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Abstract

Background: Cell therapy using Bone Marrow Mononuclear Cells (BMMC) has been shown as a potential
treatment for liver diseases. BMMC can act by fusion, differentiation into hepatocyte-like cells and/or secretion of
paracrine factors. Here, we used encapsulated BMMC in a model of Carbon Tetrachloride (CCly)-induced acute liver
injury to study in vivo and in vitro differentiation of BMMC.

Methods: Both in vitro and in vivo studies were conducted in Wistar rats submitted to CCls-induced acute liver
injury. BMMC were isolated from Wistar rats and encapsulated in sodium alginate microcapsules. For in vivo
experiments, animals received encapsulated BMMC 24 hrs after CCl, administration and capsules were collected
within 6, 24 and 48 hrs (tCCl4 group). For in vitro experiments, isolated hepatocytes from animals with CCls-induced
liver injury were co-cultured with encapsulated BMMC for 6 h (cCCly group). Control groups were not submitted to
CCl, administration. The content of intracellular lipid droplets in hepatocytes was used to evaluate liver injury.
BMMC differentiation was assessed by RT-PCR for hepatic genes and ability to produce and secrete urea.

Results: Liver damage was confirmed in CCl, treated animals by the presence of intracellular lipid droplets in
hepatocytes and the characteristic nutmeg aspect of the liver. Retrieved encapsulated BMMC from tCCl, group
expressed hepatocyte markers, such as Cytokeratin 18 and Albumin 48 hrs after treatment. On the other hand,
BMMC from cCCl4 group showed Albumin expression 6 hrs after co-culture. Urea production was increased in
BMMC from cCCly group but not in cControl. BMMC from tControl or cControl groups did not express hepatocyte
markers at any time point.

Conclusions: In this study we show that BMMC differentiate into hepatocyte-like cells in a short period of time

both in vivo and in vitro. This differentiation is triggered by paracrine factors present only in injured liver.

Keywords: Bone marrow mononuclear cells; Cell differentiation;
Paracrine effects; Hepatocyte-like cells; Acute liver failure

Introduction

Bone Marrow Mononuclear Cells (BMMC) have emerged as
potential candidates for cell therapy due to their ease of use. In models
of acute liver failure, transplantation of these cells increase the survival
rate [1,2]. Furthermore, recent clinical trials have demonstrated that
transplantation of these cells or their fractions improves the condition
of patients with cirrhosis [3-5], as well as improve liver function in
animal models of cirrhosis [6]. Moreover, BMMC are characterized by
their ability to differentiate into several functional mature cell types
both in vivo and in vitro, including cardiomyocytes [7,8], endothelial
cells [9], neurons [10,11] and hepatocytes [12-18]. In addition, many
groups have developed protocols for the in vitro differentiation of
bone marrow-derived cells into hepatocyte-like cells [19-24]. Although
bone marrow mononuclear fraction is used for in vivo transplantation,
in vitro protocols usually work with Mesenchymal Stem Cells (MSC)
[19,23-25].

Microencapsulation provides a vehicle for the discrete control of
key parameters such as the diffusion of growth factors, metabolites,
and wastes. It has been demonstrated that the alginate

microenvironment maintains cell viability, is conducive to embryonic
stem cell differentiation into hepatocytes, and maintains differentiated
cellular function [26]. In addition, encapsulated bone marrow cells
showed evidence of glycogen synthesis and expression of typical
markers of hepatocytes, after transplantation in the 90% liver failure
model [15,27].

In the present work we used semi-permeable alginate microcapsules
to isolate BMMC in a model of Carbon Tetrachloride (CCly)-induced
acute liver injury. Alginate microcapsules isolate BMMC and allow the
study of in vivo and in vitro differentiation through paracrine factors.
We also focused on investigating early reprogramming events that
might take place during exposure to injury microenvironment.

Methods

Experimental design

Both in vitro and in vivo studies were conducted in Wistar rats
submitted to CCly-induced acute liver injury. For in vivo studies,
encapsulated BMMC were transplanted into animals with or without
liver injury by CCly and kept for 48 hrs. For in vitro studies the
encapsulated BMMC were co-cultured with hepatocytes isolated from
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rats with CCly-induced acute liver injury or without liver damage for 6
hrs (Figure 1).

In vivo study

-26h Oh 6h 24h 48h

BMMC tx

In vitro study
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Figure 1: Experimental design of in vivo and in vitro studies. ¥
Sacrifice of animals and retrieve of capsules; X Interruption of co-
culture and recovery of encapsulated BMMC

Animals

Adult male Wistar rats weighing 200 to 250 gr were kept under 24
hour light/dark cycles and fed standard chow and water ad /ibitum.
Animals were sacrificed in the CO, chamber, either 6, 24 or 48 hrs
after CCl, administration for in vivo studies (n=3/time point). For in
vitro studies, animals (n=3) were submitted to hepatocyte isolation 24
hrs after CCl; administration. Control animals (n=12, 9 and 3 for in
vivo and in vitro studies, respectively) were submitted to the same
procedures but receiving vehicle instead of CCl. Bone marrow donors
(n=9, 6 and 3 for in vivo and in vitro studies, respectively) were rats
not submitted to any other procedure. This study was approved by the
ethics research committee and national guidelines for animal care
were followed.

Acute liver injury model

Acute liver injury was induced by a single CCl, (VETEC, Brazil)
dose of 1.25 ml/kg diluted in olive oil [2]. A final volume of 1 ml was
administered by gavage. Control animals received only olive oil by
gavage.

Isolation of bone marrow mononuclear cells (BMMC)

BMMC were isolated from the femur and tibia of Wistar rats, as
previously reported [1]. Briefly, bone marrow was flushed with
Dulbecco's Modified Eagle Medium (DMEM-LGC, Brazil)
supplemented with 10% Fetal Bovine Serum (FBS-Gibco, USA) and
1% Penicilin/Streptomicin (P/S-Gibco, USA) and BMMC were
separated onto a Ficoll Histopaque (GE-Healthcare, USA) layer.

BMMC encapsulation

BMMC were encapsulated in sodium alginate microcapsules under
sterile conditions, using the protocol described by our group [28,29].
BMMC were mixed with 1.5% sodium alginate (Sigma-Aldrich, USA)
in DMEM and extruded through an encapsulation unit, type J1 (Nisco,
Zurich, Switzerland), attached to a syringe pump (JMS, Singapore).
Droplets were sheared off with an air flow of 5 L/min delivered to the
tip of a 27-G needle and the rate of infusion was 40 mL/h. The droplets
fell into a bath of 125 mM CaCl, and ionically cross-linked with Ca2*
to form solid spherical hydrogel beads containing embedded cells. For
in vitro experiment, in each well, beads were produced from a volume

of 100 pL of alginate suspension, containing 1x10° of BMMC. The
resulting beads were maintained under normal tissue culture
conditions: DMEM supplemented with 10% FBS and 1% P/S at 37°C
and 5% CO, for 24 hrs prior to administration. For in vivo experiment,
in each well, beads were produced from a volume of 2 mL of alginate
suspension, containing 1x105 BMMC/animal.

Capsules transplantation

For in vivo experiments, 24 hrs after CCl; administration animals
were anesthetized with inhaled isoflurane and a small incision was
made in the abdomen. A total of 1x10° encapsulated BMMC
suspended in 2 mL saline buffer was placed in the peritoneal cavity
(tCCly group, n=3/time). The same procedure was performed in
animals without liver injury (tControl group, n=3/time). Sacrifice was
performed in CO, chambers 6, 24 or 48 hrs after capsules
transplantation. Capsules were retrieved by washing the peritoneal
cavity with Phosphate Buffered Saline (PBS).

Hepatocyte isolation

For in vitro studies hepatocytes were isolated 24 hrs after CCly
using the modified 2-step perfusion method as previously described
[30,31]. Hepatocytes from animals without liver injury were isolated
by the same method. Cells were cultured in DMEM medium,
supplemented with 10% FBS and 1% P/S (Invitrogen, USA) in tissue
culture flasks for 24 hrs prior to co-culture experiments.

In vitro co-culture

Encapsulated BMMC (1x10°) were co-cultured with hepatocytes
(3x10°) from rats with CCl-induced liver injury (cCCly group, n=3)
and controls (cControl group, n=3). In addition to the capsules, both
cell types were separated by a semipermeable transwell membrane (70
um filter; BD, USA) placing the hepatocytes in the lower chamber and
the BMMC in the upper chamber. The cells were co-cultured in
DMEM medium supplemented with 10% FBS and 1% P/S for 6 hrs.

Intracellular lipid droplets

To evaluate the liver injury, cultured hepatocytes were stained with
Oil Red O (ORO, MP Biomedicals, USA) to identify intracellular lipid
droplets (ILD). Hepatocytes were fixed with formalin. After washing, 1
mL of 100% PEG (Ineos, Germany) was added for 2 min, and
ORO/PEG (0.5%) was added for 10 min. After that, cells were rinsed
in 60% PEG for 1 min and washed. Hepatocytes were counter-stained
with hematoxilin and observed under light microscope immediately
[32].

Urea quantification

After co-culture, encapsulated BMMC were removed from
hepatocyte contact, washed with PBS and placed in fresh medium for 2
h. The medium was collected and urea was quantified by Quanti
ChromTM Urea Assay Kit (DIUR-500, BioAssay Systems, USA)
according to the manufacturer’s instructions.

Reverse transcription-polymerase chain reaction (RT-PCR)

Encapsulated BMMC recovered from in vivo and in vitro
experiments were dissolved using a 100-mM sodium citrate (Labsynth,
Brazil) solution prior to RNA extraction. Total RNA was extracted
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using the RNeasy RNA isolation kit (Qiagen, Germany), and Reverse
Transcription (RT) was carried out with 1 ug of RNA. Complementary
DNA (cDNA) was synthesized using Superscript II RNA-reverse
transcriptase (Invitrogen, USA).

For the RT-PCR, 2 pL ¢cDNA-templates were mixed with 5 pL PCR-
buffer, 1.5 mM pl MgCl,, 10 mMol dNTPs, 20 pmol of each primer,
and 2U Taq DNA polymerase in a total volume of 50 pL. All reagents
were from Invitrogen (USA). PCR was carried out using primers and
conditions showed in Table 1. Samples were analyzed on 1.5% agarose
gels stained with ethidium bromide.

PCR
condition

Primer
name

Fragment

Sequence length

For:

5 GGTATGAATATGCAAGAAGT

Alb R 48°C
ev:

5’CACTCTTCCCAGGTTTCTTG3’

350 bp

For:

5’GGACCTCAGCAAGATCATGGC3
Ck-18 50°C 518 bp
Rev:

5’'CCAGGATCTTACGGGTAGTTG3

For:
5'CCCACCCTTCCACTTTCCAGA3’
Afp 54°C
Rev:
5GCTGGAACTGCCTTGTCATA3’

164 bp

For:
5GAGTTGCTGTTGAAGTCACAGG

Gapdh 3
Rev:
5'CAGCAATGCATCCTGCACS'

42°C 429 bp

Alb-  Albumin; Ck-18, Cytokeratin 18; Afp,
Glyceraldehyde 3-phosphate dehydrogenase

Alpha-fetoprotein; Gapdh,

Table 1: Primers and amplification conditions used to analyze gene
expression of BMMC

Statistical analysis

Statistical comparison of urea levels of the cControl and ¢CCly
groups was carried out using Student’s T-test, using the SPSS v.18. The
level accepted for significance was p<0.05.

Results

In vivo experiments

In order to study BMMC differentiation, encapsulated cells were
implanted in the peritoneal cavity of Wistar rats 24 hrs after CCl; or
olive oil administration. In animals from tCCl, group, liver injury was
confirmed at the time of surgery by the characteristic nutmeg aspect of
the liver. Animals from tControl group didn’t present this feature
throughout the study. Animals were sacrificed in CO, chamber after 6,
24 or 48 hrs and capsules were retrieved from the peritoneum.
Capsules were found freely disseminated in the peritoneal cavity and it
was not observed liver tissue from the recipient attached to the
capsules after explantation.

Gene expression pattern was markedly different in BMMC from
tCCly retrieved after 48 hrs, showing the expression of hepatocyte
markers such as Albumin and Cytokeratin 18, but negative for Alfa-
fetoprotein (Figure 2). On the other hand, BMMC retrieved at 6 or 24
hrs after injections were negative for all markers but Gapdh.
Interestingly, BMMC from tControl group were also negative for
hepatocyte markers at all time points, except for the internal control
(Gapdh), showing an expression pattern similar to that of naive
BMMC.

Gapdh
Alb

Afp

Ck18

=)
N
w

Figure 2: BMMC expression of hepatocyte markers 48 hrs after
implantation in animals with CCl,-induced acute liver injury. RT-
PCR analysis of gene expression in encapsulated BMMC from
tControl (lane 1) or tCCly (lane 3) retrieved 48 hrs after
implantation. Positive control (hepatocytes, lane 2)

In vitro experiments

Since encapsulated BMMC showed the expression of hepatocyte
markers 48 hrs after implantation in animals with CCl;-induced acute
liver injury, we tried to replicate the same model in vitro in order to
determine when this reprogramming takes place.

As a way to assess hepatocyte damage in this model, cells isolated
from animals with or without liver injury were stained with oil red. In
CCl, treated animals, esteatose could be observed with several
intracellular lipid droplets, that were absent in control animals.
Furthermore, we observed the macroscopic aspect of nutmeg liver by
the time of hepatocyte isolation.

Encapsulated BMMC that were in co-culture with hepatocytes from
CCl, treated animals for only six hrs showed Albumin expression,
whereas those in contact with control hepatocytes were negative
(Figure 3). No expression of Ck18 or Afp was detected.
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Figure 3: RT-PCR analysis of Alb gene expression in BMMC after 6
hour co-culture. Hepatocyte (positive control, lane 1). Encapsulated
BMMC from cCCly group (lane 2). Encapsulated BMMC from
cControl group (lane 3). Gapdh: internal control

In order to determine if this reprogramming also had functional
repercussion in BMMC we tested urea production by these cells. After
co-culture with hepatocytes, encapsulated BMMC were kept for other
2 hrs in culture, with fresh medium. Urea production was greatly
increased in BMMC from cCCly group (Figure 4) as compared to
cControl group. However, it was lower than the amount produced by
hepatocytes in culture (5.85 mg/dL).

Urea production

8-
6-
—
T
@ 41
E %
24
0l —===m 4
cControl cCCly Hepatocyte

Figure 4: Quantification of urea production in the culture medium
from encapsulated BMMC. Urea production was increased in
BMMC from cCCly group but not in cControl. Medium from
hepatocyte culture was used as reference value. * p=0.033 compared
to cControl group (Student’s T-test)

Discussion

The ability of BMMC to differentiate into hepatocyte-like cells has
been shown both in vivo and in vitro by different groups. In the
present study we have shown that BMMC are able to express
hepatocyte-specific genes after 48 hrs of transplantation in CCly
treated animals. In vitro, these cells express Albumin and produce urea
after only 6 hrs of co-culture with injured hepatocytes.

Several studies have shown the ability of BMMC to differentiate
into hepatocyte-like in vivo. Most of these studies show the expression

of Alb and Afp [12-15,17,33], but also Ck8 and Ckl18 [15]. As in the
previous studies, this differentiation occurs only when BMMC are
transplanted into injured animals, suggesting that liver damage
triggers the release of substances that modulate BMMC gene
expression. However, unlike ours, other groups describe
differentiation after 13 [34] and 60 days [12,13].

There is still debate in the literature if these cells convert into
hepatocyte-like by means of fusion or differentiation [18]. Our results
favor the differentiation hypothesis, in accordance with other study
that used microencapsulated cells [15]. Liu and Chang [15] have
shown that BMMC encapsulated with the APA (Alginate-Polylysine-
Alginate) method improve survival in a 90% partial hepatectomy rat
model of acute liver failure. In addition, they found that some BMMC
express ALB, AFP, CK 8, CK 18 and were able to store glycogen, after
2 weeks of transplantation. In our study, we used similar alginate
microcapsules to isolate BMMC and we observed differentiation signs
in a shorter period of time (48 h). It is important to highlight that we
assessed differentiation by gene expression analysis, whereas the
previous study by Liu and Chang used immunocytochemistry. It was
not possible to prove the expression of ALB, AFP nor CKI8 by
immunocytochemistry due to difficulties in capsule’s histology. It
cannot be ruled out, however, that fusion mechanisms do exist or play
a role in cell-mediated tissue recovery after injury. Yet, in this work
alginate microcapsules prevented any type of fusion between BMMC
and hepatocytes, although allowing for the interchange of soluble
compounds between these two cell types.

In vitro differentiation is usually obtained by the use of growth
factors, especially Hepatocyte Growth Factor (HGF), although quite a
number of differences exist between protocols [19,23-25]. Some
authors have shown differentiation also with hepatocyte conditioned-
medium [21] or serum from patients with hepatitis B virus-associated
liver cirrhosis [35], co-culture with hepatocytes [36-38] or liver
fragments [39] from healthy or injured animals. However, unlike the
present study, the above mentioned groups use MSC and not BMMC.
Even though MSC have a well known differentiation capacity, their
isolation, culture and expansion are time consuming processes and
changes in gene expression at early times like this are not reported by
studies with MSC, which usually differentiate after 3 to 40 days in
culture [22,36]. On the other hand, BMMC are readily available, and
does not need a culture step prior to administration.

Our results showed that BMMC co-cultured with injured
hepatocytes for six hrs showed expression of Albumin and urea
production, both characteristics of hepatocyte activity. It has been
reported that kidney tubular epithelium also produces urea, while
extraembryonic cells express albumin, however, only hepatocytes can
do both [40,41]. In contrast, when BMMC were co-cultured with
hepatocytes isolated from healthy animals, no Albumin expression or
urea production was detected after 6 hrs. Other reports have shown
differentiation of MSC even after co-culture with healthy hepatocytes
[36]. These differences may be reconciled by intrinsic characteristics of
the cell types used in this study or by the short period of time analyzed.
On the one hand, BMMC are composed of phenotypically and
functionally different cell populations and we have preliminary data
indicating that is the non-adherent fraction of bone marrow
mononuclear cells that differentiates. = However, further
characterization of these cells is still pending. On the other hand, it is
possible that injured hepatocytes secrete paracrine factors that lead to
BMMC reprogramming sooner than healthy hepatocytes [42,43].

J Cell Sci Ther
ISSN:2157-7013 JCEST, an open access Journal

Volume 5 « Issue 3 « 1000163



Citation:

Matte U, Cruz CU, Lépez ML, Simon L, Mayer FQ, et al. (2014) Bone Marrow-Derived Mononuclear Cells Differentiate into Hepatocyte-

Like Cells within Few Hrs without Fusion. J Cell Sci Ther 5: 163. doi:10.4172/2157-7013.1000163

Page 5 of 6

Interestingly, in vivo differentiation occurred only after 48 hrs. Itis  14. Sato Y1, Araki H, Kato J, Nakamura K, Kawano Y, et al. (2005) Human
possible that in vitro hepatocytes secrete factors at higher mesenchymal stem cells xe.nografted. directly to rat liver are differentiated
concentrations, thus inducing differentiation in shorter times. into human hepatocytes without fusion. Blood 106: 756-763.

) ) ) 15. Liu ZCl1, Chang TM (2006) Transdifferentiation of bioencapsulated bone

In summary, this work shows that BMMC are able to differentiate marrow cells into hepatocyte-like cells in the 90% hepatectomized rat
into hepatocyte-like cells in a short period of time both in vivo as in model. Liver Transpl 12: 566-572.
vitro. This differentiation occurs without fusion and is triggered by 16. Oh SH, Witek RP, Bae SH, Zheng D, Jung Y, et al. (2007) Bone marrow-
factors present only in injured liver. The identification of such factors derived hepatic oval cells differentiate into hepatocytes in 2-
and of the cells in the mononuclear fraction that respond to them is acetylaminofluorene/partial hepatectomy-induced liver regeneration.
under further investigation. Gastroenterology 132: 1077-1087.

17. Choi D, Kim JH, Lim M, Song KW, Paik SS, et al. (2008) Hepatocyte-like
cells from human mesenchymal stem cells engrafted in regenerating rat

Acknowledgements liver tracked with in vivo magnetic resonance imaging. Tissue Eng Part C

This work was supported by: Research Incentive Fund of Hospital Methods 14: (1)5_22 d G ) 1
de Clinicas de Porto Alegre (FIPE-HCPA No.08-695); The National 18.  Bustamante Q rueso E, Escudero RG, Arza E, Barrientos AA, et al.

. L . . (2012) Cell fusion reprogramming leads to a specific hepatic expression

Council for Scientific and Technological Development of Brazil . . S

- pattern during mouse bone marrow derived hepatocyte formation in

(CNPq), Fund for Research Support of the State of Rio Grande do Sul Vivo. PLoS One 7: €33945.

(FAPERGS) and Program for Support of Centers of Excellence 19. Lee KD, Kuo TK, Whang-Peng J, Chung YF, Lin CT, et al. (2004) In vitro

(PRONEX - FAPERGS/CNPq n. 008/2009). hepatic differentiation of human mesenchymal stem cells. Hepatology 40:

1275-1284.

References 20. Cai YF, Zhen ZJ, Min J, Fang TL, Chu ZH, et al. (2004) Selection,

proliferation and differentiation of bone marrow-derived liver stem cells

1.  Belardinelli MC, Pereira F, Baldo G, Vicente Tavares AM, Kieling CO, et with a culture system containing cholestatic serum in vitro. World |
al. (2008) Adult derived mononuclear bone marrow cells improve Gastroenterol 10: 3308-3312.
survival in a model of acetaminophen-induced acute liver failure in rats. 21. Chen Y, Dong XJ, Zhang GR, Shao JZ, Xiang LX (2007) In vitro
Toxicology 247: 1-5. differentiation of mouse bone marrow stromal stem cells into

2. Baldo G, Giugliani R, Uribe C, Belardinelli MC, Duarte ME, et al. (2010) hepatocytes induced by conditioned culture medium of hepatocytes. ]
Bone marrow mononuclear cell transplantation improves survival and Cell Biochem 102: 52-63.
in‘duccis he.patocyte proliferation in rats after CCI(4) acute liver damage. 22. Pournasr B, Mohamadnejad M, Bagheri M, Aghdami N, Shahsavani M,
Dig Dis Sci 55: 3384-3392. et al. (2011) In vitro differentiation of human bone marrow

3. Couto BG, Goldenberg RC, da Fonseca LM, Thomas ], Gutfilen B, et al. mesenchymal stem cells into hepatocyte-like cells. Arch Iran Med 14:
(2011) Bone marrow mononuclear cell therapy for patients with 244-249.
cirrhosis: a Phase 1 study. Liver Int 31: 391-400. 23. Ayatollahi M, Soleimani M, Tabei SZ, Kabir Salmani M (2011)

4.  Saito T, Okumoto K, Haga H, Nishise Y, Ishii R, et al. (2011) Potential Hepatogenic differentiation of mesenchymal stem cells induced by
therapeutic application of intravenous autologous bone marrow infusion insulin like growth factor-1. World J Stem Cells 3: 113-121.
in patients with alcoholic liver cirrhosis. Stem Cells Dev 20: 1503-1510. 24. Dong X, Pan R, Zhang H, Yang C, Shao J, et al. (2013) Modification of

5.  Amer ME, El-Sayed SZ, El-Kheir WA, Gabr H, Gomaa AA, et al. (2011) histone acetylation facilitates hepatic differentiation of human bone
Clinical and laboratory evaluation of patients with end-stage liver cell marrow mesenchymal stem cells. PLoS One 8: e63405.
failure injected with bone marrow-derived hepatocyte-like cells. Eur J 25. Oh SH, Miyazaki M, Kouchi H, Inoue Y, Sakaguchi M, et al. (2000)
Gastroenterol Hepatol 23: 936-941. Hepatocyte growth factor induces differentiation of adult rat bone

6.  Baldo G, Kretzmann NA, Tieppo J, Filho GP, Cruz CU, et al. (2011) Bone marrow cells into a hepatocyte lineage in vitro. Biochem Biophys Res
Marrow Cells Reduce Collagen Deposition in the Rat Model of Common Commun 279: 500-504.

Bile DuctLigation. J Cell Sci Ther 2: 112. 26. Maguire T, Novik E, Schloss R, Yarmush M (2006) Alginate-PLL

7.  Kawada H, Fujita ], Kinjo K, Matsuzaki Y, Tsuma M, et al. (2004) microencapsulation: effect on the differentiation of embryonic stem cells
Nonhematopoietic mesenchymal stem cells can be mobilized and into hepatocytes. Biotechnol Bioeng 93: 581-591.
differentiate into cardiomyocytes after myocardial infarction. Blood 104: 55 14, 7, Chang TM (2010) Artificial cell microencapsulated stem cells in
3581-3587. regenerative medicine, tissue engineering and cell therapy. Adv Exp Med

8.  Hattan N, Kawaguchi H, Ando K, Kuwabara E, Fujita J, et al. (2005) Biol 670: 68-79.

Purified cardiomyocytes from bone marrow mesenchymal stem cells g Lagranha VL, Baldo G, de Carvalho TG, Burin M, Saraiva-Pereira ML, et
produce stable intracardiac grafts in mice. Cardiovasc Res 65: 334-344. al. (2008) In vitro correction of ARSA deficiency in human skin

9.  Oswald J, Boxberger S, Jorgensen B, Feldmann S, Ehninger G, et al. fibroblasts from Metachromatic Leukodystrophy patients after treatment
(2004) Mesenchymal stem cells can be differentiated into endothelial cells with microencapsulated recombinant cells. Metab Brain Dis 23: 469-484.
in vitro. Stem Cells 22: 377-384. 29. Mayer FQ, Baldo G, de Carvalho TG, Lagranha VL, Giugliani R, et al.

10. Mezey E, Chandross K], Harta G, Maki RA, McKercher SR (2000) (2010) Effects of cryopreservation and hypothermic storage on cell
Turning blood into brain: cells bearing neuronal antigens generated in viability and enzyme activity in recombinant encapsulated cells
vivo from bone marrow. Science 290: 1779-1782. overexpressing alpha-L-iduronidase. Artif Organs 34: 434-439.

11.  Woodbury D, Schwarz EJ, Prockop DJ, Black IB (2000) Adult rat and 30, Seglen PO (1976) Preparation of isolated rat liver cells. Methods Cell Biol
human bone marrow stromal cells differentiate into neurons. ] Neurosci 13: 29-83.

Res 61: 364-370. 3]1. Rodrigues D, Reverbel da Silveira T, Matte U; Study Group on

12. Lagasse E, Connors H, Al-Dhalimy M, Reitsma M, Dohse M, et al. (2000) Experimental ~Hepatology ~(2012) Freshly isolated hepatocyte
Purified hematopoietic stem cells can differentiate into hepatocytes in transplantation in acetaminophen-induced hepatotoxicity model in rats.
vivo. Nat Med 6: 1229-1234. Arq Gastroenterol 49: 291-295.

13. Theise ND, Badve S, Saxena R, Henegariu O, Sell S, et al. (2000) 32. Kinkel AD, Fernyhough ME, Helterline DL, Vierck JL, Oberg KS, et al.
Derivation of hepatocytes from bone marrow cells in mice after (2004) Oil red-O stains non-adipogenic cells: a precautionary note.
radiation-induced myeloablation. Hepatology 31: 235-240. Cytotechnology 46: 49-56.

J Cell Sci Ther

ISSN:2157-7013 JCEST, an open access Journal

Volume 5 « Issue 3 « 1000163


http://www.ncbi.nlm.nih.gov/pubmed/18336983
http://www.ncbi.nlm.nih.gov/pubmed/18336983
http://www.ncbi.nlm.nih.gov/pubmed/18336983
http://www.ncbi.nlm.nih.gov/pubmed/18336983
http://www.ncbi.nlm.nih.gov/pubmed/20397054
http://www.ncbi.nlm.nih.gov/pubmed/20397054
http://www.ncbi.nlm.nih.gov/pubmed/20397054
http://www.ncbi.nlm.nih.gov/pubmed/20397054
http://www.ncbi.nlm.nih.gov/pubmed/21281433
http://www.ncbi.nlm.nih.gov/pubmed/21281433
http://www.ncbi.nlm.nih.gov/pubmed/21281433
http://www.ncbi.nlm.nih.gov/pubmed/21417817
http://www.ncbi.nlm.nih.gov/pubmed/21417817
http://www.ncbi.nlm.nih.gov/pubmed/21417817
http://www.ncbi.nlm.nih.gov/pubmed/21900788
http://www.ncbi.nlm.nih.gov/pubmed/21900788
http://www.ncbi.nlm.nih.gov/pubmed/21900788
http://www.ncbi.nlm.nih.gov/pubmed/21900788
http://omicsonline.org/bone-marrow-cells-reduce-collagen-deposition-in-the-rat-model-of-common-bile-duct-ligation-2157-7013.1000112.pdf
http://omicsonline.org/bone-marrow-cells-reduce-collagen-deposition-in-the-rat-model-of-common-bile-duct-ligation-2157-7013.1000112.pdf
http://omicsonline.org/bone-marrow-cells-reduce-collagen-deposition-in-the-rat-model-of-common-bile-duct-ligation-2157-7013.1000112.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15297308
http://www.ncbi.nlm.nih.gov/pubmed/15297308
http://www.ncbi.nlm.nih.gov/pubmed/15297308
http://www.ncbi.nlm.nih.gov/pubmed/15297308
http://www.ncbi.nlm.nih.gov/pubmed/15639472
http://www.ncbi.nlm.nih.gov/pubmed/15639472
http://www.ncbi.nlm.nih.gov/pubmed/15639472
http://www.ncbi.nlm.nih.gov/pubmed/15153614
http://www.ncbi.nlm.nih.gov/pubmed/15153614
http://www.ncbi.nlm.nih.gov/pubmed/15153614
http://www.ncbi.nlm.nih.gov/pubmed/11099419
http://www.ncbi.nlm.nih.gov/pubmed/11099419
http://www.ncbi.nlm.nih.gov/pubmed/11099419
http://www.ncbi.nlm.nih.gov/pubmed/10931522
http://www.ncbi.nlm.nih.gov/pubmed/10931522
http://www.ncbi.nlm.nih.gov/pubmed/10931522
http://www.ncbi.nlm.nih.gov/pubmed/11062533
http://www.ncbi.nlm.nih.gov/pubmed/11062533
http://www.ncbi.nlm.nih.gov/pubmed/11062533
http://www.ncbi.nlm.nih.gov/pubmed/10613752
http://www.ncbi.nlm.nih.gov/pubmed/10613752
http://www.ncbi.nlm.nih.gov/pubmed/10613752
http://www.ncbi.nlm.nih.gov/pubmed/15817682
http://www.ncbi.nlm.nih.gov/pubmed/15817682
http://www.ncbi.nlm.nih.gov/pubmed/15817682
http://www.ncbi.nlm.nih.gov/pubmed/16496278
http://www.ncbi.nlm.nih.gov/pubmed/16496278
http://www.ncbi.nlm.nih.gov/pubmed/16496278
http://www.ncbi.nlm.nih.gov/pubmed/17383429
http://www.ncbi.nlm.nih.gov/pubmed/17383429
http://www.ncbi.nlm.nih.gov/pubmed/17383429
http://www.ncbi.nlm.nih.gov/pubmed/17383429
http://www.ncbi.nlm.nih.gov/pubmed/18454642
http://www.ncbi.nlm.nih.gov/pubmed/18454642
http://www.ncbi.nlm.nih.gov/pubmed/18454642
http://www.ncbi.nlm.nih.gov/pubmed/18454642
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0033945
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0033945
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0033945
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0033945
http://www.ncbi.nlm.nih.gov/pubmed/15562440
http://www.ncbi.nlm.nih.gov/pubmed/15562440
http://www.ncbi.nlm.nih.gov/pubmed/15562440
http://www.ncbi.nlm.nih.gov/pubmed/15484306
http://www.ncbi.nlm.nih.gov/pubmed/15484306
http://www.ncbi.nlm.nih.gov/pubmed/15484306
http://www.ncbi.nlm.nih.gov/pubmed/15484306
http://www.ncbi.nlm.nih.gov/pubmed/17340623
http://www.ncbi.nlm.nih.gov/pubmed/17340623
http://www.ncbi.nlm.nih.gov/pubmed/17340623
http://www.ncbi.nlm.nih.gov/pubmed/17340623
http://www.ncbi.nlm.nih.gov/pubmed/21726099
http://www.ncbi.nlm.nih.gov/pubmed/21726099
http://www.ncbi.nlm.nih.gov/pubmed/21726099
http://www.ncbi.nlm.nih.gov/pubmed/21726099
http://www.ncbi.nlm.nih.gov/pubmed/22224170
http://www.ncbi.nlm.nih.gov/pubmed/22224170
http://www.ncbi.nlm.nih.gov/pubmed/22224170
http://www.ncbi.nlm.nih.gov/pubmed/23658825
http://www.ncbi.nlm.nih.gov/pubmed/23658825
http://www.ncbi.nlm.nih.gov/pubmed/23658825
http://www.ncbi.nlm.nih.gov/pubmed/11118315
http://www.ncbi.nlm.nih.gov/pubmed/11118315
http://www.ncbi.nlm.nih.gov/pubmed/11118315
http://www.ncbi.nlm.nih.gov/pubmed/11118315
http://www.ncbi.nlm.nih.gov/pubmed/16345081
http://www.ncbi.nlm.nih.gov/pubmed/16345081
http://www.ncbi.nlm.nih.gov/pubmed/16345081
http://www.ncbi.nlm.nih.gov/pubmed/20384219
http://www.ncbi.nlm.nih.gov/pubmed/20384219
http://www.ncbi.nlm.nih.gov/pubmed/20384219
http://www.ncbi.nlm.nih.gov/pubmed/18797988
http://www.ncbi.nlm.nih.gov/pubmed/18797988
http://www.ncbi.nlm.nih.gov/pubmed/18797988
http://www.ncbi.nlm.nih.gov/pubmed/18797988
http://www.ncbi.nlm.nih.gov/pubmed/20633158
http://www.ncbi.nlm.nih.gov/pubmed/20633158
http://www.ncbi.nlm.nih.gov/pubmed/20633158
http://www.ncbi.nlm.nih.gov/pubmed/20633158
http://www.ncbi.nlm.nih.gov/pubmed/177845
http://www.ncbi.nlm.nih.gov/pubmed/177845
http://www.ncbi.nlm.nih.gov/pubmed/23329225
http://www.ncbi.nlm.nih.gov/pubmed/23329225
http://www.ncbi.nlm.nih.gov/pubmed/23329225
http://www.ncbi.nlm.nih.gov/pubmed/23329225
http://www.ncbi.nlm.nih.gov/pubmed/19003258
http://www.ncbi.nlm.nih.gov/pubmed/19003258
http://www.ncbi.nlm.nih.gov/pubmed/19003258

Citation:

Matte U, Cruz CU, Lépez ML, Simon L, Mayer FQ, et al. (2014) Bone Marrow-Derived Mononuclear Cells Differentiate into Hepatocyte-

Like Cells within Few Hrs without Fusion. J Cell Sci Ther 5: 163. doi:10.4172/2157-7013.1000163

Page 6 of 6
33. Hwang S, Hong HN, Kim HS, Park SR, Won Y], et al. (2012) with growth-factor-free coculture method in liver-injured rats. Tissue
Hepatogenic differentiation of mesenchymal stem cells in a rat model of Eng Part A 16: 2649-2659.
thioacetamide-induced liver cirrhosis. Cell Biol Int 36: 279-288. 39. Luk JM, Wang PP, Lee CK, Wang JH, Fan ST (2005) Hepatic potential of
34. Petersen BE, Bowen WC, Patrene KD, Mars WM, Sullivan AK, et al. bone marrow stromal cells: development of in vitro co-culture and intra-
(1999) Bone marrow as a potential source of hepatic oval cells. Science portal transplantation models. ] Immunol Methods 305: 39-47.
284:1168-1170. 40. Cho CH, Parashurama N, Park EY, Suganuma K, Nahmias Y, et al.
35. Yamazaki S, Miki K, Hasegawa K, Sata M, Takayama T, et al. (2003) Sera (2008) Homogeneous differentiation of hepatocyte-like cells from
from liver failure patients and a demethylating agent stimulate embryonic stem cells: applications for the treatment of liver failure.
transdifferentiation of murine bone marrow cells into hepatocytes in FASEB ] 22: 898-909.
coculture with nonparenchymal liver cells. ] Hepatol 39: 17-23. 41. Dunn JCI, Tompkins RG, Yarmush ML (1991) Long-term in vitro
36. Qihao Z, Xigu C, Guanghui C, Weiwei Z (2007) Spheroid formation and function of adult hepatocytes in a collagen sandwich configuration.
differentiation into hepatocyte-like cells of rat mesenchymal stem cell Biotechnol Prog 7: 237-245.
induced by co-culture with liver cells. DNA Cell Biol 26: 497-503. 42. Quesenberry PJ, Aliotta JM (2010) Cellular phenotype switching and
37. LiL, Sharma N, Chippada U, Jiang X, Schloss R, et al. (2008) Functional microvesicles. Adv Drug Deliv Rev 62: 1141-1148.
modulation of ES-derived hepatocyte lineage cells via substrate 43 Muraca M (2011) Evolving concepts in cell therapy of liver disease and
compliance alteration. Ann Biomed Eng 36: 865-876. current clinical perspectives. Dig Liver Dis 43: 180-187.
38. Li TZ, Kim JH, Cho HH, Lee HS, Kim KS, et al. (2010) Therapeutic
potential of bone-marrow-derived mesenchymal stem cells differentiated
J Cell Sci Ther

ISSN:2157-7013 JCEST, an open access Journal

Volume 5 « Issue 3 « 1000163


http://www.ncbi.nlm.nih.gov/pubmed/21966929
http://www.ncbi.nlm.nih.gov/pubmed/21966929
http://www.ncbi.nlm.nih.gov/pubmed/21966929
http://www.ncbi.nlm.nih.gov/pubmed/10325227
http://www.ncbi.nlm.nih.gov/pubmed/10325227
http://www.ncbi.nlm.nih.gov/pubmed/10325227
http://www.ncbi.nlm.nih.gov/pubmed/12821039
http://www.ncbi.nlm.nih.gov/pubmed/12821039
http://www.ncbi.nlm.nih.gov/pubmed/12821039
http://www.ncbi.nlm.nih.gov/pubmed/12821039
http://www.ncbi.nlm.nih.gov/pubmed/17630854
http://www.ncbi.nlm.nih.gov/pubmed/17630854
http://www.ncbi.nlm.nih.gov/pubmed/17630854
http://www.ncbi.nlm.nih.gov/pubmed/18266108
http://www.ncbi.nlm.nih.gov/pubmed/18266108
http://www.ncbi.nlm.nih.gov/pubmed/18266108
http://www.ncbi.nlm.nih.gov/pubmed/20367252
http://www.ncbi.nlm.nih.gov/pubmed/20367252
http://www.ncbi.nlm.nih.gov/pubmed/20367252
http://www.ncbi.nlm.nih.gov/pubmed/20367252
http://www.ncbi.nlm.nih.gov/pubmed/16150456
http://www.ncbi.nlm.nih.gov/pubmed/16150456
http://www.ncbi.nlm.nih.gov/pubmed/16150456
http://www.ncbi.nlm.nih.gov/pubmed/17942827
http://www.ncbi.nlm.nih.gov/pubmed/17942827
http://www.ncbi.nlm.nih.gov/pubmed/17942827
http://www.ncbi.nlm.nih.gov/pubmed/17942827
http://www.ncbi.nlm.nih.gov/pubmed/1367596
http://www.ncbi.nlm.nih.gov/pubmed/1367596
http://www.ncbi.nlm.nih.gov/pubmed/1367596
http://www.ncbi.nlm.nih.gov/pubmed/20558219
http://www.ncbi.nlm.nih.gov/pubmed/20558219
http://www.ncbi.nlm.nih.gov/pubmed/20869923
http://www.ncbi.nlm.nih.gov/pubmed/20869923

	Contents
	Bone Marrow-Derived Mononuclear Cells Differentiate into Hepatocyte-Like Cells within Few Hrs without Fusion
	Abstract
	Keywords:
	Introduction
	Methods
	Experimental design
	Animals
	Acute liver injury model
	Isolation of bone marrow mononuclear cells (BMMC)
	BMMC encapsulation
	Capsules transplantation
	Hepatocyte isolation
	In vitro co-culture

	Intracellular lipid droplets
	Urea quantification
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Statistical analysis

	Results
	In vivo experiments
	In vitro experiments

	Discussion
	Acknowledgements
	References




