-9.

Can difSerentiote into hepatocytes cholangiocytes.
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Basics of Hepatology

Hepodcocgces :

----- Active space -----
®* Formed bU hepoecoblas’cs ha\/ing ear|5 movkers AFR
® Contain HNF-4Q1,
* @ives charocteristic sinusoidal oappearance.
¢ Theg contain ¢ Albumin, CrH-8, CHA-I8.
Cholangiocg’ces :
®* Formed bﬂ hepa’coblas’cs ha\/‘mg eourlg moavrkers SOx-o,
* ltis the marker for biliarg development.
® mMarker is lost as ’cheﬂ invade sep’cum tronsversum but reappors agour\.
" Theg contain : CH-8, CK1-18, CH—I19. o
Minor papilla
Common bile duct
¥ F A Accessory duct of
oregut Dorsal anlage Santorini
Liver P
Ventral anlage Common bie duct,
Eé 1 - 3 " Dorsal antage Gall bladder. * Dorsal anfage J < ’ .
u%x!i bladder S 'f—:r"' Ventral antage & T (Srj’:ﬁ:"c duct
_' [ Mo Duodenum
Normal pancreas
Development of liver and pancreas.
Embryoclogy of Liver
WHEEE(E&SS‘E;’“’;—-»;” """" Hepatocytes | o
Poe— ) T - [ ®
""} div’;?t?gglzm f T ] -?=’.
e il B | Biliary canaliculi g
| Ductal plate |—p Biiary ductules | £
A
[ Endodemm Moo 1 ..........
j""“c“;}éiié'&i}i:‘{'"L—>;’""""’Mé‘sié‘dﬁéi“”"“”"‘g ©
?»{L_‘jﬂ’g’)‘j‘g“i‘fﬂj §
Gallbladder | i
: Precursor celis f Differentiated cells
Vascular development 00:06:40

Development of venous system :
Starts ot 4" gestational week,
* Vitelline veins : drains blood $rom Yolk sac to heart. Soes through
® Umbilical veins : Drains blood $rom placenta to the heart. piEimitide e
* Both Cardinal veins : dDrain blood Srom everywhere else 1o heart.
* Sinus Venosus : Future heart

Only left umbilical vein major part of right vitelline vein persists.
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Intro—viteline anostomoses *

Total 4 in number (Subhepatic 2, subdiaphragmadic D.

Subhepahc :
* |nferior : ventral.
¢ middle : Dorsal.

Sub diaphmgmo&\c : Just below sinus venosus.
vessels grow along with liver — Fudure sinusoids.

umbilical circulodion :
eoch side has & branches :
. &ranch fo liver.
3. Branch o sinus venosus.
Right UV — Becomes completely fbrosed.

Left uv — Forms ductus venosus.

De\lelopmen’c o¥ arterial sSS&em :
movre s’crough’c Lorwoavrd.

Hepodic ar‘cerﬂ — Formed from celiac trunk,

sometimes, hepatic artery forms $rom :

e Super'\or mesentric our’cerg.

Embryology of Liver and Biliary Tract

J Super'\or : Ventral.

Embryology of liver - Hepatic sinusoid

Cardinal veins Left hepatocardiac

channel

Hepatic sinusoids

Umbilical vein Left umbilical vein

Duodenum

Right hepatocardiac
channel

Ductus
venosus

Left
Duodenum umbilical vein

Vitelline veins

of inferior
. . vena cava
Hepatic vein

{right vitelline) Hepatic vein

Ductus

venosus
Left umbilical

vein
Superior Splenic vein
mesenteric
vein

* LeM gastric artery, °

Formadion of venous SSS{'em

Intrahepatic duct IBHD) development 00:12:34

Development starts Lrom th week.

Develops $rom hilum — To the periphery of the liver (Fo\\ow‘mg the portal vein).
At birth, intralnepodic biliary epithelium is still immodure.

mModurodion is completed during first year of lite.

Stages o% development :
Beqins with hepa’co%’ces neoy PV.
Normal adult liver pourenchﬂmod cells hove : € 8 and I8.
Intrahepadic bile ducts have : € 8,18 along with CA 7 ond 19.
* Hepoatoblasts near the lorgest portal vein — Develop Ch 8, 18, 19 b3 8th week.
* They form a new layer 0% cells by acquiring C T §CA19.
* lnner layer surrounds the portal vein bronches like o sleeve.
(Called ductal ploke).
Thig is called transient asymmetry (Occurs ot 8th week).
cells closest o the portal mesenchgme madntaining o b'\\'\arﬂ pheﬂo{’ﬂpe.
cells closest o the parenchSma resemble hepa‘cob\as&s.
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4 - Basics of Hepatology

Formadion of double loyer
. Portal laﬂer “Layer close to portal vein.
a. Lobular Iager “ Layer close to pourench5ma,
3. Slit-like lumen forms in between.
I not involved in $ormation of bile duct — puctol plote regresses by apoptosis.

Hepatic specification Liver diverticulum Liver bud initiation Liver bud hepatic hematopoiesi:

EC

Cardiac
mesoderm

Foregut o
endoderm HE Hepatoblast
Hepatoblast
Formadion § development of IHeD
Couse of development :
Portal vein mesenchgme secretes :
* TeF-f

* Jagged | : Induces Notch & based signalling (Defective in Alagjlle syndrome).
T&F—B + NOTCH -3 — Stimulates difSerentiotion of &b type cells.

Extrahepatic duct (EBHD) development 00:17:28

CBD, gall bladder, cystie duet : From caudal bud,
Occurs b5 :

* Progenitor cells expressing Pdx-1 .

* TX factor : SOX-I7.
Primitive eHBD continues with IHBD and becomes whole.
Occurs before \HBD.

Mouse: E12.5 E13.5 E17:5 Perinatal
Human: 50 days 56-58 days 14 weeks 30 weeks

Key @ Hepatoblasts (CK1g)
== Portal mesenchyme @ Bijiary epithelium (CK1ghahy
7 Endothelial cells @ Mature hepatocytes (CK19"s)

Formation § development of eHDd

Hepatology + v1.0 + Marrow SS Medicine



Embryology of Liver and Biliary Tract

Ductal plate Bo
(cholanglocytes) —_—

f Single-layered
S P
000,220N

Portal vein

\— Parenchymal layer
(hepatoblasts)

{— Portal layer
(cholangiocytes)

17 | Basal lamina

Portal

Summarg :

Liver de\/e\opmer\’c P4 weeks.

Biliary development : 8 weeks.

Pouch (Hepodic diverticulurm : Develops from foregut.
F&F and &MP $rom oudside the livex.

Orox—l and Hhex $rom inside the liver.

Hepatoblosts to hepatocytes — HNF 4 olpha. (Sinusoidal appeamnce).
AFP : mMarker of hepatoblasts and not of any other cells.
earliest spec\%c marker of biliary development : SOX-19.
Hepoecocgces : CHh -8 ond I8,

Cholangiocytes : CK8, 18, 19 ond Ck T (Last Sormed is CH).
IHeD : TEF & and Jagoed-! (NOTCH-3 s'\gnoJ\\ng).

SHBD : PAx—I and SOX-IT.

L\gamenmm teres : Remnont of umbilical vein oukside the liver.

ugamenmm venosum ¢ Remnant of ductal venosus Sormed. Srom le$t umbilical

vein.

Hepatology * v1.0 « Marrow SS Medicine

01




PHYSIOLOGY AND LFT

Bilirubin 00:00:48
Bilirubin sgn{rhesis 3

* Source of heme : R&Cs, cytochromes, myogjobin.

* Total production : 4 mg/ Kg/ doy, | hHeme |

® 80% derived Srom hemog\ob'm degrado@don. y Heme oxygenase

Sites of bilirubin production :

- Reticuloendotheliol system ($p|een).

- Hepoecocg’ces.

MRE & : ATP dependent, rote limiting step.

Bile :

- Only direct/ conjugoted bilirubin.

- 80% dig\uc‘,uror\ide.
0015 direct bilirubin is excreted in
Bilirubinurio, : Only direct bilirubin.
Urobil'mogen in urine in small
amounts : Normal.

i Biliverdin ]

% Biliverdin reductose
; Bilirubin

(Woater insoluble)

¥
Binds to albumin :

Albumin bilirubin complex
(Non covalent binding)

uine.

\4
Bilirubin enters hepo&ocg’ces Vi OATP

(Organic anion transporter)

A
Binds to cg’cosolic proteins

(elutathione %mil\p o prevent efSiux,

uDpP glucuromjl
| transferase (UugTiaD

3

exits into bile
canaliculi Viee MRPY. |«

Conjugated bilirubin (Woder soluble) : Bilirulbin
mono/ diglucuronide in endoplasmic reticulum.

(TP dependent)

y
Decor}juga’don in
terminal ileum and. colon
into urob'\l'mogen

4
eluxed $rom hepo&cocg&e Vio. MRP3

E88lux protein in sinusoidal membrone)

¥
Token up b3 adjacent hepo&ocg’ce
via. OATPB, 83 (Bilirubin hopping)

Hepatology - v1.0 » Marrow SS Medicine




Physiology and LFT

Delta. bilirubin
. Conjuga&ed bilirubin c.ox/a\er\ﬂ'ﬂ bonded o albumin —> Cannot poss ’chmugh
8\omemlar membyrane.
. Conjugodced h5perb‘\hrub'memia but No bilirubinurio.
In mudtiorgen o\gs?unc’don :
o D/t lack of ATP, MRPA does not function, direct bilirubin is pushed via. MRE3
into bloodstream.
. Corljuga’ced hﬂperbi\'\rub‘mem\a without obstruction.

meosurement of bilirubin :
von den bergh reoction *
* Diozo reaction.
¢ plood + diazotized sulfalinic acid (30-60 se®) —> Colour change = Direct
bilirubin.
e« 0dd accelerator (leohol/casSeine) —= (After | hour) = Total bilirubin.
e Total bilirubin - indirect bilirubin = Indirect bilirubin.

High performance liquid ehromadography : Commoniy used.
T, o bilirubin @ 4 hours.
T, 0% delto. bilirubin : 14-3l doys.

Hyperbilirubinemia 00:12:52

\1soloted hﬂperb'\l'\rub'\nem'\a :
* Increased production : Hemo\gs‘\s.
* Decreased uptake : ORTPIBI/@2.
* Decreased conjugodion.
* Decreased excretion.

Conjugation defects :
/% deficiency of UDP glucurony| transterase enzyme : UGTIAl gene, chr 8.
Types

e C,r‘\g,\er Mijmr s5ndrome %5pe l.

* Crigler Moa'jour sgndrome type a.

* ailbert syndrome m/o.

Crigler Noygjar s5ndrome type I
¢ Complete enzyme deficiency,
* Complete absence of UGTIAI : exons 3, 3, 4, S.
* putosomal recessive.

e Al roces are affected.
Hepatology « v1.0 * Marrow SS Medicine




Basics of Hepatology

Not compodible with life.

Severe indirect hgperbmmbinem\a in the absence of hemo|5sis.
Presents in the first few days of lie.

Hemicterus.

All races are afSected.

\nves’dga’dons :

Bilirubin levels : 18 mg/ dL to 30 mg/dL (ndirect bilirubin.
6'\op35 : Bile plugs in canaliculi and bile ducts,

Treotment :
U Pho’co’rhempg :

~ Converts into bilirubin isomers (Woder soluble), excreted in bile.

- Temporourg chomge onlg.

~ Calcium supplements increase the efSectiveness of pho%o’chempg.
Plasrnapheresis.
Orthoptic liver transplantation : Treatment of choice,

Crigler M%ar SHndrome ’c5pe a:

ome de%ciencB of udP 8|ucuron5| tronsferase enzyme.
exons of ugTiAl Single amino acid substitution »> deletions.

Presentodion :

Lote, before 10 year of age.
Hermicterus i uncommon.

Serum bilirubin :

Baseline bilirubin levels : 10 mg/ dL (g-18 mg/ dau).
During periods of stress : Levels increase.
<S0% of normal bilicubin in bile,

Propor’don of monoglucuron\des ¢ Increases (30%).

Treodment : Phencbarbital (8n25me inducer).

Gilbert sgndrome :

10-18% 0% normal populadion.
Incidental diagnosis.
Presents in adulthood.
Bilirubin levels :
-1 Unconjugated biliubin : <3mg/dL.
- Fluctuotions : 1 during infections, fasting, aleohol consumption (<7 mg/dL).

Hepatology - v1.0 « Marrow SS Medicine



Physiology and LFT

uGaTIal mutodion :
° UDP 3\ucwor\5\ tronsterase levels reduced 1o 20%.
o mutoadion N p(omo%or reg\on : TATAR element.

Clinical '\mp\'\coec‘\ons :
. Pro\onged neonodal joundice.
* |rinotecan ¢ Anticancer agenk, also metabolised by UGTIA, — Severe
re?rac’corﬂ diarrheo. in po@c‘\en’cs with Gilbert sﬂndrorne.
o | risk of cardiac diseases : D/t antioxidant efSect of indirect

hﬁperb'\\'\rub‘mem\a,

Isolated conjugated/mixed hyperbilirubinemias :
Dubin Johnson s5ndrome :
¢ mutations of ABCCA gene : MEPA transporter defect.
* upregulodion of MRP3 —> Conjuoped bilirubin goes into plasmo.

e putosomal recessive.

c/F:
° Non hemo\g’c\c\jaundice.
* mid icterus.
* Usually d\agnosed ot puberty.

ilirubin levels :
¢ direct bilirubin 1.
* CanQo upto 80-40 mg/ dL during intercurrent iliness, pregnoancy, oroal con—
froceptives intoke.
* urine coproporphycrint 2 i (Normal : Coproporphyrin it 2 D.

6\0p35 : Black liver a/t depos\hon of melanin reloted p\gmem‘( ond ep\nep‘nr'\ne

metobolites in \Ssosomes.

Rotor s5ndrome :
* Similar o Dubin Johnson sgwdrome.
* Autosomal recessive.
* Defective reuptoke of bilirubin Vio. OATPIBI, OATPISS.
* SLCOBI, SLCOIBS : Gene mutodions.
* ncreased urine Coproporphyrin G> .
* Biopsy No liver pigmen’co@don.
1 rigk of methotrexote and stodin toxicity,

Hepatology * v1.0 + Marrow SS Medicine
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| Basics of Hepatology

Congenital htjperbmrub\nemia s\ljndromes
a0 | T a
Feotures Gilbert : Jpe - ; Jpe > Dubin Johnson Rotor
Orgler Mcmour Orgler M%ar
Incidence ©-13% Verg roxre uncommon uncommon Rore
Gene defect UGTIAl UGTIA UGTIAI MRP3, OATPIBI, OATPIB3
) ) Impaired canaliculor
metobolic } Bilirubin No bilirubin b | Bilirubin
deSect _ s oot export of conjugated | Imapired sinusoidal
efec conjuaation conjuaodion conjugoedion
33 s I3 bilirubin
Plosma. / _ / /L (Con
P < 7mg/dL very high < 30 mg/dL <7 mg/dL Conjugoted)
Liver oo Coarse
- ile S - -
his’cologﬁ P3 pigment
Deoth in usuod\g
Prognosis Normal _ Normal Normal
m%«ncﬂ normal
Photother:
*FY RAvoid None
Treotment None as o bridge to | Phenobarbital
_ estrogens available
liver ’cmnsplant
evaluation :
| Fractionate bilirubin j
21S% direct [ <IS% direct
., p!
Dubin Johnson syndrome evaluote for hemolgsis * Haptoglobin,
or Rotor syndrome LDH (Lactate dehydrogenase),
peripheral blood smear
Negative L ‘lposihve
Inherited disorders : gilberts/ }_ No drug history Review druggs : Hemolﬂm
Crigler Nojjar Syndrome type |, 3| h Ri?ampicin) probenecid disorders f
Note :

Qi-?ampicin con couse hepa’co’cox'\ci’nj.
Qi?»ampicin eflect:

Indirect hgperbil'\rubinemia, blocks OATPI transporter; no
need to stop drug.

Other qualitative liver function tests

Aminotransferases :

AST (Aspartate transaminase)/ SGPT (Gerum

tronsminase).

00:29:35

Slu’cama’ce pﬂru\/a’re

Hepatology ¢ v1.0 « Marrow SS Medicine



Physiology and LFT |

e AT (Blanine fransaminase)/S&0T (Serum glutamote oxoloocetote

fronsaminase).
AST ALT
Site of
nitochondria > cﬂkoso\. Cﬂ’coso\
synthesis
Liver > heart > muscle > kidney? broin> Liver >
Orgons
pancreas” lung > leukocytes, erythrocytes other orgons
Cleoronce Reticuloendothelial system, liver Liver
mocro AST +
) eound to immunoglobuling.
Special
Stoys in blood $or o longer time.
feoture :
Asymptomadic.
J n hemodialysis potients
AT :

° more speci%c to liver diseoses thon AST excep’c in aleohol + foxin medioted
hepoéc\‘ds ond muscle reloked disorders.
e Normal levels : 20 IU/mL in males, 80 IW/mi in females.

PST ¢
e Riges more in NoN hepoec'\c diseoses.
* <300 IW/mL : Non specific.

Aleoholic hepaditis :
e nST/ALT >4 : Aleoholic liver disease.
* AST/ALT 73: H'\ghB Suggeg‘cive of aleoholic liver disease.
* Both enzymes require pgridoxod Sphosphote (aLT > AST) cotactor for their
production.
* fleoholies have pycidoxal (Vitamin Bb) deficiency,
* Serum enzyme levels : <400 w/mL.

Alcohol + toxin reloted hepatitis :
* AST, ALT raised beyond 400 1w/mL (Upto 1000).
e pST/ALT rodio is maintained.
°* AST h'\gher thon ALT.

nmuscles reloted disorders :
o pST/OLT is 3¢ | but AST decreases (Shorter T, b
° PpST h'\gher Hhon ALT.

Hepatology * v1.0 + Marrow SS Medicine
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12 Basics of Hepatology

Chronic mild elevotion of ALT > AST :
<ISO WL or Sx upper limit of normal.

Hepodic causes :
* Chronic viral hepoditis ®, ¢ and ).
* Hemochromadosis. * O antitrypsin de-?\c\encﬂ.
* wison’s disease. * Autoimmune hepatitis,

Non hepoedc couses ¢
* Celiac disease : Can also lead to chronic liver disease.
L Hﬂper’chgroidism.

Severe acute elevations :
* AT 7AST (1000 U/L or >30-asx upper limit 0% normaD.
* Aeute Budd Chiari syndrome : Hepatic venous occlusion (/3 veing blocked).
® Acute viral hepaditis.
*  Autoimmune hepatitis.
* Drugs and foxins.
* Hepatic ar’cerﬂ hgoecion.
* Ischoemic hepaditis.
* Wilson’s disease : Age < 40 years, can present in any form.

Severe acute elevations :
® AST >ALT (1000 WL or »30-3Sx upper limit of normal.
® Hepodic @ medicotions or foxins in o podient with underlg‘mg aleohol
associoted liver njury.
* Non hepatic : Acute rhabdomﬂolgsis.

Chronic mild elevadion :
* AST YALT (4SO U/L, <sX upper limit of norma).
* Hepadtic : Non hepodic :
— Aleohol associoted liver njury. e Hypothyroidism.
- Cirrhosis. * Mocro-naT.

. mHopa’chg.
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