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Lactate dehydrogenase production in hepatocytes is
increased at an early stage of acute liver failure
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Abstract. Although the mechanism involved in acute liver
failure (ALF) has not yet been clarified, microcirculatory
disturbance in the liver appears to play a pivotal role in the
progression of this disease. To confirm the existence of hepatic
hypoxic conditions, we evaluated the amounts of lactate dehy-
drogenase (LDH) in hepatocytes, since its production increases
under low oxygen concentrations. Histological examination
was performed in 7 patients with ALF. All 7 patients under-
went a liver biopsy during the acute phase of ALF, and 4 of
them underwent a second biopsy during the recovery phase.
The obtained samples were immunohistochemically stained
with anti-LDHS5 and anti-CD-68 antibodies. As controls, we
examined samples from patients with acute hepatitis, chronic
hepatitis and liver cirrhosis. The production of LDH by hepa-
tocytes and the number of CD-68 positive macrophages were
markedly increased at the acute phase of ALF, and both of
these effects abruptly decreased during the recovery phase. By
contrast, most of the samples from the patients with chronic
hepatitis and acute hepatitis showed slightly any increase in
LDH staining. In cirrhotic patients, partially elevated LDH
production was observed mainly around the central vein,
but the staining intensity was less compared to that in ALF
patients. Our findings indicate that hepatic hypoxic conditions
exist in ALF at the acute phase and seem to closely correlate
with macrophage overactivation in the liver. We speculate
that microcirculatory disturbance may be a key process in the
development and progression of ALF.
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Introduction

Acute liver failure (ALF) is a disease associated with high
mortality and characterized by massive hepatocyte necrosis.
Once liver atrophy has progressed, liver transplantation is the
only promising treatment option (1,2). Even in such cases, it is
difficult to determine the indications for liver transplantation,
since some patients recover successfully without it. The diffi-
culties associated with predicting the prognosis of ALF are
mainly caused by the fact that the mechanism of the disease
has not yet been fully clarified.

Recently, several authors have reported that products
derived from macrophages are increased in the serum of
patients with ALF, suggesting that overactivated macrophages
in the liver may play an important role in the progression of
ALF (3-5). However, the issue of how activated macrophages
are involved in the development of massive necrosis remains
to be clarified. On the other hand, earlier studies have revealed
deposition of fibrin in the sinusoid using rat models of ALF,
suggesting that microcirculatory disturbance may be a final
process in the development of massive liver necrosis in ALF
(6-8).

Collectively, considering these previous findings, we
subsequently hypothesized that overactivated macrophages
damage endothelial cells of the sinusoid, either directly or
indirectly via their release of cytokines, which may cause
microcirculation disturbance and lead to massive liver
necrosis. Although proving the existence of anaerobic condi-
tions in the liver would support our theory, it is difficult to
directly measure oxygen concentrations in the hepatic micro-
circulation. Therefore, we focused on the production of lactate
dehydrogenase (LDH) in hepatocytes. LDH is an essential
enzyme for anaerobic respiration, and its production has been
shown to be increased under hypoxic conditions in various
cell lines (9-12).

In the present study, we examined the amounts of LDH
production in hepatocytes using biopsy samples from patients
with ALF in comparison to samples from patients with acute
hepatitis, chronic hepatitis and liver cirrhosis.
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Table I. Laboratory findings of the patients at the time of liver biopsy.

ALF (n=7) AH (n=7) CH (n=8) LC (n=6)
Albumin (g/dl) 33403 3.8+0.3 3.8+0.6 3.620.6
Bilirubin (mg/dl) 102482 7774 20+19 1.120.6
D/T ratio 0.69+0.02 0.58+0.16 0.34+0.19 0.31+0.06
AST (U/l) 3,660.3+2,553.5 1,815.4+1.294.1 248.0+208.8 96.3+59.2
ALT (U/) 3.921.9+22493 3,079.0+2,613.0 310.5+238.4 132.2+145.0
LDH (U/) 1,849.7+1,799.9 731343942 249.9+70.8 257.0+89.5
PT-INR 2.9242.36 1.3220.12 1.23+0.23 1.13+0.06
Platelets (x104/u1) 15.246.5 23.4+12.0 16.0+4.7 12.643.9

Data are shown as the mean + SD. ALF, acute liver failure; AH, acute hepatitis; CH, chronic hepatitis; LC, liver cirrhosis. D/T ratio, direct bili-
rubin/total bilirubin ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; PT-INR, prothrombin

time-international normalized ratio.

Patients and methods

Patients. Between April 2005 and March 2007, 15 patients
suffering from ALF were admitted to our hospital. The
patients showed a prolonged prothrombin time (PT)
[PT-international normalized ratio (INR) >1.5] and encephal-
opathy of more than grade 2 that occurred within 1 week of
onset. Ultrasonography guided liver biopsy was performed in
7 patients for the purpose of the following: i) an examination
for etiology, particularly to evaluate the participation of auto-
immune hepatitis (AIH); ii) exclusion of the pre-existence of
chronic liver disease; iii) evaluation of the clinical course of
the liver disease. The etiologies of the patients were varied: 2
were hepatitis B virus (HBV), 1 was hepatitis A virus (HAV)
and 4 were undetermined. For all patients, liver-supporting
procedures, such as plasma exchange and brain edema inhi-
bition, were performed. Lamivudine was also administered
when HBV was detected in the serum.

To clarify the pathological characteristics of the ALF
patients, we compared their samples to liver biopsy samples
obtained from patients with other liver diseases [7 acute
hepatitis (AH) patients, 8 chronic hepatitis (CH) patients and
6 liver cirrhosis (LC) patients] during the same period. The
causes of AH were HBV (n=3), AIH (n=2) and undetermined
(n=2). These patients maintained a PT-INR of <1.5 throughout
the clinical course and recovered within 1 month. Regarding
the patients with chronic liver diseases, the etiologies of CH
were HCV (n=2), HBV (n=3) and AIH (n=3), and those of LC
were HCV (n=2), AIH (n=2), primary biliary cirrhosis (n=1)
and non-alcoholic steatohepatitis (n=1). All of the patients
with LC were classified as Child-Pugh A. The laboratory data
at the time of liver biopsy are shown in Table I.

Pathological examination. The biopsy samples were fixed
with 20% formalin and embedded in paraffin blocks. Serial
sections (3 ym) were cut from the blocks, deparaffinized and
subjected to H&E staining or immunohistochemical staining
by an indirect immunoperoxidase method using Histofine
Simple Stain (Nichirei Corporation, Tokyo, Japan). The
primary antibodies used were a monoclonal antibody against
CD-68 (Abcam Inc., Cambridge, MA, USA) and a polyclonal

antibody against LDH-5 (Abcam Inc.). As normal controls
for the immunohistochemical staining, three biopsy samples
from liver transplant (LT) donors were stained using the same
procedure. The intensity of staining for LDH and the number
of CD-68-positive cells were classified into three grades: 1+,
weak; 2+, moderate; and 3+, intense/markedly increased.
When the staining result did not differ from that in the normal
control samples, the sample was graded as 1+.

Results

The H&E-stained sections from ALF patients on admis-
sion revealed that >50% of the hepatocytes were necrotized.
In serial sections stained with anti-LDH and anti-CD-68
antibodies, LDH was strongly and diffusely detected in the
remaining hepatocytes, and a marked increase in the number
of CD-68-positive cells was mainly observed in the sinusoid
(Fig. 1). In 4 patients who survived without LT, a second biopsy
was performed during their recovery phase at 7-10 days after
the first biopsy. These second biopsies exhibited significant
decreases in LDH production in hepatocytes and the number
of CD-68-positive cells accompanied by the regeneration of
hepatocytes.

In patients with AH, the results of CD-68 immuno-
staining were varied (Fig. 2). Two patients exhibited a marked
increase in CD-68-positive cells, similar to the case for the
ALF patients, whereas the other patients showed less intense
staining. In contrast to the CD-68 staining, the intensity of
LDH staining was generally weak. None of the CD-68-stained
samples from the patients with AH were comparable to those
from the ALF patients. Regarding the patients with CH, the
staining intensities of both LDH and CD-68 were similar to
those in the normal control samples (Fig. 3).

The samples from the LC patients showed different find-
ings compared to the samples from the patients with the other
diseases (Fig. 4). Regarding LDH staining, unevenly stained
hepatocytes were observed, and the staining intensity was
weaker around the portal area. The hepatocytes in the zone
around the central vein showed relatively strong staining for
LDH, but the intensity was not as strong as that in the samples
from the ALF patients at the acute phase. On the other hand,
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Figure 1. Immunohistochemical staining of 2 patients (A/B/C/D and
E/F/G/H) with ALF. On admission, CD-68-positive cells were markedly
increased (A and E), and the residual hepatocytes were diffusely stained with
an anti-LDH antibody (B and F). In the recovery phase, significant decreases
in CD-68-positive cells (C and G) and LDH production in hepatocytes (D
and H) were observed.

Figure 2. Immunohistochemical staining of 2 patients (A/B and C/D) with
AH. The increase in the number of CD-68-positive cells varied (A and C).
The intensity of LDH staining (B and D) was weaker than that in the patients
with ALF.
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Figure 3. Immunohistochemical staining of 2 patients (A/B and C/D) with
CH. The staining intensities for CD-68 (A and C) and LDH (B and D) were
similar to those of the normal control samples.

Figure 4. Immunohistochemical staining of 2 patients (A/B and C/D) with
LC. The intensity of CD-68 staining (A and C) was weaker than that in the
patients with ALF or AH. On the other hand, LDH-positive hepatocytes
were unevenly distributed (B and D) and the intensity was strong around the
central vein.

the number of CD-68-positive cells was equal or slightly
increased compared to the normal control samples. When
the number of CD-68-positive cells was increased, they were
distributed evenly throughout the liver. The grading results for
LDH and CD-68 staining are summarized in Table II.

Discussion

Although various ‘triggers’ have the potential to elicit ALF,
most of them are divided into two major categories, namely
direct hepatotoxic agents, such as acetaminophen, and
immune response-related causes, including hepatitis viruses
(2,13). With the former, the degree of liver damage generally
depends on the ingested dose of the toxin. With the latter,
however, it remains unclear why some patients proceed
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Table II. Grading of staining intensity.
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Anti-LDHS Anti-CD-68
1+ 2+ 3+ 1+ 2+ 3+
ALF (n=7) 0 1 6 0 1 6
AH (n=7) 3 2(2) 0 1 3 3
CH (n=8) 7 1 0 7 1 0
LC (n=6) 0 5) (1) 3 3 0

The patient numbers in parentheses indicate that the obtained samples showed uneven staining, while the patient numbers without parentheses
indicate that the samples exhibited diffuse staining. ALF, acute liver failure; AH, acute hepatitis; CH, chronic hepatitis; LC, liver cirrhosis.

to ALF, while most patients with the same etiology suffer
no more than self-limiting AH. The main ‘triggers’ of the
latter category are hepatitis viruses, such as HBV, HAV and
hepatitis E virus (HEV), in which hepatocyte death has been
considered to be induced by cytotoxic T cells that recognize
virus-related antigens on the cell surface (14). However, this
cytotoxic mechanism cannot explain the reason why a limited
proportion of patients develop ALF.

Previous studies using ALF animal models with immune
response processes indicated that hepatic microcirculation
disturbance may play a pivotal role in disease progression,
which may be caused by cytotoxic mediators from activated
sinusoidal-lining cells (6-8). However, it is difficult to directly
prove that the hepatocytes of patients suffering from ALF
exist under hypoxic conditions. Before beginning the present
study, we hypothesized that the amount of intracellular LDH
represents the intracellular oxygen concentration as it is well
known to exhibit increased transcription under anaerobic
conditions (9-12). This phenomenon is widely observed,
regardless of the organ or species. Considering that LDH is
only a crucial enzyme for anaerobic respiration, its increased
transcription appears to be a reasonable response.

In the past, elevated serum levels of LDH in patients with
hepatitis have merely been regarded as a result of enzyme
leakage following destruction of hepatocytes. Furthermore,
the diagnostic value of serum LDH in liver disease has been
thought to be low compared to alanine aminotransferase due
to the widespread distribution of LDH-producing cells in the
whole body (15,16). The only exceptions are congestive liver
and shock liver, which are both associated with decreases in
the hepatic oxygen concentration and distinct increases in the
serum LDH level (17). Taking these findings for hypoxic liver
diseases together with the observation that LDH transcrip-
tion increases under hypoxic conditions, we consider that the
degree of LDH production can be used as a marker of hypoxia
in immunohistochemical analysis.

In patients with ALF, we found that LDH production in
the remaining hepatocytes was distinctly increased compared
to that in other liver diseases. Considering that our biopsy
samples were obtained within 1 week of onset, this result
indicates that microcirculation disturbance exists from the
early stage of the disease. Another important point is that the
biopsy samples simultaneously showed marked proliferation
of macrophages. In patients who survived without liver trans-

plantation, decreases in the number of macrophages and in
the amount of LDH production occurred during the recovery
phase. Notably, some of the patients with AH showed similar
macrophage proliferation as the ALF patients, but their
intensity of LDH staining was not strong. Although it remains
unclear what finally drives AH patients with macrophage
overactivation towards ALF, we suggest that a transient hyper-
inflammatory response results in self-limiting AH, while a
persistent and uncontrolled response leads to ALF.

Another important finding of the present study was the
elevated LDH production in patients with LC. Although
the intensity of this staining was not comparable to that in
samples from the ALF patients, it was significantly stronger
than that in samples from CH patients. Although hepatocyte
hypoxia in cirrhosis has been well established in experimental
models, it has been difficult to demonstrate that hepatocytes
in cirrhotic patients exist under hypoxic conditions (18,19).
Our findings suggest that hepatocytes in patients with LC are
under chronic hypoxic conditions, which may be caused by
accumulated collagens that interfere with oxygen diffusion to
hepatocytes.

In our preliminary study, we were unable to enroll any
cases of acetaminophen-induced ALF as such cases are scarce
in Japan. Therefore, it remains unclear whether microcircula-
tion disturbance contributes to the progression of ALF caused
by agents exhibiting direct hepatotoxicity. We presume that
the process of macrophage overactivation and consequent
microcirculation disturbance may have lower contributions
to ALF caused by acetaminophen. Further studies, including
animal model experiments, are required.

In conclusion, we demonstrated that LDH production in
hepatocytes varies among ALF, AH, LC and CH patients,
and we consider that this variation reflects the degree of
intracellular oxygen concentration. Elevated macrophage
proliferation and increased LDH production were observed
in ALF, suggesting that overactivation of macrophages and
subsequent microcirculation disturbance in the liver play
pivotal roles in the progression of ALF.
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