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Abnormal hematological indices (HIs), a complication of liver cirrhosis (LC), present difficulties in the
treatment of LC and pose a serious threat to the survival of patients. LC is a dynamic wound-healing pro-
cess that occurs in response to repeated liver injury and is a chronic disorder associated with changes in
various organs and tissues. It has been reported that humoral inhibitor in the formation of LC could affect
the hematogenic functions of bone marrow (BM) by acting on erythroid differentiation. This indicates
that the BM microenvironment is affected by humoral inhibitor in LC. Bone marrow endothelial cells
(BMECs) are very important components of the BM microenvironment that function as the cytoskeleton
to support the adhesion of hematopoietic stem cells (HSCs). In addition, they can secrete cytokines, which
have important functions in regulating positioning, homing, proliferation, differentiation and other func-
tions of HSCs on the BM microenvironment. These functions of BMECs may be affected due to direct con-
tact with blood and long-term exposure to an environment with humoral inhibitor in the presence of LC.
Multiple studies have shown that during the formation of LC, hepatic sinusoid endothelial cells were
damaged and secreted cytokines and matrix proteins. Moreover, these cytokines and matrix proteins
were involved in the formation and development of LC. Similar in function to mature-stage BM, liver
at the embryonic stage also functions as a type of hematogenic organ. With similar anatomical position
and functions to that of hepatic sinusoid endothelial cells, BMECs may undergo similar changes and
impair hematogenic function of BM. More importantly, we found even more convincing evidence in that
the humoral inhibitor in LC could lead to the ultrastructural damage of BMECs that were positively
related to the degree of severity of LC. Therefore, we hypothesise the existence of a novel mechanism
for abnormal HIs in LC: the continuous humoral inhibitor may lead to abnormal cytokine secretion of
BMECs and attenuate their supporting functions, and such alterations of BMECs may lead to BM micro-
environment disorder and dysfunction of HSCs, finally causing abnormal HIs.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

Liver cirrhosis (LC) is a serious digestive system disease that has
been threatening the survival and health of human beings for a
long time, always having a poor prognosis after surgical treatments
and internal medical treatments. Abnormal haematological indices
(HIs) are frequently observed in chronic liver diseases, particularly
in patients with LC. In a recent analysis of homogenous patients
with compensated Child-Pugh class A/B cirrhosis, 84% were found
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to have abnormal HIs. These abnormalities were primarily simple
thrombocytopenia or combined thrombocytopenia and granulope-
nia, and the prognosis of these patients was poor [1]. Additionally,
these abnormal HIs may lead to severe clinical complications and
may be the limiting factors in corresponding invasive operations
such as liver puncture, liver biopsy, endoscopy or surgical treat-
ments. Leucopenia may increase the risk of infection after opera-
tion. Thrombocytopenia may increase the risk of haemorrhage,
both of oesophageal varices and otherwise, during and after oper-
ations, while anaemia may lead to even more serious consequences
after haemorrhagic events [2]. Some studies have reported results
in reference to the pathogenesis of abnormal HIs in cases of LC.
Hypersplenism or decreased thrombopoietin in LC may lead to
aleucia [3]. Portal hypertension may cause alimentary tract haem-
orrhage, hemolysis and loss of hematopoietic substances, such as
ferrum, folic acid and others, which may further lead to anaemia
[4]. Bone marrow (BM) depression induced by viral hepatitis, drug
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or alcohol abuse may also affect hematopoiesis [5-6]. Furthermore,
previous studies have indicated that LC is a type of dynamic repair-
ing process for wounds in response to liver damage and that it is
related to multiple organs and systems [7-8]. Bauer et al. found
that humoral inhibitor in the formation of LC could affect the
hematogenic functions of BM by acting on erythroid differentiation
[9]. This indicated that the BM microenvironment is affected by
humoral inhibitor in cases of LC.

The major hematogenic cells during BM hematopoiesis are
hematopoietic stem cells (HSCs), and the place for their survival
and function is referred to as the BM microenvironment. Bone mar-
row endothelial cells (BMECs) are very important components of
the BM microenvironment, constituting the barrier between the
BM microenvironment and peripheral blood circulation [10].
BMECs directly contact with blood and are thus continuously ex-
posed to the systemic environment, which will result in exposure
to etiological factors of LC for a long duration. Conversely, BMECs
function as the cytoskeleton to support the adhesion of HSCs. More
importantly, they can secrete cytokines, such as interleukin 6 (IL6),
interleukin 11 (IL11) and transforming growth factor-beta (TGF-
beta), among others, into the BM microenvironment by paracrine
secretion [11,12]. Several reports have confirmed that these cyto-
kines have important functions in the regulation of positioning,
homing, proliferation and differentiation, among other functions,
of HSCs [13-15]. If BMECs are damaged, resulting in dysfunction,
the hematopoietic function of BM may therefore also be damaged.
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Fig. 1. The brief roadmap of our hypothesis. The biological process depicted on the
left has been confirmed: the liver sinusoidal vascular endothelial cells are damaged
and abnormally secrete cytokines in cases of LC. The cytokines promote the
formation and development of LC. The biological process on the right represents our
current hypothesis and needs to be confirmed. Similar to the function and
anatomical location of liver sinusoidal vascular endothelial cells, BMECs may be
damaged and abnormally secrete cytokines in LC.

Moreover, numerous studies have shown that hepatic sinusoid
endothelial cells were damaged during the formation of LC and
subsequently secreted cytokines and matrix proteins such as
TGF-beta, perlecan and fibronectin, among others. These cytokines
and matrix proteins are involved in the formation and develop-
ment of LC [16-19]. It is well known that similar to the functions
of BM at mature stages, liver at the embryonic stage also functions
as a hematogenic organ. However, it is not known if BMECs with
similar anatomical positions and functions as those of hepatic sinu-
soid endothelial cells undergo similar changes and impair hemato-
genic functions of BM.

Therefore, we hypothesise that the continuous humoral inhibi-
tor during the formation of LC could lead to damage and abnormal
cytokine secretion of BMECs, attenuating their supporting func-
tions. Disturbance of the BM microenvironment and dysfunction
of HSCs may be a result of such damage to BMECs. Investigation
to address this hypothesis may potentially provide a novel mecha-
nism to explain abnormal HIs in LC.

Hypothesis

It has been confirmed by previous studies that humoral inhibi-
tor in LC may lead to poor differentiation of initial cells in BM, indi-
cating that the BM microenvironment can be affected in LC [1]. As
important components of the BM microenvironment, BMECs ex-
press adhesion molecules and secrete cytokines to regulate the
functions of HSCs, and they are exposed to humoral inhibitor in
LC for relatively long periods of time [10-12]. Additionally, BMECs,
which are similar in function and in anatomical location of liver
sinusoidal vascular endothelial cells, may be damaged and abnor-
mally secrete cytokines in cases of LC [16]. Thus, it is reasonable
to hypothesise that the continuous humoral inhibitor that is a fea-
ture of LC may lead to damage and abnormal cytokine secretion of
BMECs, ultimately attenuating their supporting functions. The re-
sults may lead to BM microenvironment disturbance and dysfunc-
tion of HSCs and finally cause abnormal HIs. Our hypothesis will
provide a new angle for the investigations of the mechanisms for
abnormal HIs in cases of LC, as well as potential new treatments
for LC in the future.

Evaluation of the hypothesis

As a severe digestive system disease, the therapeutic efficacy
using currently available therapeutic methods for LC is not satis-
factory. Moreover, HI abnormality further increases the difficulties
in treatments for LC and brings more serious threats for the sur-
vival of patients. Therefore, the investigation of abnormal HIs in
LC have great importance in reducing the risk for the current LC
treatments and improving the prognosis of patients. Multiple stud-
ies have shown that hepatic sinusoid endothelial cells were dam-
aged, secreting cytokines and matrix proteins during the
formation of LC, such as TGF-beta, perlecan and fibronectin, among
others [16-19]. TGF-beta is the strongest accelerator in the forma-
tion of LC [20]. Hepatic stellate cells can be activated by fibronec-
tin, which is a key step in the formation of LC [19]. In addition, as
with the functions of mature-stage BM, liver at the embryonic
stage also functions as a hematogenic organ. Therefore, we hypoth-
esise that BMECs, which have a similar anatomical position and
functions as that of hepatic sinusoid endothelial cells, also undergo
similar changes, affect the BM microenvironment and impair
hematogenic functions of BM. This may be one of the reasons for
the impairment observed in the hematogenic functions of BM.

As mentioned above, the major functional cells in BM are HSCs.
The location for the positioning, proliferation, differentiation and
maturation of HSCs is termed the BM microenvironment. BMECs
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