Bilirubin induces the maturation of liver sinusoidal endothelial cells and human
liver organoids

Callen Conroy', Kentaro Iwasawa?, Hasan Al Reza?, Kyle Lewis?, Takanori Takebe?3

» Cincinnati - i~ University of
! Children’s: l((f CINCINNATI.

changing the outcome together

" Univeristy of Kentucky College of Medicine, 2 Division of Gastroenterology, Hepatology and Nutrition, Cincinnati Children’s Hospital Medical Center,
3 Division of Developmental Biology, Cincinnati Children’s Hospital Medical Center

Background Methods Results 4. HLOs-Endothelial Cell co-
cultures show an increase in
HLO Differentiation Timeline -
The development of induced human liver organoids (HLOs) is a complex and . . . . . . Day 0-7 _ ELISA maturation
. . . . . . iPSCs were differentiated into human liver organoids, DO porteriorForequtin b ld posterior | Had0 i
|mportaEt |1|S|_Scl;e 38 ,:t prfo wdeg dan 2ve|nqe Ior t“\f[er d|sﬁas_epérgatn;entband endothelial cells, and liver sinusoidal endothelial cells. _q.—q_s_ﬂ_siigin Vatrigel Foregutin Matrigel __Organoid_ — Q — («
researen. induction from induced pluripotent stem cells (IPSCs) has been Bilirubin was added at varying concentrations to the e | a 7~ HLO - EC ‘\/‘ Albumin ELISA
modeled by fetal development. In vivo, liver development happens in three endothelial cells for 3 days. After three days bilirubin ® — -@ — @ -4 Co-culture | ) . umin
. - . . . . Posterior S \% -
general phases; SpeC'f'Ciﬂffﬂ;ﬁ,,‘j,f,‘i’iﬁ’ and growth and méfgg[?tlon. treated endothelial cells were placed in a co-culture with "@/‘ roraut cell e immurostaining = Flow Cytometry
@ the induced human liver organoids for an additional 7 » 1000 3
. Home  Biiverdn F,:e;::bm (== days. iPSC derived LSECs were used as a control to - \ v | 200 :
S :>-.Heme e ) | 1 t compare morphology to bilirubin treated endothelial cells. | | S ~ .
([— . A I Changes to bilirubin treated Ecs were observed using Endothelial Cell Differentiation Timeline e — e e E s . o
pemi co immunofluorescence, RT-qPCR, and flow cytometry. D0 pecedern Enﬁz;}s, el Enciothelial cel TE— - g
Myoglobin HLO maturation was analyzed via an albumin ELISA. — Seeld'” nducton | S > e > — 400
| organim i Bilirubin 2 mg/L 500
Liver _ Mesodermal Endothelial Cell - : N Y S Threshold
././é"ilirubin-liganldin / precursor Bilirubin 5 mg/L ) No amplification
| Enterohepatic - cells / Bilirubin 10 mg/L e 0
Comyliomted — L Coveeperrencton® Control 0.1 0.5 1 2 5 10 (mg/L)
- . - Albumin production within the HLOs was at it's highest in
— Results 1. Bilirubin treated endothelial cell morphology HLOs co-cultured with 1 mg/L bilirubin treated endothelial
N o eompesen - Stevenson et al, 2012 cells demonstrating an increase in HLO maturation.
Using these stages, Shinozawa et al., 2020 developed a model for HLO ; _{ {“{ | s - < Endothelial cells treated with
induction. However, the HLOs described lacked markers of maturation as well o A . . - .
. . . . . bilirubin  did not exhibit Conclusions
as prominent vasculature required for the enhanced function of a liver. Liver morphological changes
sinusoidal endothelial cells (LSECs) are a specialized endothelial cell that Bilirubin Endothelial cell morphology
reside only in the I|\_/er. LSECs are highly fene_strgted and have a unique set c_>f Day 3 g R e | | : J cesembles  that of LSEC At onvsiological levels of bilrubin. there is an increased in
receptors that function to help transport material in and out of the liver. Genetic o R o TR e s “ " morphology Phy J .. I
specification for LSECs has remained ill defined by (De Haan et al., 2020). This T S B | l(_DStEC (’Ehar,igtje{'lsuci aliCIe'\:(hlzl'tedt b);h FlcT a”d_ ::onv
study focuses on LSEC marker genes: BMP2, GATA4, CLEC4M, STAB2, ytometry. itionally, indicates that at physiologic
LYVé1. > levels of bilirubin could activate the nitric oxide pathway
Results 2. Endothelial cells express LSEC markers at i allowing for the nduction of LSEC and hepatocyte
- - & .y - Results 3. Flow cytometry analySIS reveals differentiation. The maturation of HLOs was also indicated
)  CLECAM physiological levels of bilirubin an increase in LYVE1 population in bilirubin by an increase in production of albumin with physiologic
treated endothelial cells levels of bilirubin treated endothelial cells that were
Hepatoblast 4, cocultured with HLOs. This study shows that physiologic
e r—— HIF1a = Nitric Oxide levels of bilirubin induce LSEC characterization of
LSEC | Unlabeled _Control _Bilirubin 0.1 mg/L endothelial cells as well as increase the maturation of
250K —_ | 250K —E 250K —_ H LOS .
LSEC 200»(-: o AOOK—: : .00K—:
Control ; ; : |
HepatOCYte o é%% 0.58 wm(_; V 0.58 e e L 120
. i _ References
50K = ;:-g~ 50K = . .;" 50K =
Fetal development revealed that the production of fetal blood cells and thus N - B
bilirubin precedes the development of LSECs and hepatoblast differentiation. ) @ oWt
Suggesting that bilirubin may impact the hepatoblast differentiation to hepatocytes. 4 Bilirubin 1 mg/L _ Bilirubin 2 mg/L _Bilirubin 5 mg/L Stevenson D.K., Maisels M., Watchko J.F.(Eds.), (2012). Care
Fetal bilirubin is a regulator of the HIF1a pathway. The HIF1a pathway stimulates Control ] g g of the Jaundiced Neonate. McGraw Hill.
the production of nitric oxide synthase by LSECs. Nitric oxide released by the o . I S | N | Shinozawa, T., Kimura, M., Cai, Y. (2020). High fidelity drug-
LSECs will be used for the differentiation of hepatocytes from hepatoblasts ' BMP2 o A b S induced liver injury screen using human pluripotent stem cell-
(Poisson et al., 2017). Figure a. Immunostaining for GATA4 SRR - L derived organoids. Gastroenterology. 160:831-846
xxn ns * GATA4 ” exhibits an increase in GATA4 De Haan, W.,, Oie, C., Benkheil, M. (2020) Unraveling the
: : O fluorescence at 1-2 mg/L of bilirubin. RERNE . O transcriptional determinants of liver sinusoidal endothelial cell
Aims / Hypothesis . At 5-10 mg/L of bilirubin, cells begin to = - : ) o ] specialization. Am J Physio Gastrintest Liver Physio.
~ = | die. |  — 5 318:G803-815.
y LYVE 1 Population Poisson, Johanne et al. (2016). Liver sinusoidal endothelial
. . EGLN1 — - 3 cells: Physiology and role in liver diseases. Journal of
Hypothesis: o | - Figure  b.  RT-qgPCR  shows  an 10 Hepatology. 66:212-227
» Physiological levels of bilirubin promote the formation of LSECs from _ o < increase in all LSEC markers and 8
endothelial cell (EC) differentiation and promote differentiation of mature 5 HIF1a pathway markers in endothelial -
hepatocytes. - e NOS2 2 cells were treated with 0.1 mg/L of ,
Aims: 5 bilirubin  when compared to the 0 R, Ack led ¢
: : & o . (mg/L)
» Induce ECs, LSECs, and HLOs from stem cell precursors ns As = as NOS3 control. At higher concentrations of & & ° cknowileagements
- . . . Color Key th ' I . 00 . ays . .
« Analyze the gffect of bilirubin as a metabolite for the maturation of LSECS and _ o o - i - " EllslrEu(t:)ln dtlh_le”r:e1 wa?;h a decrekase in Figure a. As the concentration of bilirubin increased to a 2 mg/L there
HLO maturation g 3 - E 5 = SORZEIE oo an a pathway markers. was a higher percentage of cells expressing LYVE1 with the highest This study was supported in part by NIH grant T35DK060444
3 e ****<0.000001 percentage of LYVE1 cells at 12.9%. At 5 mg/L the percentage of and DP2 DK128799-01.

ns = not significant

Bilirubin cells expressing LYVE1 began to decrease to 8.48%.



