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diabetes mellitus occurring as a complication of chronic
hepatic diseases associated with HCV infection was
higher than that of other chronic hepatic diseases, and
that anti-HCV antibody-positive patients aged 40 years
or more had a 3.77-fold higher risk of becoming diabetic
than anti-HCV antibody-negative patients.® In addi-
tion, it has been demonstrated that complication by dia-
betes mellitus is both a risk factor for hepatocellular
carcinoma® and a prognostic factor in cirrhosis patients.
These reports suggest a correlation between HCV infec-
tion and type 2 diabetes. Increased insulin resistance
and insulin secretory deficiency are considered to be
highly involved in the pathogenesis of type 2 diabetes.”
Petit et al.”? reported that insulin resistance increases
even in chronic hepatitis C patients with slight hepatic
impairment and that the index of impairment (HOMA-
IR) correlates with the severity of the liver tissue disor-
der. Tumor necrosis factor (TNF)-a, which closely
correlates with hepatic inflammation and fibrillation in
chronic hepatitis C.” is considered to enhance glucose
uptake in peripheral tissue and to promote gluconeo-
genesis in the liver, leading to the induction of insulin
resistance.™ Shintani et al.” confirmed that in transgenic
mice with the 1b HCV core genotype, tyrosyl phos-
phorylation of the insulin receptor substrate 1 in the
insulin signal transduction pathway is distupted and
that this disruption causes gluconeogenesis inhibition
by insulin in the liver. leading to the induction of marked
insulin resistance. These transgenic mice exhibited a
high anti-TNF-a antibody level, and insulin resistance
was improved by the administration of an anti-TNF-u
antibody. These results indicate a close relationship
between HCV infection and the pathogenesis of dia-
betes mellitus. The relationship between HCV infection
and hepatocyte fat modification has also attracted
attention.”® Moriya et al.” suggested the possible direct
involvement of HCV core protein in hepatocyte
fat modification, because they observed hepatocyte fat
deposits in transgenic mice expressing the HCV core
gene. In summary, the above-described findings strongly
indicate that hepatitis C has the characteristics of a
metabolic disease, and nutritional management is also
considered important in the treatment of chronic
hepatitis C.

Malignant lymphoma

HCYV reproduces in lymphocytes, and studies of a short-
term HCV culture system using lymphocytes have been
reported.”” Infected lymphocytes may undergo malig-
nant transformation. leading to the development of
malignant lymphoma. HCV infection is considered to
be associated with the development of malignant lym-
phoma, particularly in association with the pathogenesis
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of non-Hodgkin B-cell lymphoma. and many reports
suggest a relationship between HCV infection and
malignant lymphoma.** It has been assumed that some
cryoglobulinemia patients develop non-Hodgkin B-cell
lymphoma in association with myc gene mutation.* The
anti-HCV antibody positivity rates in patients with non-
Hodgkin B-cell lymphoma range from 0% to 33%.%%
These differences in HCV antibody positivity rates are
considered to relate to regional differences in the HCV
infection rate. The HCV antibody prevalence tends to
be higher in Japan and Italy but lower in Britain and
Canada. Studies indicating a relationship between HCV
infection and malignant lymphoma have been reported
by Ferri et al.” and De Vita et al.”* Ferri et al.” reported
that 14 of 300 patients with chronic hepatitis C were
complicated with non-Hodgkin B-cell lymphoma, and
they detected HCV RNA in peripheral blood lympho-
cytes in all of these patients. De Vita et al.” detected
positive-strand and negative-strand HCV RNAs in the
parotid glands of patients with parotid non-Hodgkin
B-cell lymphoma associated with HCV infection, and
confirmed the presence of HCV in the parotid gland by
in situ hybridization.” As shown by these findings, many
patients with HCV-associated non-Hodgkin B-cell lym-
phoma show involvement of extranodal sites such as the
liver and salivary glands.”

Treatment of HCV-associated malignant lymphoma
is similar to that of HCV-associated non-Hodgkin B-
cell lymphoma: however, recently, IFN monotherapy or
IFN and ribavirin combination therapy have been
reported to be effective.”™™ Vallisa et al.” reported that
administration of both pegylated IFN and ribavirin to
13 patients with HCV-associated non-Hodgkin B-cell
lymphoma achieved a complete response in seven of
these patients. It is interesting that IFN-based antiviral
therapy has been demonstrated to be useful for malig-
nant lymphoma associated with HCV-associated non-
Hodgkin B-cell lymphoma in addition to conventional
chemotherapy.

Autoimmune thyroid disease

infection and
97,100

The relationship between HCV
thyroid disease has been analyzed in many studies,
and a causal relationship between HCV infection and
autoimmune thyroid disease has been particularly sug-
gested.™” Antonelli et al™® assessed the incidence of
thyroid dysfunction in 630 chronic hepatitis C patients
without cirrhosis or hepatocellular carcinoma who had
not been treated with IFN by recruiting 389 patients
from an iodine-deficient area, 268 patients from an
iodine-sufficient area. and 86 patients with chronic hep-
atitis B aged 40 years or older as study subjects. The
chronic hepatitis C patients exhibited a higher thyroid-
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stimulating hormone level and lower free thyroxine and
tritodothyronine levels than the controls. In addition,
the chronic hepatitis C patients exhibited hypothyroid-
ism and tended to have antithyroglobulin antibodies
and anti-thyroid peroxidase antibodies. These findings
suggest a relationship between HCV infection and
thyroid disorder.”® A possible relationship between
HCV infection and thyroid cancer has also attracted
attention recently.” The mechanism underlying the
pathogenesis of thyroid discase associated with HCV
infection has not yet been elucidated, but a relationship
with liver/kidney microsomal antibody type 1 has been
suggested.” Many patients with thyroid disorder caused
by HCV infection are asymptomatic. requiring no
special treatment. Thyroid disorder is also known to be
an adverse reaction to IEN-o therapy for chronic
hepatitis C'%7'™ Thyroid hypofunction caused by
the administration of IFN-a is usually transient, and the
patient recovers spontancously after the end of the
therapy. Hence, discontinuation of IFN-a is not required
in many cases.'®

Idiopathic interstitial pneumonitis

Recently, viral infection has been suggested to be a
cause of idiopathic interstitial pneumonitis.™ With
regard 10 the relationship between HCV infection
and idiopathic interstitial pneumonitis, Ueda et al.'™
reported in 1992 that the anti-HCV antibody positivity
rate in 66 patients with idiopathic interstitial pneumo-
nitis determined by enzyme-linked immunosorbent
assay was 28.8%. which was significantly higher than
that in 9464 normal subjects serving as controls.'™ It has
not yet been clarified how HCV infection is associated
with the pathogenesis of idiopathic interstitial pneumo-
nitis. Kubo et al."” suggested that activated 1" lympho-
cytes and eosinophils are related to the pathogenesis of
idiopathic interstitial pneumonitis associated with HCV
infection, because they observed increased activated T-
lymphocyte and eosinophil counts in the bronchoalveo-
lar fluid of 13 chronic hepatitis C patients, despite their
having the same total cell counts as normal subjects. On
the other hand, studies disagree regarding the relation-
ship between HCY infection and idiopathic interstitial
pneumonitis.’® and in-depth studies of this issue are
expected. Idiopathic interstitial pneumonitis is also
reported to be an adverse reaction to IFN therapy in
chronic hepatitis C patients."” Such patients often have
a high pretreatment KL-6 level, and the potential of
their developing idiopathic interstitial pneumonitis is
suggested. Recovery from IFN therapy-induced idio-
pathic interstitial pneumonitis is achieved by the discon-
tinuation of the therapy." but steroid administration is
required in sone cases.

C. Okuse et al.: Extrahepatic manifestations of hepatitis C
Rheumatoid arthritis

HCV-associated rheumatoid arthritis complicated by
cryoglobulinemia or Sjogren’s syndrome has been
reported.”*® For further information, please refer to the
cited references.

Mooren’s ulcer

Mooren’s ulcer is a progressive ulcer associated with
congestion and pain around the cornea."® HCV infec-
tion has been suggested (o contribute to the develop-
ment of this disease."™ The effectiveness of IFN
therapy for HCV-associated Mooren’s ulcer has been

_reported.™™! but the exacerbation of ocular pain fol-

lowing the discontinuation of IFFN therapy has also been
observed: hence. caution is required."! Systemic corti-
coid administration has also been reported to be effec-
tive."” However, other investigators reported a negative
correlation between HCV infection and Mooren's
ulcer."* % It is hoped that further detailed studies will
clarify this issue.

Conclusion

It is necessary to consider possible complications associ-
ated with extrahepatic diseases in the treatment of
HCV-infected patients.
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Impact of New Methicillin-Resistant Staphylococcus aureus Carriage
Postoperatively After Living Donor Liver Transplantation

M. Hashimoto, Y. Sugawara, S. Tamura, J. Kaneko, Y. Matsui, K. Moriya, K. Koike, and M. Makuuchi

ABSTRACT

Background. Preoperative carriage of methicillin-resistant Staphylococcus aureus (MRSA)
is associated with an increased risk of MRSA infection after liver transplantation. It is not
known, however, whether new MRSA carriage postoperatxvely also increases the risk of
MRSA infection after liver transplantation. ‘

Methods. We retrospectively reviewed the data from 242 adult patients who underwent
living donor liver transplantation (LDLT) including microbiological and medical records
from admission to 3 months after LDLT. Uni and multivariate analyses were performed to
identify independent risk factors for postoperative MRSA infection among preoperative
noncarriers of MRSA.

Results. Postoperative MRSA infection occurred in 18 of 219 preoperative noncarriers
of MRSA by median postoperative day 26. Operation time of at least 16 hours and
postoperative colonization with MRSA independently predicted postoperative MRSA
infection.

Conclusion. Postoperative surveillance cultures should be performed periodically after
liver transplantation to identify high-risk candidates for postoperative MRSA infection,

even among preoperative noncarriers of MRSA.

TAPHYLOCOCCUS AUREUS is a major cause of bac-
terial infection after liver transplantation.”? Isolates of
§ aureus causing clinical nosocomial infection can be di-
vided into two groups: methicillin-susceptible S aureus and
methicillin-resistant § aureus (MRSA). MRSA infection
frequently complicates the postoperative course after de-
ceased donor liver transplantation (DDLT).**~> Among
several centers, 91% (45 of 49 isolates) of all S aureus
infections after DDLT were caused by MRSA.*
Preoperative MRSA carriage is associated with an in-
creased risk for MRSA infection after DDLT.»*" In addi-
tion, postoperative MRSA colonization is prevalent in
DDLT.® Positive MRSA cultures on both postoperative and
preoperative surveillance is considered important because
increased MRSA colonization in a patient during hospital-
ization increases the risk of MRSA infection.” In a prospec-
tive study,” the relative risk of developing an MRSA
infection among patients with MRSA colonization was
greater than among patients who were not colonized with
§ aureus. In this particular study, 12 of 394 patients had
MRSA colonization during hospitalization, and 4 of the 12
later developed MRSA infection.
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It is not known, however, whether new MRSA carriage
postoperatively following liver transplantation also in-
creases the risk of MRSA infection. Moreover, MRSA in
cases of living donor liver transplantation (LDLT), in which
operations are scheduled in a more selective manner, is not
well described. The aim of the present study was to assess
the details of postoperative MRSA infection among preop-
erative noncarriers of MRSA and to analyze whether new
MRSA carriage postoperatively increased the risk of
MRSA infection after LDLT using multivariate analysis.
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Liver transplant
recipients (n=242)

——

Preoperative MRSA  yes (n=23) No (n=219)

colonization

Postoperative l_ ! _

MRSA colonization Yes (n=38) No {n=181)
Postoperative f ! f 1

MRSA infection Yes (n=9) No (n=29) Yes(n=9) No (n=172)
Fig 1. The patient profile of postoperative MRSA colonization

and infection. MRSA, methicillin-resistant S aureus.

PATIENTS AND METHODS
Patients

We reviewed the 242 patients who underwent LDLT between 1996
and 2004, including 23 colonized with MRSA preoperatively, who
were excluded from the study. Of the remaining patients, 119 were
men and 100 were women of median age 50 years (range, 19 to 67).
The indications included hepatitis C (n = 62), followed by primary
biliary cirrhosis (» = 48) and hepatitis B (» = 31). The median
Child-Pugh and model for end-stage liver disease (MELD) scores
of those patients were 10 (range, 5 to 14) and 13 (range, —3 to 48),
respectively. Our donor selection criteria® and surgical techniques
for recipient and donor operations have been described elsewhere.”

Perioperative Management

Antimicrobial prophylaxis consisted of intravenous cefotaxim (1.0 g
just before surgery, followed by 1.0 g every 6 hours intraoperatively
and thereafter), ampicillin/sulbactam (1.0 g just before surgery,
followed by 1.5 g every 12 hours intraoperatively and thereafter),
and gentamicin, 60 mg every 12 hours after surgery) for 5 days.
Fluconazole (200 mg every 24 hours) was administered intrave-
nously for 7 days after surgery. All patients received the same
immunosuppressive regimens using tacrolimus (Prograf, Fujisawa
Pharmaceutical Corporation, Tokyo, Japan) and methylpred-
nisolone (Solu-Medrol, Pfizer Inc, New York, NY, USA).!°

Microbiological Data Collection

All patients were screened preoperatively for S aureus after admis-
sion for LDLT. Follow-up specimens were collected twice a week
during the first month after LDLT and thereafter once a week
during the hospital stay. Screened specimens consisted of swabs of
the anterior nares, pharynx, sputum, urine, stool, swabs of wound
or skin lesions, bile, and abdominal cavity discharge. A catheter or
blood sample was also submitted when infection was suspected.

Specimens were plated onto mannitol-salt agar or sheep blood
agar. S aureus was identified using standard microbiological meth-
ods. Methicillin resistance was determined using a disk diffusion
test performed on Mueller-Hinton agar after incubation for 24 to
48 hours at 30°C. The strains with an oxacillin minimum inhibitory
concentration value of at least 4 ug/mL were defined as MRSA
colonization. Patients colonized with S aureus at any site and at any
time during the hospital stay were considered carriers, and contact
precautions were taken in cases with MRSA.

Definition of MRSA Infection

The medical and microbiological records of the patients were
reviewed for the occurrence of MRSA infection in the 3 months
following LDLT. Only the first MRSA infection was recorded for
each patient.
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Nosocomial infections were defined according to the reports
from the Centers for Disease Control and Prevention in 1988 and
in 1992, as described elsewhere.!* Surgical site infection included
superficial incisional, deep incisional, and organ/space infections
that occurred within 30 days after surgery. Wound and intra-
abdominal cavity infections that occurred more than 1 month after
the operation were defined as a gastrointestinal system infection.
When an organism isolated from blood culture was compatible with
a related nosocomial infection at another site, the bloodstgeam
infection was classified as a secondary bloodstream infection.
When MRSA was isolated from culture samples in the presence of
nosocomial infection including surgical site infection and other
pathogenic organisms were absent, MRSA infection was diag-
nosed. An MRSA-positive culture sample without the presence of
clinical symptoms was diagnosed as MRSA colonization.

Statistical Analysis

Background and clinical data collected for each patient included
preoperative, surgical, and postoperative variables. Quantitative
variables are presented as medians and ranges. Categorical vari-
ables are presented as absolute counts. Univariate analysis was
used to identify associations between each of the variables and
postoperative MRSA infection. Chi-square test or Fisher exact test
was used to compare categorical data.

For multivariate analysis, only variables with a P < .20 in the
univariate analysis were entered into a logistic regression model by
the backward-elimination procedure. The final regression model
included covariates associated with a likelihood ratio of P <.1. The
results of the logistic regression were reported as odds ratios with
95% confidence intervals. A P value of less than .05 was considered
statistically significant. All statistical analyses were performed using
the JMP5.1 software package (SAS institute Inc, Cary, NC, USA).

RESULTS
Postoperative MRSA Colonization and Infection (Fig 1)

Postoperative MRSA infection occurred in 18 patients
among the preoperative noncarriers of MRSA: nine pa-
tients were new MRSA carriers postoperatively, and nine

Table 1. Postoperative MRSA infection in 18 Patients

Colonized  Nencarriers
with MRSA  with MRSA Total
(n=19) n=29 h =18
Onset of MRSA infection 16 (7-54) 40 (9-64) 26 (7-64)
(postoperative day)
Duration between colonization 13 (2-21) 0 1(0-21)
and infection
During hospitalization infection 9 8 17
SSi 6 3 9
Deep incisonal SSI 6 0 6
Organ/space SS| 0 3 3
Gastrointestinal system 2" 4 6
infection
Intra-abdominal infection 2 4 6
Pneumonia 0 1 1
Lower respiratory infection 1 0 1
Primary BSI 0 1 1
Laboratory-confimned BSI| 0 1 1

*One patient had secondary surgica! site infection. SS!, surgical site infection;
BS|, bloodstream infection.
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Table 2. Association Between Postoperative MRSA Infection and Preoperative, Surgical, and Postoperative Variables

Variables MRSA Infection (—) (n = 201) MRSA Infection (+) (n = 18) P Value
Preoperative vanables
Age (y) =50 51 (19-67) 48 (24-62)
m 8 46
Gender (male/female) 106/95 13/5 14
Underlying liver disease
Hepatitis C 55 7
Primary biliary cirrhosis 46 2
Hepatitis B 30 1
Fulminant hepatitis 19 3
Biliary atresia 10 1
Autoimmune hepatitis 8 1
Primary sclerosing cholangitis 8 1
Metabolic disease 9 0
Cryptogenic cimrhosis 6 0
Alcoholic cirrhosis 2 2
Others 8 0
Hepatocellular carcinoma 59 5 1.0
Child-Pugh score 10 (5-14) 11 (5-12)
=10 105 13 14
MELD score 12.9(-3.4-48.2) 14.6 (4.3-29.4)
=15 67 6 1.0
Ascites 95 12 14
Use of diuretics 109 12 .34
Encephalopathy 32 4 .51
Preoperative apheresis 38 4 76
PT-INR 1.61 (0.89-7.48) 1.60 (1.23-2.35)
=17 80 6 .80
Serum bilirubin (mg/dL) 4.1 (0.3-38.6) 7.3(1.2-32.4)
>3.0 134 13 .80
Serum albumin (g/dL) 2.9(1.5-4.4) 2.8(1.8-3.8)
>2.8 71 9 31
Serum creatinine {(mg/dL) 0.71(0.2-7.7) 0.62 (0.4-2.4)
=15 1 2 29
Steroid pulse therapy 23 2 10
Use of antimicrobials 46 8 .08
Beta lactam 37 7 .06
Glycopeptide 2 0 1.0
Fluroquinolone 13 3 13
Amynoglycoside 5 1 41
Others 2 0 10
History of abdominal surgery 93 8 10
Diabetus mellitus 24 2 1.0
MSSA colonization 100 10 .81
Surgical variables
Operation time (h) 14.9(10.7-33.2) 16.3(12.2-19.3)
=16 64 11 .02
Blood loss (mb) 5240 (830-53835) 4415 (2590-34800)
=5000 106 8 62
Blood transfusion (mL) 6970 (900-42890) 6385 (4240-26240)
=8000 83 6 62
GV/SLV ratio (%) 46 (25-88) 42 (36-66)
=40 160 15 1.0
Duct to duct biliary reconstruction 144 14 78
Postoperative variables
ICU stay (d) 5(3-46) 5 (4-26)
=10 18 4 .09
Apheresis 23 6 .02
Reoperation 72 a4 ‘ 31
Acute rejection 58 5 1.0
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Table 2. (continued)

Variables MRSA Infection () (n = 201) MRSA Infection (+) {n = 18) P Value
Cytomegalovirus infection 87 5 22
Fungal infection 6 1 .46
Colonization with MRSA 29 9 .001

PT-INR, the international normalized ratio of prothrombin time; MSSA, methicillin-susuceptible S aureus; MRSA, methicillin-resistant S aureus; GV, graft volume;

SLV, standard liver volume; ICU, intensive care unit.

patients were MRSA noncarriers until the onset of infec-
tion. During the study period, 29 patients were asymptom-
atic carriers of MRSA. Among the nine patients who were
colonized with MRSA postoperatively and subsequently
developed infection, the MRSA-colonized sites before the
onset of infection were sputum in six, stool in six, nares in
five, pharynx in five, urine in two, discharge from an
abdominal drain in two, and ascites in one patient.

Details of Postoperative MRSA Infection (Table 1)

The median days to onset of MRSA infection in all the
patients with infection, in patients colonized with MRSA
before infection, and in patients colonized concurrently
with infection were postoperative days 26, 16, and 40,
respectively. Among patients who were colonized with
MRSA before infection, the median duration between the
onset of colonization and infection was 13 days. During the
study period, median length of hospital stay after LDLT
was 50 (range, 6 to 90) days for patients without MRSA
infection and 68 (range, 46 to 90) days for those with
MRSA infection. MRSA infection occurred during hospi-
talization in 17 patients and after discharge in one patient.

Surgical site infection was detected in nine patients. One
patient with gastrointestinal system infection had a second-
ary bloodstream infection. We treated MRSA infection
with intravenous vancomycin in 12 patients, reoperation
and intravenous vancomycin in two, reoperation alone in
two, lavage of the intra-abdominal cavity through the
surgical drain in one, and debridement of the wound in one.
None of the 18 patients with MRSA infection died during
the 3 months after LDLT.

Risk Factors for Postoperative MRSA Infection
(Tables 2, 3)

Postoperative MRSA infection was significantly associated
with operation time (=16 hours; P = .02), postoperative
apheresis (P = .02), and postoperative colonization with
MRSA (P = 001, Table 2). In the multivariate analyses

Table 3. Multivariate Analysis of Risk Factors for MRSA

Infection After LDLT
Odds Ratio {95%
Confidence
Variable Interval) P Value
Preoperative use of beta lactam 3.03 (0.95-9.37) .06
Operation time (h) =16 3.27 (1.15-9.89) .03
Colonization with MRSA 7.13(2.43-21.65) .0004

MRSA, methicillin-resistant S aureus.
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(Table 3), 10 risk factors with P values of less than .20 were
entered into a logistic regression model using the backward-
elimination procedure. In the final model, operation time
(=16 hours; odds ratio, 3.27) and postoperative coloniza-
tion with MRSA (odds ratio, 7.13) independently predicted
postoperative MRSA infection.

DISCUSSION

We have shown the impact of postoperative colonization with
MRSA on subsequent MRSA infection after LDLT. Among
patients with MRSA infection, 9 of 18 (50%) in the present
study were colonized with MRSA before the onset of infec-
tion. MRSA infection occurred soon after the operation in
patients who were new MRSA carriers postoperatively. Of 18
patients with MRSA infection, 10 developed the infection
within 1 month after LDLT, among whom seven were
colonized with MRSA before the onset of infection. In
addition, patients who were colonized with MRSA devel-
oped MRSA infection soon after colonization with MRSA.
Of nine patients with MRSA colonization and subsequent
infection, all developed infections within 3 weeks after
colonization with MRSA.

Postoperative surveillance cultures should be performed
at multiple sites, including the nares, after LDLT. Although
the anterior nares is the most frequent carriage site for §
aureus,'? other extranasal sites such as skin, perineum,
pharynx, gastrointestinal tract, vagina, and axillae can also
harbor the organism.>!? Among nine patients who were
colonized with MRSA postoperatively and subsequently
developed infection, nasal colonization was detected in 5
(56%). If surveillance culture is performed for only the
nares as reported in previous studies in DDLT, new posi-
operative carriers of MRSA at sites other than the nares'*®
might be overlooked, thereby delaying the administration of
appropriate antimicrobials such as vancomycin in patients
suspected of MRSA infection.

The results of the present study indicated that postoper-
ative MRSA colonization and prolonged operative time
independently increased the risk of postoperative MRSA
infection. MRSA infection is well described in previous
studies of DDLT.!*-> Most studies have reported that
preoperative MRSA carriage increased the risk of MRSA
infection, but these studies>>® were not focused on the
impact of new postoperative MRSA carriage on subsequent
infection. Of 38 patients, 9 (24%) who were colonized with
MRSA subsequently developed MRSA infection in the
present study. This rate is comparable to that of the
previous reports [around 30%].”"* In one recent retrospec-
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tive study, 60 of 209 (29%) patients developed subsequent
MRSA infection in the 18-month period after the initial
MRSA-positive culture.'* Postoperative surveillance cul-
ture should be performed periodically after LDLT to
identify new MRSA carriers who are high-risk candidates
for subsequent MRSA infection.

Prolonged operative time increased the risk of MRSA
infection in the present study. Prolonged surgical duration
indicates technically more difficult surgical procedures in
which the risk of complication is increased.’* George et al'®
used multivariate analysis to demonstrate that prolonged
surgery duration increased the risk of bacterial infection
among in liver transplant recipients. In contrast, Singh et al’
reported that there was no such association.

Intense antimicrobial use, measured by the administra-
‘tion of preoperative antimicrobials, during the month be-
fore LDLT did not correlate with postoperative MRSA
infection among preoperative noncarriers of MRSA in the
present study. Although there is little doubt that wide-
spread use of antimicrobials provides multidrug-resistant
strains of MRSA with a selective survival advamage,16 the
relationship between MRSA and antimicrobials seemed
more complex in the current series. Some studies using
multivariate analysis have failed to show such an associa-
tion.!” In other studies, exposure to specific antimicrobials,
such as third-generation cephalosporins, amoxicillin with
clavulanic acid, quinolones, and broad-spectrum antibiotics,
increased the risk of MRSA infection or colonization.'®
Crowcroft et al* found no association between total anti-
microbial use and MRSA colonization or infection, suggest-
ing that the problem was inappropriate rather than exces-
sive use of antimicrobials. This discrepancy is probably due
to the fact that in the present study, all patients received
multiple antimicrobials, resulting in broad coverage as
perioperative prophylaxis, per protocol, and it is difficult to
detect the effect of a specific antimicrobial.

One limitation to the present study is that we could not
differentiate specific MRSA strains. Pulsed-field gel elec-
trophoresis analysis was not accessible. Therefore, we could
not analyze the impact of MRSA transmission, such as
patient-to-patient transmission by transient carriage on the
hands of the medical staff. Similarly, it was not possible to
determine whether infection was due to the same strain as
that of the colonization or to a newly acquired strain when
the infection occurred. Chang et al* analyzed isolates from
infected sites and those from the anterior nares in seven
patients with MRSA infection, reporting detection of the
same isolates. Such a detailed analysis might yield further
information to elucidate the relationship between new
postoperative MRSA carriage and subsequent infection
following LDLT.
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Safety and Efficacy of Autologous Progenitor Cell
Transplantation for Therapeutic Angiogenesis
in Patients With Critical Limb Ischemia

Masahiro Kajiguchi, MD; Takahisa Kondo, MD; Hideo Izawa, MD;
Masayoshi Kobayashi, MD¥*; Koji Yamamoto, MD**; Satoshi Shintani, MD;
Yasushi Numaguchi, MD*; Tomoki Naoe, MD**; Junki Takamatsu, MD**;
Kimihiro Komori, MD*; Toyoaki Murohara, MD

Background Therapeutic angiogenesis using cell transplantation (TACT) is a treatment strategy for no-option
patients with critical limb ischemia (CLI). However, because one-third of treated patients fail to respond, the
present study was an exploration of the characteristics of responders and non-responders to this treatment
regimen.

Methods and Results Seven CLI patients (3 with Buerger’s disease, 4 with arteriosclerosis obliterans under-
going chronic hemodialysis (ASO-HD)) were treated according to the TACT protocol (n=6: bone marrow-
mononuclear cells (MNCs); n=1: peripheral blood-MNCs). Subjective symptoms (visual analog scale) and
objective findings (extent of ulcer, ankle—brachial pressure index, transcutaneous oxygen pressure, thermogra-
phy and angiography) were assessed. Numbers of transplanted CD34+, CD133* and CD34+CD133+ cells were
counted. Changes in circulating CD34+* and CD133+* cell numbers were also examined before and after the treat-
ment. All responders (n=3) had Buerger's disease, and ASO-HD patients did not respond well. Among the
responders, the numbers of circulating CD34+ and CD133+* cells persistently increased for | month after the
treatment, but not in non-responders.

Conclusions The TACT regimen improved CLI in patients with Buerger’s disease but not in those with ASO-
HD in this small study. In responders, post procedural circulating CD34+ and CD133+ cells persistently increased
for 1 month (ClinicalTrials.gov Identifier: NCT00145262, TACT-NAGOYA). (CircJ2007; 71: 196-201)

Key Words: Angiogenesis; Bone marrow; Limb ischemia; Progenitor cells

therapeutic angiogenesis, using angiogenic cytokines,
such as vascular endothelial growth factor (VEGF)
and hepatocyte growth factor, and bone marrow (BM)-
mononuclear cells (MNCs) in basic and clinical investiga-
tions!-¥
We previously demonstrated that therapeutic angio-
genesis using cell transplantation (TACT) is effective for
no-option paticnts with critical limb ischemia (CLI)7?
However, one-third of treated patients did not respond
well, presumably because of differences in underlying dis-
cases, age and other clinical background factors. Impaired
BM cell function and/or a decreased number of circulating
endothelial progenitor cells (EPC) may also cause the un-
responsiveness. Indeed, several studies have indicated that
the number and/or function of circulating EPC was im-
paired in patients with coronary risk factors and in those
with CLI%13 and thus EPC in non-responders might be
impaired, resulting in unresponsiveness to this therapeutic

I n the last decade there has been rapid development of

(Received Julv 3. 2006; revised manuscript received October 30,
2006; accepied November 20, 2006)

Depariments of Cardivlogy. *Vascular Surgery, **Transfusion Medi-
cine, *Medical Science of Proteases. and **Hematology and Oncology.
Nagova University Graduate School of Medicine, Nagoya, Japan
Muiling uddress: Toyouki Murohara. MD. Department of Cardiol-
ogy. Nagoya University Graduate School of Medicine. 65 Tsurumai,
Showa-ku. Nagoya 466-8350. Japun. E-mail: murchara@med.
nagoya-u.uc.jp

—207—

regimen.

Accordingly, we examined patient characteristics, clini-
cal background, and the change in the number of CD34+,
CD133+ progenitor cell levels in the studied subjects in
terms of responsiveness to the TACT protocol. Further-
more, the number of transplanted MNCs, CD34+, CDI133+
progenitor cells and post procedural changes in circulating

progenitor cell levels were compared in relation to respon-
siveness.

Methods

Patients

Patients were enrolled for TACT if they had severe CLI,
including rest pain, non-healing ischemic skin ulcers or
both, and were not candidates for conventional surgical or
non-surgical revascularization. Patients with poorly con-
trolled diabetes mellitus (DM) (hemoglobin Alc >6.5% or
proliferative retinopathy), or with evidence of malignant
disorder(s) during the past 5 years were excluded. Hyper-
tension (HT), hyperlipidemia and DM were diagnosed
when patients were currently receiving treatment for any of
these or had been diagnosed according to the criteria of the
Japanese Society of Hypertension (2000), Japanese Athero-
sclerosis Society (2002) and Japan Diabetes Society (1999),
respectively. Written informed consent was given by each
patient. The protocol was approved by the Ethics Commit-
tee of Nagoya University School of Medicine. In this study,
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7 consecutive patients were enrolled from December 2002
to March 2006.

Procedures

In 6 patients. approximately S00ml of autologous BM
was aspirated from the ilium under general anesthesia, and
collected into plastic bags containing heparin. In | patient,
peripheral blood (PB)-MNCs were collected by cell apher-
esis. We sorted BM- or PB-MNCs using a blood-cell sepa-
rator (Baxter, Deerfield. IL. USA) to 95% purity and con-
centrated them into a final volume of 30 m! within 2h after
aspiration. In 6 patients we implanted MNCs approximate-
ly 2h after BM or PB aspiration by direct intramuscular
injection into the gastrocnemius of the ischemic legs (4.0x
10¢ to 7.0x107 cells) and in the remaining patient. we im-
planted BM-MNCs not only into the gastrocnemius but also
into the quadriceps femoris of the ischemic leg, because
blood perfusion was significantly reduced at knee level. We
implanted approximately 0.75 ml of BM-MNC or PB-MNC
suspension into each injection site using a 26-gauge injec-
tion needle at 2.5x2.5cm grid intersect as injection site
markers.

Assessment of Limb [schemia

Safety and efficacy of the treatment, defined as rest pain
scale (visual analog scale: VAS), ankle-brachial blood
pressure index (ABI) and transcutaneous oxygen pressure
(TcOz2) were reconfirmed. We measured ABI and TcO2 be-
fore. | day and 1. 2. 4 and 24 weeks after the TACT thera-
py. We used the criteria of Rutherford et al to assess limb
status!4 To measure ABI, we established Doppler-derived
arterial segmental pressures on the ankle and brachium
with a standard adult cuff, and indexed ankle systolic blood
pressure against brachial systolic blood pressure (normal
range >1.0). We judged an increase in ABI of more than
0.1 as an improvement, according to the standard assess-
ment of interventional therapy for peripheral artery dis-
ease!* We measured TcO2 using an oxygen monitor
(TCM4, Radiometer, Copenhagen, Denmark). After clean-
sing the measurement site with ethanol, we applied the
probe, and heated the skin surface to 43.5°C. When a
steady-state temperature was achieved, a value expressed
in mmHg was recorded (normal range >60 mmHg). These
measurements were performed while patients were supine.
TcO2 was measured repeatedly. and the first measurement
was performed when patients were breathing room air, and
the second when they were given oxygen (6 L/min) for
5min. We also assessed subjective symptoms by rest pain
scale score [VAS: rated as 1 grades from Q (pain free) to
10 (maximum pain)] before. 1 day and 1, 2, 4 and 24 weeks
after the TACT therapy. Before and 4 weeks after the treat-
ment we performed angiography in which the absolute
amount of contrast medium. speed of contrast injection, and
the position of the catheter tip were strictly fixed. Angiogra-
phy and thermography were performed before and 4 weeks
after the TACT therapy. Angiographically, we assessed new
collateral vessel formation as O (no collateral development),
+1 (slight). +2 (moderate), or +3 (rich). New collateral
vessel formation was assessed by 2 interventional radiolo-
gists who were unaware of the treatment regimen.

Progenitor Cell Assay

Fluorescence-activated cell sorting (FACS) analysis re-
vealed that circulating EPC expressed cell surface antigens
such as CD34. CD133 and VEGF receptor 2 (VEGFR2)!5
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Patient Characteristics

Table 1

Case

Past history

Previous treannent for CLI

ABI

Ischemic site/

Age

{vears)

Diagnosis

Gender

status

no.

Buerger's diseuse

Hyperlipidemiu, smoking

Medication, sympathectomy

1.09

Lt. toe (I)/non-healing ulcer

F

37

20yo: gout, 43vo: CRF on HD (gout kidney), 45vo: ASO (both legs),

46v0: AMI (stent), smoking

Medication

0.56

ASO Lt. roe (Hl)/non-healing ilcer

57

33vo: DM, 40yo: CRF on HD (diabetic nephropathy), 50vo: AP (5_5_\'0 CABG),
51yo: ASO (bil. F-P bypass, 55vo PTA for bil. CIA. 58vo amputation)

52vo: CRF on HD (CGN), 65vo0: ASO

Bypass graft. PTA, amputation
of rt. finger and It. foot

Medication

Re. foot/rest pain 0.74

ASO

M

58

0.29

Rt foot/rest pain

ASO

67

ddvo: DM, 46vo: Buerger's disease (sympathectomy), hyperlipidemia, smoking

Medication. svmpathectomy

0.77

Rt toe (1)/vest pain

Buerger's disease

M

31

n, 53vo: AS (AVR).

N), hyperten

S6vo: ASO (57vo amputation), 57vo.

Smoking

y

40vo: CRF on HD (CC

Medication. amputation of r1,

lower leg

0.20

Lt twe (1.1, Vi/non-healing ulcer

ASO

M

enal artery aneurysm vupture (embolization)

Medication. sxmpathectomy

0.00

Lt. foot/rest pain

Buerger's disease

artery bypass graft: bil.. bilateral: F-P bype

S
X
G
N

AVR, aortic valve replucement.
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Table 2 Number of Implanted Cell
Cuse no. Imp.lunl Total MNC CD34* CDI33~ CD34* C.I?IJ‘}’ double
site cells cells positive cells
7 Lt gastrocnemius 3.7x10° 3.0x107 2.1x1V 2.Ix17
2 Lt. gastrocnemius 1.2x10¢ 1.7x107 0.62x10¢ 0.62x107
3 Ri. gastrocnemius 10.0x10° 0.4x107 0.38x107 0.35x 107
4 Ri. gastrocnemius 2.8x10° 3.3x107 3.0x107 3.0x107
3 R1. gastrocnemius 4.36x10" 7.0x107 5.1x107 5.1x107
6 Ls. gastrocnemius 1.6x10° 2.1x107 1.6x107 1.6x107
7 Lt. gastrocnemius and quadriceps femoris 9.0x10° 1.9x107 1.5%107 1.5x107
MNC, mononuclear cells. See Tuble | for other gbbreviations. T
10 ~ 12 o
o .\. _— 1
3 T~—@ —®—case?
8 L = case 7
~e—case s
r o8 r x:_,_’—"’_.-—————;;:‘ el
6 L :_: —&— case 2
ABl 0.6 case &
vAS s L —&— case 2 i -
—a— case 6
4 04 |
B =&~ case$
3 —dr— case 3 > L —e —@—case 4
5 0.2 &
2}
1l ot —a —m— case 7
i t ]
ol & caso 1 Before TACT 1week after 4 weeks after
T T . TACT TACT
Baseline 4 weeks Fig2. An increase in ankle—-brachial pressure index (ABI) of more

Figl. Subjective symptioms as assessed by visual analog scale
(VAS) improved in 5 patients (well improved in 2, mildly improved
in 3). One patient was completely relieved of rest pain.

Thus, we counted the numbers of transplanted total MNCs,
CD34+, CDI133+ and CD34+CD133+* double positive cells
by FACS analysis, and calculated the numbers according
to the following equation: the number of transplanted
(CD34+, CDI133+ and CD34+*CD133+) cells=the number of
total MNCs xpercentage of (CD34+, CD133+ and CD34+
CD133+) cells measured by FACS analysis.

We also counted those numbers in PB at | day, 3 days
and 1, 2 and 4 weeks after the treatment according to the
following equation: the numbers of (CD34+, CD133+ and
CD34+CD133+) cells=white blood cell countx percentage
of (CD34+, CD133+ and CD34+CD133+) cells measured by
FACS analysis.

Statistical Analysis

All statistical analyses were conducted using StatView
for Windows version 5.0 (SAS Institute Inc, Cary, NC,
USA). All data are expressed as mean+SEM. Significant
differences between responders and non-responders were
assessed by unpaired t-test. The value of p<0.05 was con-
sidered statistically significant. The number of circulating
CD34+ and CDI133+ cells was each translated into a loga-
rithm, and the changes in the numbers of circulating CD34+
and CD133+ cells were compared between responders and
non-responders by repeated measure ANOVA. The value
of p<0.05 was considered statistically significant.

Results and Discussion
In this preliminary report, we treated 7 patients with CLI

than 0.1 was not observed in any case. TACT, therapeutic angiogene-
sis with cell transplantation.

with cell transplantation according to the TACT protocol?
The clinical profiles of the 7 patients are shown in Table 1
3 patients had Buerger’s disease and the other 4 had arte-
riosclerosis obliterans undergoing chronic hemodialysis
(ASO-HD) (I diabetic, 3 non-diabetic patients). All patients
were treated safely. Among the 4 ASO-HD patients, 2 had
a previous history of amputation. The observation period
ranged from 5 to 39 months (mean 23.7 months).

Six patients received autologous BM-MNC transplanta-
tion (Table?2), and the remaining patient (case 3) received
PB-MNCs under intravenous anesthesia because a high risk
was expected with general anesthesia. In | patient (case 7),
we transplanted BM-MNC:s not only into the gastrocnemius
but also into the quadriceps femoris of the ischemic leg
because blood perfusion was significantly reduced even
above the knee. '

In the early phase until 4 weeks after treatment, subjec-
tive symptoms assessed by VAS were improved in the 3
Buerger's disease patients and 2 of the ASO-HD patients
(Fig 1). Objective findings did not necessarily parallel the
improvement on the VAS (Table 3). Among the 5 patients
with VAS improvement, the objective findings were im-
proved in 3 (Fig 2, Table 3). In the present study, we defined
responders as those who elicited improvements in both
subjective symptoms and objective findings. Thus, 3 of 7
patients were overall responders.

In the acute phase, all 3 responders had Buerger’s disease
and all 4 non-responders had ASO-HD. In the chronic phase,
of the 3 acute phase responders, | (case 1) had complete
healing of an ischemic ulcer and maintained the improved
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Table 3 Outcome at 4 Weeks

Case no. Svmptoms ABI
I Well improved NC
2 Mildly improved NC
3 Mildiv improved NC
4 NC NC
5 Well improved NC
6 NC NC
7% NC

Mildly improved

*Two weeks outcome.

TcO: Thermography Angiography
Improved NC improved
NC NC NC
NC NC NC
NC NC NA
NC Improved NA
Improved NC NA
Improved Improved NA

NC. no change: NA. no assessment. See Table | for other abbreviations.

status. | (case 5) relapsed with rest pain 6 months after cell
transplantation, and 1 (case 7) underwent below-knee ampu-
tation at postoperative day 16. although above-knee ampu-
tation had been thought to be inevitable (Table4) because
preoperative angiography had shown almost avascularity at
thigh level. Therefore, BM-MNCs were injected into not
only the gastrocnemius, but also the quadriceps femoris.
and the TcO2 below knee level had increased 2 weeks after
cell transplantation (from 45 to 59 mmHg), and uitimately
above knee amputation was avoided. For amputees salvage
of the distal joints is important for quality of life, so we
" judged cell transplantation to be effective in this case.
Thus. TACT seems to be safe and effective for patients
with Buerger's disease.

Among the 4 non-responders (all ASO-HD patients), 3
underwent toes or below-knee amputation and 1 (case 3)
died suddenly 5 months after cell transplantation (Table 4).
Considering the subject had high risk factors for systemic
arteriosclerosis (past history including diabetic nephro-
pathy. hemodialysis, coronary artery bypass graft, bypass
graft and percutaneous transluminal angioplasty for ASO
and previous amputation) and the situation at death, despite
the lack of autopsy we consider that the cause of death was
a cardiovascular event, such as ventricular tachyarrhythmia,
acute myocardial infarction or stroke. This case of sudden
death had little relation to the cell transplantation, because
the TACT had no effect on therapeutic angiogenesis and
seemed not to have any adverse effects on atherosclerosis
progression or plaque. Therefore, TACT was less effective
for end-stage ASO patients undergoing chronic hemodialy-
sis. In a previous study, some ASO patients responded well
to TACTY and there are several reasons why the TACT pro-

B. cD34+ cells
p=0.2159

A. Total MNCs
p=0.5529

Table 4 Long-Term Outcome

S servation period
Cuse  Observation perioc Outcome

no. (months)
/ 39 Complete healing of ulcer
2 36 Toes amputation (5 weeks & 9 months)
3 5 Sudden death (5 months)
4 25 Belovw-knee amputation (3 months)
5 25 Puin relapse
6 20 Below-knee amputation (6 weeks)
7 16

Below knee amputation (16 days)

tocol was not so effective in the present patients with ASO-
HD. First, their limb status was very poor: for example.
there were 2 cases of previous limb amputation. Second, all
ASO-HD patients were on relatively long-term hemodialy-
sis (13, 15, 17 and 19 years. respectively). It is well known
that patients on chronic hemodialysis have reduced endo-
thelial function!® reduced endothelium-derived nitric oxide
(EDNO) release!” have severe atherosclerotic lesions sys-
temically!® and thus have impaired angiogenic capability.
We previously showed that EDNO is important for
ischemia-induced angiogenesis!¥ and this process might be
severely impaired in patients with ASO-HD. Additionally, a
recent study showed that number and/or function of circu-
lating EPC is markedly reduced in patients with various
coronary risk factors!0-!l ischemic heart disease?® and
chronic kidney disease (CKD)!?

Progenitor Cells in BM and Circulating Progenitor Cells
BM-derived EPCs can be incorporated into neovasculari-
zation, a process known as vasculogenesis2-2! Therefore. it

D. cp34+ CD133* celis
p=0.2543

C. cD133+ cells
p=0.2553

x10° | x107 [—l x107 r_‘l x107 l_l
8, 6. ; .
7 4 l 5 4 J 4 4
6 1 ]
5' 4 | 3- o 3_
4 J 34 1 1
2] 2

:' 2 ] ] ] | [
1 14 1
14 14 ]
0 0 ] 0

[ responders

[ non-responders

Fig3. Numbers of transplanted total mononuclear cells (MNCs) (A). CD34+ cells (B). CDI133* cclis (C) and

CD34+*CD133* cells (D) tended to be
significant difference between the 2 groups.
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Time after treatment Time after treatment Time after treatment
: F < _NON-responders
D ... non-responders E ... non-responders T T T s
oo 2500 | fcoss )
o 2 : | ®Co133 ; :
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[-1] ' : :
:’ 2000 ! ; ‘: 1500 ‘
g 1500 ¢ i 2 500 1000 | H
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day1 day3 day7 day14 day28 day1 day3 day?7 day14 day28 dayt day3 day7? day1d day28
Time after treatment Time after treatment Time after treatment
Figd. Numbers of circulating CD34* cells (A) and circulating CD133+ cells (B) increased continuously in responders
(C), whereas in non-responders there was no increase in these cells (D-F).
A. Serum VEGF Level B. Serum bFGF Level
[ responder [ responder
pgégg . ll non-responder pg;gg . A non-responder
500 250 1
400 200 1
300 - -~ 150 1 Fig5. Serum vascular endothelial growth
factor (VEGF) levels and serum basic fibro-
200 - 100 1 blast growth factor (bFGF) levels at each
] ] time point were measured in 5 patients (cases
100 50 3-7). The changes in the levels of these
0 04 cytokines did not differ statistically between
before day1 day3 day? day14 before dayt1 day3 day7 day14 the responders and non-responders.

can be expected that the transplantation of a larger number
of BM-MNC or progenitor cells would be more efficacious.
Although the numbers of transplanted MNCs, CD34+,
CD133* and CD34+CD133+ cells were not significantly
different between responders and non-responders in the
present study, they tended to be greater in responders than
non-responders (Table 2, Fig 3). Among subjects with BM-
MNC transplantation, the number of transplanted MNCs
tended to be larger in responders than in non-responders
(5.687x1.668 vs 1.867+0.481, p=0.09). However, the dif-
ferences in the number of transplanted CD34+, CD133* and
CD34+CD133+ cells between the 2 groups was not so great
(3.967£1.550 vs 2.367+0.481, p=0.38, 2.900x1.114 vs
1.740+0.691, p=0.43, 2.900=1.114 vs 1.740+0.691, p=0.43,
for CD34+, CD133* and CD34+CD133+ cells, respective-
ly). Therefore, the clinical efficacy of this procedure might
depend on the number of transplanted MNCs rather than on
the number of transplanted progenitor cell.

However, the number of circulating CD34* and CD133+
cells increased continuously after cell transplantation in re-
sponders but not in non-responders [p=0.005 (CD34+ cells)
and p=0.014 (CD133+ cells), responders vs non-responders]
(Fig4). Therefore, the postprocedural increase in circulat-

ing progenitor cell levels may indicate more powerful
mobilization of progenitor cells from the BM in responders
than in non-responders. Several mechanisms account for
the relation between the increase in EPC level and clinical
course. First, transplanted BM-MNCs secrete various an-
giogenic cytokines, such as VEGF, basic fibroblast growth
factor (Fig$5) and angiopoietin-1, at the injection sites7-22:23
BM-MNC transplantation might cause further postproce-
dural mobilization of progenitor cells via secretion of these
cytokines. Second, the number of circulating EPC is reduced
in patients with risk factors for atherosclerosis, such as HT,
DM, smoking, aging, and in patients with CKD!0-13.24
Transpiantation of BM physically helps progenitor celis
mobilize in ischemic tissue. In this study, all non-respon-
ders had ASO-HD but because the sample size was only 3.
the efficacy and feasibility of the present TACT protocol
for ASO-HD subjects must be re-evaluated in a larger
sample.

Passuer et al reported that patients on long-term hemo-
dialysis showed reduced numbers of circulating CD34+ and
CD34+CD133* cells, impaired migratory activity and EPC
adhesion compared with control subjects, although the
blood VEGF level was significantly elevated in the dialysis
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patients?S Taken together. augmentation of EPC mobiliza-
tion from the BM might be impatred in patients with ASO-
HD. probably because of reduced M function.

Study Limitations

First. because the number of patients in this study is very
small. larger scale clinical trials are needed. Second. mech-
anisms for the unresponsiveness of ASO-HD cases to this
protocol need to be further clarified (eg. involvement of
uremic toxin. impaired production of erythropoietin, etc).
In addition, the mechanisms of the differential time course
of the number of circulating EPCs according to responsive-
ness and the type of underlying disease (eg, Buerger's dis-
ease or ASO-HD) should be further investigated. We could
not determine whether that the different time course of the
progenitor cell levels in the subjects reflects responsiveness
or disease condition or both.

Conclusions

TACT was performed safely, and the procedure per se
was feasible in patients with CL1. Favorable efficacy oc-
curred for patients with Buerger's disease but not in those
with ASO-HD. The responders showed a continuous in-
crease in the number of circulating progenitor cells after
TACT and this unique feature may be related to the clinical
efficacy of the procedure. The safety and efficacy of auto-

lpgous _progenitor cell transplantation were again recon-
firmed in this study.
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Letter to the Editors-in-Chief

Pitavastatin attenuates the upregulation of tissue
factor in restraint-stressed mice

To the Editor:

Hypercoagulability and thrombotic tendency are
frequently induced by a variety of stressors. Indeed,
the presence of psychosocial stressors has been
associated with increased risk of acute myocardial
infarction [1]. The restraint stress model often has
been used to investigate the stress response experi-
mentally in terms of pharmacologic, physiologic, or
pathologic phenomena in vivo [2]. Tissue factor (TF) is
a key procoagulant gene because it is the primary
cellular initiator of the coagulation protease cascade
and serves as a specific cofactor for plasma factors
ViI/Viia [3]. We previously reported that a restraint
(immobilization) stress, a typical physicopsychologi-
cal stress, to mice induced the TF gene expression in
several tissues, including kidneys and adipose tissues
[4]. Statins, 3-hydroxy-methylglutaryl coenzyme A
reductase inhibitors, have been broadly used for the
prevention from cardiovascular diseases primarily
with their lowering serum cholesterol levels. Statins
also exert pleiotropic and beneficial effects on
coagulation system, which are regarded to be
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independent of cholesterol lowering action. In par-
ticular, statins have been shown to reduce the TF
expression in lipopolysaccharide-stimulated macro-
phages and smooth muscle cells in vitro, and in carotid
lesions of cholesterol-fed rabbits in vivo [5,6].

We have observed that pitavastatin attenuated
the upregulation of TF gene in restraint-stressed
mice. Eight-week-old male C57BL/6J mice were
administrated with 10 mg/kg/day of pitavastatin or
atorvastatin for 3 weeks before the animals re-
ceived restraint stress. Restraint stress, RNA ex-
traction and RT-PCR assay were performed, as
described previously [4]. All procedures were
carried out according to the protocol approved by
the Animal Care and Use Committee of Nagoya
University. Twenty hours of restraint stress to mice
caused a substantial induction of TF mRNA in the
kidney and adipose tissues [4], which has been
regarded to be a major source of TF [7]. Pitavastatin
attenuated the induction of TF mRNA by stress in
these tissues in about 50% of the control (i.e., statin
free) mice, while atorvastatin did not (Fig. 1). As
plasma cholesterol levels were not affected by
statins in these mice (not shown), pitavastatin could
suppress the upregulation of TF gene independently
of cholesterol lowering action in restraint-stressed

0.8

0.6

04

0.2

TF mRNA (pg/ug total RNA)

0.0
Kidney

Figure 1

Adipose

Eight-week-old mice had been administered with pitavastatin (10 mg/kg/day) or atorvastatin (10 mg/kg/day) for

3 weeks (n=6, respectively), followed by 20-h restraint stress. As a control group, we prepared non-stressed mice and 20-h-
stressed mice without statin therapy (n=6, respectively). Kidneys and adipose tissues were harvested and analyzed for TF mRNA
by quantitative RT-PCR. White bars: no restraint stress; black bars: only 20-h restraint stress; dark gray bars: pre-treatment with
atorvastatin followed by 20-h restraint stress; hatched bars: pre-treatment with pitavastatin followed by 20-h restraint stress.

*p<0.05; **p<0.04.
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mice. The inhibition of HMG-CoA reductase by
statins leads to the decreased synthesis of choles-
terol and its associated precursors, which are
isoprenoid products (e.g., geranylgeranylpyropho-
sphates) from mevalonate. It has also been reported
that statins reduces the TF expression by suppres-
sing the formation of a geranylgeranylated proteins
required for the proper synthesis of TF [8]. Thus,
pitavastatin could attenuate the TF induction in
restraint-stressed mice through the inhibition of
geranylgeranylated protein synthesis.

Several differences are observed in pleiotropic
effects between statins. Although there have been
some reports on the inhibitory effect of atorvastatin
on the TF expression in vitro or ex vivo [9,10], its
suppressive effect in vivo is still controversial
[11,12]. Restraint stress induces inflammatory cyto-
kines (e.g., TNF-a) [4] and oxidative stress markers
(e.g., 4-hydroxynonenal and 8-hydroxy-2’-deoxy-
guanosine) [13], both of which could upregutate TF
gene expression in vivo [4,14]. In this context,
statins inhibit TNF-a-induced nuclear factor «B (NF-
xB) activation [15], which stimulates the TF expres-
sion, although they differ in their ability to btock NF-
«B activation [16]. Pitavastatin could strongly
suppress the molecular responses against stress
insults, which include the induction of cytokine-
induced NF-«B and the production of oxidative stress
markers in the ischemic model in vivo in comparison
with atorvastatin [17]. Taken together, pitavastatin
would attenuate the TF expression induced by stress
through the inhibition of TNF-a-induced NF-xB
activation (i.e., anti-inflammatory) and its anti-
oxidative effect. The finding in this study suggests
that pitavastatin contributes to the prevention from
thrombotic cardiovascular diseases associated with
physicopsychological stress although additional
studies to elucidate its mechanism are required.
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Abstract

Intravenous immunoglobulin (IVIG) therapy has been used for autoimmune discases and disorders involving autoanti-
bodies, including coagulation inhibitors. In this review, we have evaluated the efficacy and safety of IVIG therapy for acquired
coagulation inhibitors, including factor VIIT inhibitor, and for acquired von Willebrand syndrome on the basis of 44 reports
published between 1965 and 2005. Among 35 patients with factor VIII inhibitor, we estimated the efficacy of IVIG therapy
alone (which includes complete remissions and partial responses with a clinical benefit) to be 30% (11 cascs), whereas the
response to combination therapy with IVIG plus immunosuppressive agents (eg, corticosteroid, cyclophosphamide) seemed to
be better (approximately 70%, 33/45 cases) than with IVIG therapy alone. In acquired von Willebrand syndrome, the efficacy
of IVIG therapy was estimated to be 30%. The response to IVIG therapy appears to occur rapidly, and coagulation inhibitors
seem to be neutralized immediately. Moreover, severe complications or side effects rarely occur during TVIG treatment. IVIG
therapy thus may be considered one choice for treating acquired coagulation inhibitors, although its efficacy improves when
used in combination with immunosuppressive agents.

Int 1 Hematol. 2007:85:287-293. doi: 10.1532/1JH97.06222
© 2007 The Japanese Society of Hematology

Key words: Intravenous immunoglobulin therapy; Acquired coagulation inhibitors; Autoimmune disease; Factor VIIT
inhibitor; von Willebrand syndrome

1. Introduction to include many autoimmunc discases. IVIG has been shown
to be efficacious in clinical trials for graft-versus-host disease

Intravenous immunoglobulin (IVIG), a highly purified [5], myasthenia gravis [6]. Guillain-Barré syndrome [7},
immunoglobulin G (1gG) fraction derived from pooled Kawasaki disease [8], and chronic inflammatoryv demyelinat-
human plasma. is currently one of the most widely used ing polyneuropathy [9]. It has also been used to treat immune

plasma components in the world [1,2]. It was originally intro- neutropenia and coagulation inhibitor; [10-12].but its efficacy
duced as replacement therapy for patients with primary  and safety have not been firmly established.
immunodecficicncy disorders. In 1981, Imbach et al reported a Coagulation inhibitors, antibodies against individual clot-

screndipitous observation that a high-dose infusion of IVIG ting factors, interfere with blood coagulation. The most com-
(2 g/kg of body weight infused over 5 days) was able to tran- mon coagulation inhibitor is factor VITT inhibitor, an ar.m.body
siently increase the platelet count in children with idiopathic against factor VIII that neutyqlizes the coagplam activity 'of
thrombocytopenic purpura (ITP) [3]. With the encourage-  factor VIIL Factor VIII inhibitor develops in patients with
ment of this and other reports on ITP [4], the clinical applica- hemophilia A as an alloantibody a_ftcr rcplaccmcnt thcrapy
tions of TVIG have increased markedly over the past 25 years or spontancously as an autoantibody in nonhcmophllhc
patients [13], including postpartum patients and those with
autoimmune disease, malignancy, or diabetes [14]. Once
developed in such patients, factor VIII inhibitor poses a seri-

Correspondence and reprint requests: Koji Yamamoto, ous problem for the management of blegding episqde&
Department of Transfusion Medicine. Nagoya University because any infused factor VIII will be rapldly neutralized
Hospital. Nagoya, Japan,; fax: 81-032-744-2610 (e-mail: and will not be available to induce hemostasis [15]. Allhoug,h
kojiy@med.nagoya-u.ac.jp). 1VIG therapy has been used as one of the immunotherapies
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for eradicating coagulation inhibitors, such an indication is
considered off label [2].

The aim of this review is to examine the cfficacy and
safety of IVIG therapy in patients with acquired inhibitors
against factors VIIIL, IX, or V. and in patients with acquired
von Willebrand disease. Cases with lupus anticoagulant were
not included in this review. An electronic search of the
Mecdline/PubMed databasce from 1965 to 2005 was performed
to identify rclevant articles. This search yiclded 108 citations,
72 of which were considered appropriate and reviewed.
The bibliography of cach review paper was cxamined to
identify articies that may have been missed by our electronic
searches.

2. History

In 1983. Nilsson ct al reported an interesting observation
[11]. A patient with severe hemophilia B and factor X
inhibitor was treated with extracorporeal protein A-Sepharose
adsorption to remove the inhibitor, followed by the adminis-
tration of factor IX concentrate and cyclophosphamide. This
procedurc produced a 15-fold increasc in factor IX inhibitor on
one occasion but did not causc any increasc of the inhibitor
titer on another occasion, when 5 g of 1IVIG was also given
to the patient to restore the reduced IgG level. The investiga-
tors suggested that the administration of TVIG appeared to
suppress antibody synthesis in hemophilia B patients with fac-
tor 1X inhibitor.

Thrce groups of investigators reported the use of IVIG in
the management of factor V111 inhibitors in 1984 [12.16,17].
IVIG therapy combined with vincristine produced a tran-
sient disappearance of acquired factor VIII inhibitor along
with a slow rise of factor VIIT activity in a 13-year-old boy
with autoimmune disease [16]. IVIG therapy was ineffective
in 2 paticnts with hemophilia A inhibitor {17]. Sultan ct al
{12] reported that 1VIG therapy (0.4 g/kg body weight per
day for 5 days) resulted in the rapid. marked, and prolonged
suppression of factor VIIT inhibitor in 2 patients with
acquired factor VIIT antibody (autoantibody) but that it had
little or no effect in 2 hemophilic patients with factor VIII
antibody (alloantibody). They showed by in vitro experi-
ments that 1VIG preparations were able to ncutralize the
anti—factor V111 activity of the paticnts’ plasma and the IgG
fraction of the paticnts’ sera. Many articles were subsc-
quently published on the effect of TVIG on acquired factor
VIIT inhibitors, as is discussed later.

3. Possible Mechanisms of Action

The rapid risc in the platelet count in ITP following IVIG
administration is thought to occur through binding to and
blocking Fcy receptors on macrophages, thereby preventing
the removal of antibody-coated platelets by the reticuloen-
dothelial system in the spleen and liver {4]. This mechanism,
however, docs not appear to explain the cffect on coagula-
tion inhibitors.

Scveral hypotheses on the mechanisms of action of 1VIG
on factor VI inhibitor have been put forward. Sultan ct al
and Kazalchkine and Kaveri postulated that anti-idiotypic
antibodies present in TVIG preparations neutralize factor

VI autoantibodies [12,18]. F(ab’), fragments from IVIG
preparations inhibited anti-factor VIII activity in F(ab’),
fragments from the patient’s plasma. Anti-factor V111 F(ab’),
fragments were specifically retained on an affinity column of
Sepharose-bound F(ab’), from IVIG. indicating that a direct
interaction occurred through the antibody-binding sites of
both immunogiobulins [19]. Anti-idiotypes against various
autoantibodics were shown to be present in pooled normal
human polyspecific immunoglobulin. In addition, IgG pre-
parcd from clderly donors and multiparous women was
reported to contain a higher frequency of neutralizing anti-
bodies against factor VIIT autoantibodies [20]. It is puzzling
that such an in vitro antibodv-neutralizing effect was not
always demonstrated, even though in vivo administration of
IVIG produced a marked reduction of the inhibitor titer
[21.22].

The fall in inhibitor titer following IVIG therapy without
simuitaneous immunosuppressive treatment appears 10 be
rapid (within several days) in mosi cases [12,23,24] but is
slow (more than 10 days) in others [22,25]. There must be
slow effects of TVIG on autoantibody production. In addition
to its direct and immediate action on antibodies, IVIG has
been proposed to suppress antibody formation by B-cclls, a
process mediated through the down-regulation of Fey recep-
tors [26]. Furthermore, IVIG may induce T-cell suppressor
activity [27]. These observations taken together suggest that
IVIG exerts its effect on the inhibitor titer through more
than one mode of action.

4. Efficacy
4.1. Fuctor VIII Inhibitor

We extensively reviewed the international literature pub-
lished from 1965 to 2005. The typical IVIG dosage used for
treating factor VI1II inhibitor was 0.4 g/kg per day for 5 con-
sccutive days.

The efficacy criteria (ie, the response to IVIG therapy)
were as follows [28]: Complete remission (CR) was defined
as the disappearance of the inhibitor, partial response (PR)
was defined as a decrease in the inhibitor titer by at least
25% of the basclinc value, and failure was defined as other
than CR and PR.

In Table 1. we present all of the cases in which the cfficacy
of TVIG treatment alone was evaluated [12.22-25.28-40].
The response to IVIG therapy alone was failure in 11 cases
(31.4%) and PR in 21 cases (60.0%). but with a subsequent
clinical benefit in only 8 paticnts. Finally, 3 paticnts (8.6%)
achicved CR. The cfficacy of IVIG therapy alonc. which
includes CR and PR with a clinical benefit, among these 35
paticnts was estimated to be 31.4% (11 cascs). In most cases
of CR or PR, the response to IVIG treatment was rapid. and
factor VIIT inhibitor seemed to be neutralized immediately.

We summarize the responses to combined therapy with
IVIG plus immunosuppressive agents in Table 2 21,25,
28.32,35.38-52]. The response to 1VIG plus steroid and/or
cyclophosphamide therapy was better than to 1IVIG treat-
ment alone. CR was achicved in 19 (73%) of 26 palticnts
who were treated with TVIG plus steroid. In addition. 14
(74%) of 19 patients who received TVIG plus steroid and
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