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Neonatal liver failure owing to gestational alloimmune liver

disease without iron overload

Tomoyuki Tsunoda,' Ayano Inui,’ Manari Kawamoto,' Tsuyoshi Sogo,' Haruki Komatsu,?
Mureo Kasahara,® Atsuko Nakazawa* and Tomoo Fujisawa'

'Department of Pediatric Hepatology and Gastroenterology, Saiseikai Yokohama Eastern Hospital, Yokohama,
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Although neonatal hemochromatosis (NH) is a well-known
cause of liver failure during the neonatal period and iron
deposition in extrahepatic tissues is considered essential in
the diagnosis of NH, there is no consensus regarding the
pathology or diagnostic criteria of NH. Recent studies of
immunohistochemical assays have shown that the C5b-9
complex (the terminal membrane attack complement
complex) is strongly expressed in the liver of NH cases, sug-
gesting that a gestational alloimmune mechanism is the cause
of liver injury. The patient was a low birthweight primiparous
male born at 37 weeks of gestation by vaginal delivery. Blood
tests 3 h after birth showed signs of liver failure, including
high transferrin saturation, resembling the clinical character-
istics of NH, However, magnetic resonance imaging and a lip
biopsy showed no obvious iron deposition outside the liver.

The patient was refractory to exchange transfusion and
immunoglobulin therapy but was successfully treated by liver
transplantation. Histologically, the explanted liver showed
established cirrhosis, with large amounts of human C5b-9 in
the residual hepatocytes, suggesting the alloimmune mecha-
nism of liver injury was the cause of his liver failure. Liver
failure caused by a gestational alloimmune mechanism
should be considered in patients with antenatal liver failure,
even without obvious extrahepatic siderosis.

Key words: C5b-9, gestational alloimmune liver disease,
liver failure, liver transplantation, membrane attack
complex, neonatal hemochromatosis

INTRODUCTION

HE ETIOLOGY OF neonatal hemochromatosis

(NH) is often difficult to determine, resulting in
high mortality rates. Although NH is an important cause
of neonatal liver failure, its pathogenic mechanism
remains unclear. Among the diagnostic criteria for NH is
the demonstration of extrahepatic iron deposition.!
Recent findings suggested that a maternal gestational
alloimmune disease mechanism may cause NH.? We
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describe a patient with neonatal liver failure but without
extrahepatic iron deposition resulting from maternal
alloimmune liver injury.

CASE REPORT

HE MOTHER OF the patient was a 26-year-old

woman with no history of miscarriage. She and her
husband were not consanguineous, with neither having
a relevant past medical history, except that her husband
had chronic hepatitis B. Fetal ultrasound showed intra-
uterine growth retardation, beginning at week 34 of
gestation. The newborn, a male, was born at 37 weeks
and 5 days of gestation by spontaneous delivery as a
primiparous baby. He was of low birthweight (2122 g),
with no abnormalities on physical examination.
However, a blood test 3 h after birth revealed hypogly-
cemia (10 mg/dL), a low platelet count (8.3 x 10*/uL),
cholestasis (5.3 mg/dL total bilirubin [T-Bil], 2.3 mg/dL
direct bilirubin [D-Bil], 27 IU/L y-glutamyltransferase
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[v-GT]) and mildly elevated transaminases (142 IU/L
aspartate aminotransferase [AST], 15 IU/L alanine ami-
notransferase [ALT]). Cholestasis progressively wors-
ened and, on day 5, he was referred to our hospital.
On admission, our 5-day-old patient showed mild
lethargy and poor sucking. His liver and spleen were
palpable 2 cm under the costal margin. Blood tests on
admission showed 2.1g/dL albumin, 8.3 x 10%/uL
platelets, 151 IU/L AST, 25 IU/L ALT, 15.2 mg/L T-Bil,
4.0 mg/dL D-Bil, 27 IU/L ¥-GT, 53.9 pM total bile acids
and 1.66 prothrombin time international normalized
ratio. Transferrin saturation was high, at 95%, with fer-
ritin and total iron-binding capacity concentrations of
1521 ng/mL and 152 pg/dL, respectively. Metabolic
screening by tandem mass spectrometry was used to
determine the composition of plasma/urine organic
acids and amino acids and his acylcarnitine profile. The
only abnormality detected was an elevated serum tyro-
sine concentration (684.3 nM/mL). Succinylacetone,
however, was absent from urine, excluding a diagnosis
of tyrosinemia. Cultures of blood and urine were nega-
tive. TORCH (toxoplasmosis, other [syphilis], rubella,
cytomegalovirus, herpes simplex virus) and other viral
infections (hepatitis B virus, hepatitis C virus, Epstein-
Barr virus, human herpesvirus 6, enterovirus, adenovi-
rus and parvovirus B19) were excluded serologically
and/or by real-time polymerase chain reaction. Bone
marrow examination was normal, excluding hemo-

© 2014 The Japan Society of Hepatology
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phagocytic syndrome and hematological malignancy.
Bile acid assays of plasma and urine revealed increased
levels of 4*-3-oxo-type bile acids in urine (53.5%) and
their presence in serum, indicating reduced activity of
the enzyme 4°-3-oxo-steroid 5 beta-reductase, consis-
tent with findings in other patients with NH.?> However,
sequencing of the SRD5BI gene in genomic DNA from
peripheral lymphocytes showed no known mutations.*
Liver ultrasound showed slightly irregular surfaces and
dull edges. The internal structure was rough and liver
and kidney contrast was normal. Ascites was detected.
Although NH was highly suspected, computed tomog-
raphy and magnetic resonance imaging (MRI) failed to
demonstrate iron deposition in the liver or extrahepatic
tissue (Fig. 1). Lip biopsy revealed no iron deposition in
the salivary glands. Liver biopsy could not be performed
because of coagulopathy.

Although iron deposition in extrahepatic tissue was
not demonstrated, evidence of antenatal liver failure,
intrauterine growth retardation and high serum ferritin
concentrations strongly suggested that NH was the cause
of liver failure. Moreover, none of our findings sug-
gested any other condition, such as infection, metabolic
or hematological diseases. He was treated for 15 days
with exchange blood transfusion, consisting of high-
dose (1 g/kg) i.v. immunoglobulin (IVIG), 100 mg/kg
acetylcysteine i.v., 3 ug/kg selenium, 0.4 ug/kg per h
prostaglandin-E1 and 25 [U/kg vitamin E, but his liver

Figure 1 Computed tomography (CT)
and magnetic resonance imaging
(MRI) findings in our patient. Attenu-
ation of the liver was not increased on
CT and the intensity of the liver signal
was not low on MRI T,-weighted
images. Neither suggested iron deposi-
tion in the liver or extrahepatic tissue.
(a) CT plain. (b) CT contrasted. (c)
MRI T,-weighted image. (d) MRI
T,-weighted image.
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Figure 2 Histopathology =~ of  the
explanted liver from our patient. (a)
Multiple nodules on the liver surface
and a divided face. (b) Disturbance of
the lobular architecture, with severe
fibrosis and marked loss of hepato-
cytes. Inflammation was minimal
(hematoxylin-eosin, original magnifi-
cation x400). (c) Faint iron staining of
hepatocytes (Berlin blue, x400). (d)
Residual hepatocytes were strongly
positive for the Cb5-9 complex
immunohistochemically (x400).

function did not improve. At age 19 days, a liver trans-
plant was performed. The liver was obtained from a
deceased 30-year-old male, with 138 g (graft/recipient
weight ratio, 5.1 %) of the split allograft transplanted to
the patient.

Pathological examination of the explanted liver
showed cirrhosis with the formation of multiple micro-
and macronodules. The liver architecture was deformed
with marked pseudo-lobular formation and smaller
numbers of hepatocytes were isolated with massive
fibrous septa. Regenerative nodules were present. Inflam-
matory cell infiltration was minimal. Bile pigments and
plugs were observed in all areas, indicating severe
cholestasis. Granules faintly positive for Berlin blue
staining were scattered among a few hepatocytes. Immu-
nohistochemical staining with murine monoclonal anti-
human SC5b-9 (QUIDEL, San Diego, CA, USA) showed
strong staining for the C5b-9 complex in 80% of the
residual hepatocytes (Fig. 2d). The activities of the mito-
chondrial respiratory chain complexes in the explanted
liver tissue were normal, and congenital mitochondrial
respiratory chain disorders were excluded.

Postoperatively, the patient received immunosuppres-
sive therapy with prednisolone and tacrolimus. Acute
cellular rejection was not observed. His liver chemistry
tests were normal, and he was discharged 82 days after
transplantation.

Gestational alloimmune liver disease in neonate 3

DISCUSSION

CUTE LIVER FAILURE in the neonatal period is

rare, but its etiology is diverse. Early diagnosis and
treatment is essential but limitations of examinations
due to neonatal physical immaturity can be an obstacle
for adequate evaluation and management, and therefore
the mortality rate is still high. Causes of neonatal liver
failure include infections, metabolic defects, NH and
hematological disorders. NH is a rare antenatal liver
failure, associated with secondary iron deposition in
liver and extrahepatic tissues such as the pancreas and
heart. Its unique pattern of high recurrence in siblings of
the same mother, not the father, suggests a maternofetal
alloimmune mechanism rather than a hereditary condi-
tion.> Hereditary hemochromatosis (HH) also causes
iron deposition in tissue but HH is caused by defects of
iron metabolism with autosomal recessive inheritance,
and is therefore an entirely different disease from NH.
Treatments for NH are IVIG, exchange transfusion and
cocktail therapy containing an iron chelator and anti-
oxidants.® Liver transplant is performed on those who
fail to respond to medical therapy. Recent accumulating
data demonstrates that IVIG administration for women
during pregnancy with proven NH of recent gestation
can prevent severe recurrence of NH.” This preventive
method is based on the hypothesis of a gestational

© 2014 The Japan Society of Hepatology
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alloimmune mechanism of NH; therefore, the efficacy
of this treatment supports the hypothesis.

At birth, our patient showed signs of liver failure,
including cholestasis, hypoglycemia and thrombocyto-
penia, suggesting that the onset of disease was antenatal.
NH is one well-known cause of antenatal liver failure.®
One of the most important diagnostic criteria for NH is
the demonstration of extrahepatic iron deposition.’
However, the mechanism underlying iron deposition
remains unclear. Recent findings have shown that iron
overload does not result from an inbom error of iron
metabolism but from fetal liver injury.>®

Whitington et al. proposed an alloimmune mecha-
nism of NH."' A maternal immunoglobulin G alloant-
body against an alloantigen expressed by fetal
hepatocytes may pass through the placenta, with the
subsequent antigen-antibody reaction activating the
classical complement pathway in fetuses. This, in turn,
produces the membrane attack complex (C5b-9
immune complex), which causes hepatocyte injury.
Immunohistochemical staining with antibody against
the C5b-9 immune complex is strongly positive in the
hepatocytes of patients with NH, indicating that con-
genital alloimmune hepatitis is the etiology in most or
all patients with NH.2

In our patient, neither MRI nor lip biopsy demon-
strated extrahepatic tissue siderosis. The MRI and lip
biopsy each have approximately 60% sensitivity for
detecting extrahepatic siderosis and negative tests do not
exclude NH.* However histopathology of liver showed
only weak iron deposition in hepatocytes, atypical in
patients with NH. In contrast, the finding of the C5b-9
complex in hepatocytes strongly indicates that an
alloimmune disease process was the cause of liver
failure. Debra et al. reported a similar case of neonatal
liver cirrhosis.'? This case showed no iron deposition in
both liver and extrahepatic tissue, C5b-9 was strongly
positive in hepatocytes. C5b-9 complex was initially
demonstrated as a specific histological marker of NH
and proposed the gestational alloimmune mechanism
ofits pathogenesis.? Therefore, these cases without extra-
hepatic iron deposition suggested that siderosis of the
liver or extrahepatic tissue may be a phenotypic differ-
ence within the same spectrum of gestational
alloimmune liver diseases.

Whitington etal. suggested a term “gestational
alloimmune liver disease” (GALD) for liver injury due to
this alloimmune mechanism and the term “gestational
alloimmune liver injury” should replace the term “neo-
natal hemochromatosis”.>'? Qur case also demonstrated
that GALD can occur even in cases of neonatal liver

© 2014 The Japan Society of Hepatology
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failure without extrahepatic iron deposition. The iron
deposition in extrahepatic tissue is just a phenotypic
difference of GALD and those who show strong iron
deposition in the extra hepatic tissue may have been
diagnosed with NH among GALD cases. Therefore, as
Whitington et al. pointed out, NH is a phenotype-based
terminology and neonatal liver injury due to a gesta-
tional alloimmune mechanism is to be comprehen-
sively called GALD.

In patients who present with antenatal liver failure
but who do not meet the criteria for NH, gestational
alloimmune liver disease should be differentiated as a
cause of liver failure. C5b-9 staining of liver tissue is
helpful for diagnosis but often difficult because of
coagulopathy. Treatment should be initiated concur-
rently with diagnosis and exchange transfusion or
immunoglobulin is theoretically effective for
alloimmune diseases.>® Our patient did not respond
transfusion or immunoglo-
bulin therapy but was successfully treated with liver
transplantation.

In conclusion, gestational alloimmune liver disease
should be suspected in neonates with antenatal liver
disease, even in the absence of obvious iron deposition.
Liver transplantation is indicated in a patient refractory
to exchange transfusion and immunoglobulin therapy.
Additional studies are needed to understand how fetal
hepatocytes are recognized as an antigen in the maternal
immune system and to identify the causes of phenotypi-
cal clinical differences.
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Influence of splenectomy in patients with liver cirrhosis

and hypersplenism
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Aim: Splenectomy improves hypersplenic thrombocytope-
nia in cirrhotic patients with hypersplenism. However, the
long-term influence of splenectomy has not been clarified. We
examined whether splenectomy improved liver fibrosis and
caused immunological changes.

Methods: We collected liver and spleen specimens and
peripheral blood (PB) from 26 patients with hepatitis C virus-
related liver cirrhosis. An immunohistochemical examination
of CD4, CD8, forkhead box P3, granzyme B and transforming
growth factor-$1, and Masson-trichrome stain were per-
formed in spieen and liver tissues and in seven cases of
follow-up liver biopsy sections obtained after splenectomy.
We obtained PB before and at various intervals after splenec-
tomy. We also examined the ratio of CD4* and CD8* lympho-
cytes in PB using flow cytometry.

Results: We observed improvements in liver fibrosis in four
biopsy specimens obtained after splenectomy, in which

fibrotic areas significantly decreased from 19.5% to 8.2%
(P < 0.05). Increases were also observed in the ratio of CD8*
cells in PB after splenectomy, which resulted in a significant
decrease in the CD4*/CD8" ratio (P < 0.001). The carcinogenic
rate in patients with a CD4*: CD8" ratio that decreased by
more than 0.5 at 1 month after splenectomy was significantly
lower than that in patients with a ratio that decreased by less
than 0.5 (P < 0.05).

Conclusion: Splenectomy may improve liver fibrosis and
cause beneficial immunological changes in cirrhotic patients
with hepatitis. Improvements in antitumor mechanisms can
be also expected.

Key words: CD4* cytotoxic T lymphocytes, CD8* cytotoxic T
lymphocytes, liver cirrhosis, liver fibrosis, splenectomy

INTRODUCTION

PLENECTOMY IS A common treatment used to

improve hypersplenic thrombocytopenia in cir-
rhotic patients with splenomegaly in Japan.’-” Splenec-
tomy has recently been applied as another option to
cure hepatocellular carcinoma (HCC) and for cirthotic
patients with no potential donor for liver transplanta-
tion. Thus, the clinical application of splenectomy has
been expanded; however, the immunophysiology of the
spleen in cirrhotic patients and the long-term outcome
after splenectomy have not been clarified.*** This study
was designed to clarify the long-term changes and pre-
diction of HCC development following splenectomy,
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Kurume 830-0011, Fukuoka, Japan. Email: nomura_yoriko @med
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with a focus on hepatic fibrosis and immunology.
Regarding hepatic fibrosis, Akahoshi et al. reported that
transforming growth factor (TGF)-B1 derived from the
spleen could have an inhibitory role in healing liver
cirrhosis by inhibiting the regeneration of the damaged
liver”® and we experimentally confirmed that splenec-
tomy significantly reduced liver fibrosis and decreased
TGF-B1 in the serum of a dimethylnitrosamine-induced
cirrthotic rat model.’ However, no studies have yet
described a reduction in hepatic fibrosis following sple-
nectomny in humans.

The spleen plays an important role in the immune
response; however, the functional aspects of the spleen
in cirrhotic patients with hepatitis C virus (HCV) infec-
tion are largely unknown.**” Hashimoto et al. reported
that splenectomy was followed by an increased ratio of
interferon (IFN)-yto interleukin (IL)-10 and a reduction
in programmed death (PD)-1-expressing CD4" T cells in
peripheral blood (PB).” In order to clarify chronological
changes in immunity after splenectomy, we examined
liver and spleen tissues and sera to assess CD4* and

© 2013 The Japan Society of Hepatology
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CD8* cytotoxic T lymphocytes (CTL) and regulatory T
(Treg) cells.’®*® TGF-B1 was also examined as it is a
multifunctional cytokine that inhibits the growth of
tumor cells?>?* and liver regeneration by facilitating
tissue fibrosis in the liver.’®

Host immunoreactions against cancer were shown to
be closely related to cellular immunity by CD8* CTL and
Treg cells, produced by T lymphocytes, and CD8* CTL in
particular.” The level of Treg cells, characterized by the
expression of forkhead box P3 (FOXP3) transcription
factor in the PB and tumor tissues of patients with HCC,
was elevated and appeared to be negatively correlated
with prognosis.??*%°

In the present study, we examined whether splenec-
tomy could improve liver fibrosis, cause immunological
changes, especially in CTL, or be used to predict the risk
of carcinogenesis.

METHODS

Patients and samples (Table 1)

T THE DEPARTMENT of Surgery, Kurume Univer-
sity Hospital, 26 patients (Child A, 16 cases; Child

Table 1 Subject characteristics

Splenectomy for cirthosis E101

B/C, 10 cases) with HCV-related liver cirthosis (with
HCC, seven cases; without HCC, 19 cases) and
hypersplenism underwent splenectomy (splenectomy
group). The purpose of splenectomy was to improve
hypersplenic thrombocytopenia and introduce IFN for
clearance of the HCV virus. Forty-eight patients who
underwent hepatectomy due to liver tumors were
recruited as controls (control group 1). PB samples from
10 healthy adult volunteers (control group 2) and
spleen tissues obtained by splenectomy from seven
patients because of trauma (control group 3) were also
used as controls. In addition, all patients were HIV nega-
tive. Patients received no medical treatment except sple-
nectomy during the study period. All samples were
studied after obtaining the appropriate institutional
informed consent. We also obtained permission from
the ethical review board.

Liver tissue

A total of 26 pieces from the resected liver specimens of
patients with HCV-related liver cirrhosis and hyper-
splenism who underwent splenectomy were also exam-
ined for the immunohistochemical expression of CD4*

Variables

Results

Splenectomy group: splenectomy (26 cases, seven with HCC, 19 without HCC)

Age, median (range)
Sex (male/female)
Virus infection (HCV*)
Fibrosis (FO/F1/F2/F3/F4)
Child-Pugh classification (A/B/C)
Tumor nodules (presence/absence)
Weight of the spleen (g)
Control 1: hepatectomy with HCC (48 cases)
Age, median (range)
Sex, male/female
Virus infection (HCV*)
Fibrosis (FO/F1/F2/F3/F4)
Tumor nodules (presence/absence)
Control 2: healthy adult volunteers (10 cases)
Age, median (range)
Sex (male/female)
Control 3: splenectomy control (seven cases; trauma)
Age, median (range)
Sex (male/female)

60.4+ 1.36 (46-75)
12/14
26
0/0/0/0/26
16/8/2
7/19
510.4 £ 55.6 (125-1065)

70.5+ 1.33 (42-82)
29/19
40

8/10/10/10/10
48/0

40.1+2.97 (32-57)
3/7

59.8 +6.27 (36-82)
6/1

Continuous variables are expressed as the mean * standard deviation.

Fibrosis: FO, no fibrosis in the portal tract; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa

without cirrhosis; F4, cirrhosis.
HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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CDh4

FOXP3 CD4

lymphocytes, CD8* lymphocytes, FOXP3, granzyme B
and TGF-B1 positive cells (Fig. 1). We classified liver
specimens into five stages according to the degree of
fibrosis as follows: FO, no fibrosis in the portal tract; F1,
portal fibrosis without septa; F2, portal fibrosis with a
few septa; F3, numerous septa without cirrhosis; and F4,
cirrhosis. We collected resected liver specimens from 10
cases each of F1, F2, F3 and F4 with HCV-related liver
disease. We also collected specimens from eight cases of
liver hemangioma of FO with both negative hepatitis B
surface antigen and HCV antibody. Follow-up liver
biopsy sections were obtained from the same part of the
liver if possible from seven of the 26 patients at various
intervals after splenectomy (Table 2). These sections
were used for CD4 and CD8 immunostaining and
Masson-trichrome staining for the morphometric evalu-
ation of fibrotic areas.

Spleen tissue

A total of 26 spleens with HCV-related liver cirrhosis
and hypersplenism were examined for the immunobhis-

Granzyme B

Granzyme B

TGF-p1

Figure 1 Immunohistochemical stain-
ing of spleen and liver specimens with
forkhead box P3 (FOXP3), CD4, CDS8,
granzyme B and transforming growth
factor (TGF)-B1 in the spleen and liver.

TGF-B1

tochemical expression of CD4 positive lymphocytes,
CD8 positive lymphocytes, FOXP3, granzyme B and
TGF-B1 positive cells. We measured the same param-
eters in spleens from the seven control cases in control
group 3 as a non-cirrthotic control (Fig. 1). Spleen
and liver tissues were pathologically assessed by two
pathologists (Y. N. and M. K.).

Peripheral blood cells

Peripheral blood samples were serially collected from
26 patients with HCV-related liver cirrthosis and hyper-
splenism just before and 14 days, 1 month, 3 months,
6 months and 1 year after splenectorny. We examined
the ratio of CD4* T cells to all lymphocytes, CD8* T cells
to all lymphocytes, and the CD4'/CD8" ratio in PB
samples using flow cytometry. TGF-B1 levels in PB were
also measured using enzyme-linked immunoassays in
the sera just before and 14 days, 1 month, 3 months,
6 months and 1 year after splenectomy. Patients were
excluded from the protocol if IFN or other therapeutics
were introduced for the liver disease. Ten healthy adult

Table 2 Clinical and pathological findings of 7 patients who underwent follow-up liver biopsies

Case Age Sex Activity Child-Pugh CD4/8 Follow-up Before (%) After (%) Rate of
(score) range (days) change

1 63 M 1 A (5) 1.73 581 6.59 18.31 2.78

2 58 M 2 A (5) 1.22 24 7.38 8.99 1.22

3 58 M 2 B (7) 1.57 333 9.92 12.02 1.21

4 52 M 2 A (5) 1.08 431 16.71 5.10 0.30

5 74 M 2 A (6) 0.63 353 20.02 6.31 0.32

6 53 F 2 A (6) 0.93 248 30.03 13.34 0.44

7 59 M 2 A(5) 0.95 42 11.27 8.05 0.71

Activity: A0, none; Al, portal inflammation only; A2, mild interface hepatitis; A3, moderate interface hepatitis; A4, severe interface

hepatitis.

Before, the rate of fibrotic areas before splenectomy; after, the rate of fibrotic areas after splenectomy.
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volunteers in control group 2 without a history of liver
disease or splenomegaly were also recruited as controls,
and samples were collected only once.

Immunohistochemical analysis

All fresh specimens were fixed by 10% formalin, and
paraffin-embedded tissue samples were cut at a thick-
ness of 4 um, examined on a coated slide glass, and
labeled with the following antibodies using the Bond-
Max autostainer (Leica Microsystems, Newcastle, UK)
and DAKO autostainer (DakoCytomation, Glostrup,
Denmark): CD4 (x200; leica Microsystems), CD8
(x200; Leica Microsystems), granzyme B (x50; Leica
Microsystems), TGF-81 (x300; Santa Cruz Biotechnol-
ogy, Heidelberg, Germany) and FOXP3 (x600; Abcam,
Cambridge, MA, USA).

Immunohistochemical examinations with CD4, CDS8,
granzyme B and TGF-B1 were performed on the same
fully automated Bond-Max system using onboard heat-
induced antigen retrieval with ER2 for 10 min and the
Refine polymer detection system (Leica Microsystems).
3,3’-Diaminobenzidine-tetrachloride (DAB) was used
as the chromogen for all immunostaining. FOXP3
immunostaining was carried out using the DAKO
autostainer with the ChemMate ENVISION method
(DakoCytomation). Briefly, specimens were boiled in a
microwave for 30 min in 1 mmol/L ethylenediamine-
tetraacetic acid, pH 9.0, and target retrieval solution
{DakoCytomation) to recover antigens, and the speci-
mens were then incubated with the antibody at 4°C
overnight. After washing in Tris-buffered saline (TBS),
slides were incubated with the labeled polymer-
horseradish peroxidase secondary antibody for 30 min
at room temperature. After washing in TBS, slides were
visualized using DAB.

Detection of immune function using
flow cytometry

T-lymphocyte subsets in PB such as CD4, CD8 and
CD4/8 were determined by flow cytometry, and the
monoclonal antibodies of CD4 and CD8 (labeled
CD4-FITC, CD-8-RD1) were purchased from Beckman
Coulter (Danvers, MA, USA).

Result assessment

For assessment criteria for lymphocytes and other posi-
tive cell counts, the number of lymphocytes and other
positive cells were counted in 20 areas within a speci-
men under high-power fields (x40 objective, X10 eye-
piece). Ten areas of white and red pulp were assessed in

Splenectomy for cirrhosis E103

the spleen, and 10 periportal areas and 10 hepatic
lobule areas (Fig. 1) were assessed in a non-tumor area
of the liver.

Morphometric analysis (computer image analysis)
was performed in the following manner on specimens
stained with Masson-trichrome. The equipment used to
assess morphometry consisted of a light microscope, a
three-color charge-coupled device camera, and a high
resolution computer image analysis system (WinRooF
software package version 6.1; Mitani, Fukui, Japan). The
magnified images (x40) of specimens captured by
the camera mounted on the microscope were sent to the
image analyzing computer. Collagen fibers stained with
Masson-trichrome were then selected. In this study, this
scanning procedure was repeated 10 times in random
areas. The area of fibrosis (AF) was defined as the ratio
(%) of the whole area of collagen fibers to that of the
liver tissue scanned.

Statistical analyses

Statistical analysis was performed using Student’s
t-test. A P-value of less than 0.05 was considered to be
significant.

The follow-up time was calculated as the interval
between the date of surgery and intervention of the
medical treatment, last follow up or recognition of
HCC. Survival rates or failure rates were analyzed with
the Kaplan-Meier method using the log-rank test to
assess differences between curves. A P-value of less than
0.05 was considered to be significant. Statistical calcula-
tions were performed using the JMP software package
(release 10, SAS Institute, Cary, NC, USA).

RESULTS

Liver

N THE SEVEN follow-up liver biopsy sections

(Table 2) available for histological examination,
liver fibrosis in the hepatic lobules improved from F4
to F3 in four cases (cases 4-7: average, 268.5 £ 168.6
days; range, 42-431 days) (Fig. 2a). Improvements were
not observed in the remaining three cases (cases 1-3:
average, 312+279.1days; range, 24-581 days)
(Fig. 2b). There were no statistical differences in the
duration between the improvement cases and non-
improvement cases (P=0.80). Conducting an evalua-
tion was difficult because only a few specimens were
available; however, no significant differences in clinical
profiles were observed among the seven patients. In
four of these cases (cases 4-7), the ratio significantly
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(a)

1 year after the splenectomy

At the time of the surgery
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Figure 2 (a) Improvements in liver fibrosis. Distortions in
hepatic lobules improved in the liver biopsy sections of four
cases after splenectomy, and fibrotic areas significantly
decreased from 19.5% to 8.2% in these sections. (b) Changes
in the fibrotic areas of seven patients at various intervals.
e shows patients in whom the fibrotic area significantly
decreased after splenectomy. &= shows patients in whom
fibrosis deteriorated.

decreased from 19.5% to 8.2% (P <0.05) (Fig. 2b),
while the average AF in the remaining three cases (cases
1-3) increased from 8.0% to 13.1% (P = 0.15). The four
cases of improved fibrosis were all Child-Pugh A, and
one of the three cases that showed no improvement was
Child-Pugh B. In addition, AF before splenectomy was
slightly higher in the improvement cases than in the
non-improvement cases, while the CD4*/CD8* ratio
before splenectomy was lower in the improvement
cases than in the non-improvement cases (P < 0.05).
Histopathologically, CD4" and CD8* lymphocytes were
mainly seen in the periportal area, and CD4* lympho-
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cytes were rarely seen in the hepatic lobules. The epithe-
lial cells, fibroblasts, monocytes and macrophages
also produced TGF-B1.%*"¢ However, we picked up and .
counted the TGF-B1 positive cells that were seen in the
lymphocytes and found that these cells were distributed
diffusely in the hepatic lobules and periportal area. The
distribution pattern of Treg and granzyme B was the
same as that of CD4* and CD8* lymphocytes, respec-
tively. No significant differences were observed in the
CD4*/CD8* ratio (P=0.21) in liver specimens, regard-
less of the association of HCC. The CD4'/CD8* ratio
(P <0.05) and FOXP3/CD4" ratio (P < 0.001) signifi-
cantly increased with the progression of liver fibrosis
(from FO to F4). However, the granzyme B/CD8" ratio
was approximately constant, and was unrelated to the
progression of liver fibrosis (P =0.32).

The number of TGF-B1 positive cells in livers with
HCC was slightly higher than that in livers without
(P =0.06), and the number of TGF-1 positive cells
also significantly increased with the progression of liver
fibrosis (P < 0.001) (Fig. 3).

Spleen

Histopathologically, CD4* and CD8* lymphocytes were
found more in the white pulp than in the red pulp. The
results of the clinicopathological analysis showed that
the CD4*/CD8" ratio in spleens with HCV-related liver
cirrhosis and hypersplenism was higher than that in the
spleens of control group 3 (P = 0.06). The FOXP3/CD4*
ratio in control group 3 was higher than that in cases of
hypersplenism (P < 0.05), and no significant differences
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Figure 3 Correlation between transforming growth factor

(TGF)-B1 positive cells and fibrosis in the liver. The number of

TGF-B1 positive cells also significantly increased with the pro-
gression of liver fibrosis.
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Figure 4 Changes in peripheral blood
after splenectomy. pre, preoperative; d,
days; M, months; y, year. The ratio of
CD4" T cells to all lymphocytes signifi-
cantly decreased 1 year after splenec-
tomy, while the ratio of CD8" T cells
to all lymphocytes slightly increased,
resulting in a significant decrease in the
CD4*/CD8* ratio.

in the granzyme B/CD8" ratio (P = 0.82) were observed
between the splenectomy group and control group 3
{data not shown).

Peripheral blood

The ratio of CD4* T cells to all lymphocytes and the
CD4*/CD8* ratio in PB samples obtained from 26
patients before splenectomy were significantly higher
than those from control group 2 (P < 0.01, P <0.05). In
contrast, the ratio of CD4* T cells to all lymphocytes
significantly decreased 1year after splenectomy
(P <0.001), while the ratio of CD8* T cells to all lym-
phocytes slightly increased (P = 0.07), resulting in a sig-
nificant decrease in the CD4'/CD8* ratio (P<0.001)
(Fig. 4).

Transforming growth factor-B levels were higher in PB
samples from patients with HCC than in those without.
TGF-B1 levels slightly increased in PB samples 1 month
after splenectomy, then decreased, and subsequently
returned to the level measured before splenectomy in
1 year.

Relationship of the CD4*/CD8* ratio between
PB and the spleen or liver

In the splenectomy group, the CD4*/CD8" ratio in PB
had a significant positive correlation with the CD4"/
CD8" ratio in the spleen (P < 0.05), and was also posi-
tively associated with the liver (P =0.07). As a result, a
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significant positive correlation was observed between
the CD4*/CD8" ratio in the spleen and that in the liver
(P <0.05) (Fig. 5).

Correlation between the CD4*/CD8* ratio
and clinical prognosis

We compared the CD4'/CD8' ratio between PB
obtained pre-splenectomy and 1 month after splenec-
tomy (n=19). The median of differences between pre-
splenectomy and 1 month after splenectomy was 0.5.
The occurrence of HCC was significantly lower in cases
in which the difference in the CD4*/CD8" ratio between
the perioperative period and 1 month later was over 0.5
{(20.5 vs <0.5, P < 0.05) (Fig. 6a).

A positive correlation in PB was observed between the
CD4*/CD8" ratio before splenectomy and differences
in the CD4'/CD8* ratio between pre-splenectomy and
1 month after splenectomy (P < 0.001). As the median
of the preoperative CD4*/CD8* ratio was 1.7, the post-
operative (1 month after splenectomy) CD4*/CD8 ratio
significantly decreased in groups in which the preopera-
tive value was larger than 1.7 (Fig. 6b,c).

DISCUSSION

REVIOUS STUDIES HAVE shown that splenectomy
was effective in improving pancytopenia, the
decompression of portal hyperpressure and liver func-
tion."*?”?® Morinaga et al. reported that splenectomy

© 2013 The Japan Society of Hepatology

— 353 —



E106 Y. Nomura et al.

Hepatology Research 2014; 44: E100-E109

4 4
s 351 P <0.05 5 35 " P=0.0744
a 34 Z 3
] A ©
2 257 o £ 254 B
£ 29 2 o 27 e
© L F e
Sk g 151
O 14 14 .
0'5 T : (’ T T T T T 05 . T T * T T
0051 152 253 354 1 15 2 25 3 35
CD4*/CD8*in PB CD4*/CD8*in PB
35
23 '
2 254 e
£ 7
o 21 P
3 P
8 154 e
; TP 005
0 05 1 15 2 25 3

CD4*/CD8"in the spleen

significantly improved liver fibrosis with a reduction in
plasma TGF-B1 levels in the rat. However, all these
reports of hepatic fibrosis were conducted in animal
models'*?** whereas the present study described
improvements in liver fibrosis after splenectomy in

(a)

Figure 5 Correlations between the
CD4*/CD8" ratios in the spleen, liver
and peripheral blood (PB). A significant
positive correlation was observed
between the CD4'/CD8" ratio in the
spleen and that in the liver.

humans. Interestingly, the CD4'/CD8" ratio changed

after splenectomy without other treatment. However,
many confounding factors may be implicated in this
change. It is likely that patients with a high fibrotic area
in their liver specimens had a high CD4'/CD8" ratio;
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Figure 6 (a) Correlation between carci-
nogenesis, the perioperative period and
1 month later. The occurrence of hepa-
tocellular carcinoma was significantly
lower in cases in which the difference
in the CD4*/CD8" ratio between the
perioperative period and 1 month later
was over 0.5. (b,c) Correlation in
peripheral blood (PB) between the
CD4'/CD8" ratio before surgery and dif-
ferences in the CD4*/CD8 ratios before
splenectomy and 1 month after sple-
nectomy. (b) A positive correlation in
PB was observed between the CD4*/
CD8" ratio before splenectomy and
differences in the CD4'/CD8" ratio
between pre-splenectomy and 1 month
after splenectomy. (c) The postopera-
tive (1 month after splenectomy) CD4"/
CD8" ratio significantly decreased in
groups in which the preoperative value
was larger than 1.7. B, pre; B, post.



