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ABSTRACT
Adult derived mononuclear bone marrow cells
are a good alternative as cell therapy. These
cells are capable of significantly improve survival rate of Wistar rats with acetaminophen
(APAP) induced acute liver failure in ten days.
However, long term of cell therapy is not deeply
studied in the literature. Here, we report an extramedullary hematopoiesis process derived
from transplanted mononuclear bone marrow
cells in the liver of rats 10 days after APAP injection. This result indicates that liver maintains an adequate microenvironment for the occurrence of extramedullary hematopoiesis process. The consequence of this finding deserves
more studies.
Keywords: Extramedullary Hematopoiesis; Bone
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1. INTRODUCTION
Acute liver failure (ALF) is characterized by a rapid
loss of hepatic function, with high mortality [1]. Acetaminophen (APAP) intoxication is one of the mainly
causes of ALF [2]. Therapeutic doses (>90%) of APAP
are glucuronidated or sulfated and then excreted [3]. A
small percentage is metabolized by cytochrome P450 enzymes (CYP) to the reactive intermediate N-acetyl-pbenzoquinone imine (NAPQI), which is detoxified by
conjugation with glutathione (GSH) [4]. Overdoses of
APAP lead to high levels of NAPQI, causing cell necrosis by abrogation of calcium influx to the mitochondria
[3,5]. Several studies have shown the capacity of adult
bone marrow cells in liver repair, suggesting their use for
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treating ALF [6,7]. These cells may participate in liver
regeneration via proliferation and transdifferentiation
into hepatocytes [7]. Also, some groups have proposed a
paracrine effect that enhances hepatocyte proliferation [6,
8].
In a previous work we have shown the capacity of
adult derived mononuclear bone marrow cells to improve
the survival of Wistar rats with acetaminophen (APAP)induced acute liver failure (ALF) [8]. The underlying
mechanism probably involves paracrine effects of bone
marrow cells that stimulate hepatocyte proliferation in
the regenerating liver [6]. Beneficial aspects of bone marrow derived cells have been reported in different conditions [9]. However, long term and safety effects of cell
therapy are not well explored in the literature. Here we
report the unexpected finding of bone marrow derived
extramedullary hematopoiesis in the liver of rats that survived for 10 days after APAP injection.

2. MATERIALS AND METHODS
2.1. Animal Model
Experimental procedures were similar to those described in Bellardinelli et al. (2008) [8]. Briefly, female Wistar rats (n = 9) were pre-induced with phenobarbital (Aventis®, Brazil) (0.4 g/L, or approximately 0.1 mg/kg body
weight) in drinking water. After four days, the animals
were given APAP (Medley®, Brazil) in a single dose of 1
g/kg via intraperitoneal injection. This work was approved
by the Research Ethics Committee of Hospital de Clínicas
de Porto Alegre.

2.2. Mononuclear Cell Therapy
Twenty four hours after APAP-induced ALF, animals
were anesthetized with 100 mg/kg of Ketamine (EuroOPEN ACCESS
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farma Lab LTDA, SP, Brazil) 10% and 10 mg/kg of Xylazine (Sespo Ind and Com LTDA, SP, Brazil) 2% intraperitoneally, and a longitudinal abdominal incision was
performed to inject the bone marrow mononuclear cells
(BMMC).
Whole bone marrow cells were obtained from male
donor rats by flushing the femur and tibia with Dulbecco’s modified eagle’s medium (DMEM, Invitrogen,
USA) and bone marrow mononuclear cells were purified
using FICOLL (GE-Healthcare, USA) gradient. BMMC
were injected through the exposed portal vein in a volume of 0.2 mL containing 1 × 106 cells. The APAP-induced ALF rats were kept for 10 days after BMMC injection, and then euthanized in a CO2 chamber.

Figure 1. Hematoxilin-Eosin slides from liver sections 10 days
after APAP injection in animals that received BMMC. (A) Hepatocyte proliferation (arrow head); (B) Focus of extramedullary hematopoiesis (arrow).

2.3. Histology and DNA Processing
Immediately after sacrificed of rats, the liver was collected, placed in 10% buffered formalin solution for 24 h,
and submitted to routine histology processing. H-E staining sections were analyzed under optic microscopy by a
trained pathologist. To confirm donor-derived origin, recipient female liver samples were screened for the presence of the Y-chromosome gene Sry by PCR. For that,
paraffin-embedded tissue was microdissected under inverse microscope. DNA was extracted from 20 µm sections as described by Coura et al. (2005) [10] using UltraClean Blood DNA Isolation (MoBio, USA), according
to the manufacturer’s instructions. DNA was quantified
using Nanodrop (Thermo Scientific, USA) and 100 ng
were used as template. The Sry gene was amplified using
20 pmol of each primer (SRY forward 5’-AAGCGCCC
CATGAATGCATT-3’ and SRY reverse 5’-CAGCTGCT
TGCTGATCTCTG-3’), 5 µl of buffer (75 mM TrisHCl—pH 9.0; 2 mM MgCl2; 50 mM KCl, 20 mM, 107
(NH4)2SO4; 0.001% BSA); 0.2 mM dNTP; 1.5 mM of
MgCl2 and 3 U of Taq DNA polymerase. Annealing temperature was 62˚C, and amplification was performed using 32 PCR cycles. A PCR product of 102 bp was visualized in 1.6% agarose gel.

3. RESULTS
All but two animals (that died on day 6) survived for
10 days. Liver histology showed a recovery in the tissue,
with many cells still proliferating after 10 days (Figure
1(A)). Moreover, in the H-E slides, clusters of cells were
observed near the vessels (Figure 1(B)) in 4 animals.
The cells showed blast cell morphology such as small
size, large and acentric nuclei, and scant cytoplasm. To
elucidate the origin of these cells, a micro-dissection of
this area was performed for DNA extraction. PCR for Sry
gene was positive (Figure 2), confirming that these cells
derived from the male bone marrow donors.
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Figure 2. PCR analysis of Sry gene in the microdissected area presented in figure 1-B.
Lane 1—blank; lane 2—positive control (male
liver); lane 3—female liver that received
BMMC.

4. DISCUSSION
In adults, extramedullary hematopoiesis is known to
take place in the liver when the function of bone marrow
is severely suppressed [11]. There are case reports on
severe adverse reactions in the bone marrow caused by
APAP ingestion. Some are related to overdosis [12] or
drug combinations [13,14]. Transient effects of DNA
synthesis inhibition have been reported, but they seem to
resolve in four hours [15]. In our study, no systemic adverse events, such as bleeding or fatigue, were observed.
During acute liver injury many soluble factors are secreted that may also play a role in hematopoiesis such as
Interleukin 1 and 6 (IL-1, -6) [16]. For instance, IL-1
regulates the various stages of normal hematopoiesis [17].
Recently, had been shown that liver sinusoidal endothelial cells (LSEC) secrete chemokine stromal-derived
factor (SDF-1), which regulates the trafficking/ homing
of hematopoietic stem cells to the bone marrow or other
organs during extramedullary hematopoiesis [18]. This
indicates that LSEC microenvironment constitutes an extramedullary niche for hematopoietic stem cells [19].
Also, Kupffer cells together with endothelial cells, fibroblasts and adipocytes form a suitable hematopoietic
microenviroment that regulates in vivo and in vitro hematopoiesis. There is evidence that this micro-environment
takes place in the periportal domains of the liver [19] as
seen in our study (Figure 1(B)).
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In conclusion, the results showed here suggest that
BMMC are able to initiate extramedullary hematopoiesis.
Interestingly, the liver retains the adequate micro-environment to let the cells mature and differentiate after
an injury. The consequences of this finding for cell therapy protocols deserve further investigations.
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