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Figure 1 Seroconversion from (B) positive HBeAg to () positive anti-HBe in pair-matched groups by gender and age com-
prising (a) 12 genotype B and (b) 12 genotype C patients with chronic hepatitis B who were positive HHBeAg at initial consultation.
Given therapies for each patient are listed on the right. IFN, interferon; UDCA, ursodeoxycholic acid 300-600 mg/day; syo-
saiko-to, Japanese herbal medicine containing glycyrrhizin.

Table 3 BCP and PC mutations in sera of 31 patients with chronic hepatitis B

Genotype B (n=11) Genotype C (= 20) Pr
BCP (1762A/1764T) +/— 2/9 15/5 0.0068
1858C +/- 1/10 0/20 0.3548
PC (1896A) +/- 9/2 7/13 0.0233

BCP, basic core promoter; PC, precore.

Orito ez al.®® In our study, AST/ALT levels in genotype
B patients were not statistically different to those in gen-
otype C patients at initial consultation. This result is
inconsistent with those obtained in other studies in
Japan®? and in Taiwan,'® where genotype C patients had
higher AST/ALT levels. This may be due to the rela-
tively small number of examined cases in the present
study.

There was no statistical difference in HBV viral load
between genotype B and C patients. Orito ez al. found a
higher HBV viral load (5.87-5.02 LGE/mL) in 610

genotype C patients compared to 88 genotype B
patients with type B chronic liver diseases.®® Therefore
many more cases with chronic hepatitis B seem to be
needed to reach a final conclusion concerning this
matter.

Histologically, genotype B patients had a slightly
enhanced level of lobular necroinflammation than gen-
otype C patients. In contrast, genotype C patients had
more severe portal inflammation and fibrosis when
compared to genotype B patients. These differences
need to be more strictly reconfirmed by a larger number
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Figure 2 Nucleotide sequences of the basic core promoter and precore regions of genotype B hepatitis B virns (HBV) strains
that were recovered from 11 patients with chronic hepatitis B. HPBADW 1, reference sequence for genotype B HBV (uppermost
line). These sequences are divided into four subgroups according to the HBeAg/anti-HBe status as shown in the lefi-hand col-
umns. The nucleotide positions 1762, 1764, 1858 and 1896 are indicated by arrows. The precore and pregenomic mRNA are

indicated by thin arrows.

of cases because the number of histologically examined
genotype B patients was much fewer (10 cases) than
that of genotype C patients (58 cases). There still
remains a possibility that genotype B patients tended to

" have visited Niigata University Hospital due to the tem~
porary flare-up of transaminases while genotype C
patients did not have such a tendency:

Genotype B patients positive for HBeAg at initial
consultation had significantly earlier seroconversion
than their pair-matched genotype C patients (Fig. 1)
despite the fact that they apparently had fewer thera-
peutic sessions. This difference may indicate that the
outcome of chronic hepatitis B can be largely influ-
enced by HBV genotype. It is an already established
fact that HBeAg seroconversion usually precedes the
emergence of PC mutation at nucleotide 1896.”" More
precisely, the emergence of PC mutation occurs inde-
pendently but follows the HBeAg seroconversion
according to the studies by Maruyama ez al.*’ More-
over, the core promoter region of the HBV genome had
also been proposed to be very strongly related to the
disease severity and activity.* Thus, sequence analysis
of these regions was thought to be necessary to further
determine the genotypic difference in terms of HBeAg
seroconversion.

Recently, Sumi ez al. found that genotype B patients
were older than genotype C patients when they were
restricted to those with advanced fibrosis (F3 and F4)
and hepatocellular carcinoma.”® They also noted that
the cumulative HBeAg seroconversion rate in chronic
liver diseases was significantly higher in genotype B
patients than in genotype C patients. Our data concern-
ing age and FHBeAg seroconversion are consistent with
their data, which were deduced from a far larger num-
ber of examined cases than ours. However, they noted
that the lifelong risk of progression to advanced fibrosis
and development to hepatocellular carcinoma may not
differ among genotype B- and C-related chronic liver
disease. Thus, further follow up of cases may be needed
to verify the prognostic difference among genotype B-
and C-related chronic liver diseases.

According to the obtained data concerning HBeAg
seroconversion in the present study, genotype B HBV
had earlier HBeAg seroconversion, higher incidence of
PC mutation resulting in positive anti-HBe, whereas
genotype C HBV had later HBeAg seroconversion, and
higher incidence of BCP mutation resulting in positive
HBeAg.

In European countries where the genotypes A and D
HBV prevail, infection by genotype A HBV has been
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Figure 3 Nucleotide sequences of basic core promoter and precore regions of genotype C hepatitis B virus (HBV) strains that
were recovered from 20 patients with chronic hepatitis B. HPBADRA, reference sequence for genotype C HBV (uppermost line).
These sequences are divided into three subgroups according to the HBeAg/anti-HBe as shown in the left-hand columns. The
nucleotide positions 1762, 1764, 1858 and 1896 are indicated by arrows. The precore and pregenomic mRNA are indicated by

thin arrows. H, A/T/C; W, A/T.

closely related to the persistently positive HBeAg sta-
tus.'® Consequently, genotype A patients with chronic
hepatitis B have often been thought to have more severe
and prolonged inflammation in liver histology and a
lower seroconversion rate when compared to genotype
D patients. This can be explained by a single nucleotide
replacement at position 1858 from T to C, which is
complementary to the PC mutation site of 1896 in the
stem-~loop structure of the encapsidation signal of the
HBV genome. In the present study, however, the major-
ity of HBV strains had T instead of C at the nucleotide
position 1858, irrespective of HBV genotypes (B or C).
Thus, a difference we found in the incidence of PC
mutation at 1896 between genotype B and C HBV can-

not be explained by the 1858 nucleotide. Factors other
than 1858C must be looked for to explain this differ-
ence in the incidence of PC mutation between genotype
B and C HBV in Japan.

The significance of BCP and/or PC mutations in the
HBeAg seroconversion, the persistence of HBV infec-
tion, or the replication of HBV has been studied, by
many researchers, in relation to the disease activity.>**2
The double mutation of BCP, 1762T/1764A may
downregulate the PC messenger RNA transcription,
resulting in a low HBeAg titer in blood.” Some inves-
tigators reported that this mutation might cause
enhanced replication of the HBV particles by increasing
the encapsidation efficiency™ of the virus. Qur results
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highlighted a possible causative link between this pecu-
liar mutation and the clinicopathological aspects of gen-
otype C HBV infection that showed more severe portal
inflammation and fibrosis, more delayed acquisition of
anti-HBe, and more prolonged disease activities.'®***?
This possibility was further strengthened in the present
study by the fact that portal hepatitis and fibrosis in
genotype C patients were more severe than those in gen-
otype B patients. Our study revealed exact differences in
the incidence of both BCP and PC mutations between
genotype B and C HBV, even though it had a cross-sec-
tional nature. The genotype B HBV preferentially had
PC mutation without BCP mutation, whereas most
genotype C HBV strains in the present study possessed
BCP mutation in the paucity of PC mutation.*® Because
PC mutation without BCP mutation follows the cease
or markedly reduced production of HBeAg and core
protein,*® seroconversion from HBeAg to anti-HBe
occurs with the stabilization of serum AST/ALT levels
in most instances. In contrast, BCP mutation irrespec-
.tive of PC mutarion may be a key event to induce an
enhanced, or at least unchanged rate of viral replication
by more efficient encapsidation of the virus,'® and is
associated with the reduction of HBeAg production as
previously described.*® Consequently, this BCP muta-
tion would give HBV a chance to persist longer and
more easily in the host, therefore often inducing long-
standing active inflammation and tissue damage, and
eventually leading to liver cirrhosis and finally to hepa-
tocellular carcinoma. The BCP mutation is recently
reported to be an independent risk factor for develop-
ment of HCC irrespective of HBV genotypes.*® One
genotype C HBV strain had a nucleotide deletion at
nucleotide position 1767-1774 in the BCP, the same
deletion has already been reported in Japanese patients
with chronic hepatitis B.* These mutation and/or dele-~
tion events in the BCP region are a key phenomenon for
viral persistence regardless of the PC mutation, which
have been proven to associate more frequently with gen-
otype C HBV infection in the present study.

The impact of this genotypic difference in chronic
HBYV infection must be emphasized because it is able to
serve as one of the predicting factors for outcome and
disease severity in chronic hepatitis B. It should also be
extended to an attempt to analyze responses to known
therapeutic modalities including steroids, interferon, or
recently introduced lamivudine. The comprehensive
understanding of the HBV genotype in future studies
would help us in making more sophisticated therapeutic
decisions and give us a perspective in the clinical course
of chronic hepatitis B of any kind.
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ABSTRACT

Background/Aims: In this study we evaluated the
potential role of preoperative h-TERT mRNA expres-
sion in peripheral blood as a tool for predicting prog-
nosis and tumor recurrence after living-related liver
donor transplantation (LRLDT).

Methodology: The study included patients with
unresectable HCC who underwent LRLDT from July
1999 to May 2003.

Results: There was no significant difference
between the survival curves of those patients who
met the Milan criteria and those who did not. How-
ever, there was a statistically significant difference

(p=0.032) between the survival curves of those
patients with positive preoperative h-TERT mRNA
expression, and those who either had an initially neg-
ative preoperative h-TERT mRNA or who converted
from positive to negative after neoadjuvant
immunochemotherapy.

Conclusions: In conclusion, the presence or
absence of h-TERT mRNA in the peripheral blood
may be a useful criterion in evaluating HCC patients
for transplantation, as well as a valuable method of
assessing anti-tumor therapy and tumor relapse.

INTRODUCTION

Tumor recurrence remains the major problem in
liver transplantation performed for hepatocellular car-
cinoma (HCC) (1,2). One reason for tumor relapse is
the dissemination of cancer cells from the native dis-
eased liver into the patient’s systemic circulation. Sato
et al. (3) reported that the detection of o-fetoprotein
(AFP) mRNA in peripheral blood using nested RT-
PCR could be a useful prognostic predictor of HCC
recurrence in this patient population. However, the
specificity of this test was limited since AFP mRNA
was detectable in the mononuclear cell fraction of den-
dritic cells and the cell source of this AFP mRNA was
unclear.

Telomerase is. a reverse transcriptase that has
been implicated in the de novo synthesis of GGTTAG
telomeric DNA on to chromosomal ends. This synthe-
sis stabilizes genomic integrity, thus aiding in the
immortalization of cancer cells. Investigators have
shown that telomerase is reactivated in approximate-
ly 85% of malignant tumors of various types, but it
remains inactive in most normal non-neoplastic
somatic cells (4,5).
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Human-telomerase reverse transcriptase (h-
TERT) is a catalytic component of reverse transcrip-
tase, and h-TERT expression is the rate-limiting step
for telomerase activity. In a previous study, we report-
ed that detection of h-TERT mRNA after immuno-
magnetic separation is a specific and sensitive tool to
detect HCC cells. We postulated that our findings
might warrant further investigation of h-TERT
mRNA’s use in detecting metastatic disease (6). In
this study we evaluate the potential role of preopera-
tive h-TERT mRNA expression in peripheral blood as
a tool for predicting prognosis and tumor recurrence
after living-related liver donor {ransplantation
(LRLDT) in HCC patients.

METHODOLOGY

Quantitative h-TERET assay: Two mL of
peripheral blood were drained and anticoagulated
with EDTA before various treatments. The samples
were immediately diluted with the same volume of
modified PBS (PBS containing 0.5mM EDTA and 1%
BSA) and separated into two aliquots (1 and 3mlL) for
negative and positive selection of epithelial cells,
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respectively. For the negative and positive selection,
8x107 immunomagnetic beads covalently coated with
anti-CD45 monoclonal antibodies (Dynabeads M450
CD45; Dynal A.S., Oslo, Norway), which react to pan-
leukocytes, were added and gently rotated at 4°C for
30 min. The cells that bound to the beads were har-
vested using a magnetic field as an L-fraction. The
cells in the supernatant were also collected by cen-

~ trifugation at 3000 rpm for 5 min as an NL-fraction.

For the positive selection, 2.4x107 immunomagnetic
beads covalently coated with Ber-EP4 monoclonal
antibodies (CELLection Epithelial Enrich; Dynal A.S.)
were mixed with 1mL of 3mL of the diluted blood. Ber-
EP4 antibody recognizes various types of normal and
malignant epithelial cells including approximately
67% of HCC. Incubation and collection were per-
formed in the same manner as described in the nega-
tive selection. The cells in the supernatant were col-
lected as an NE-fraction. The harvested cells in a mag-
netic field were resuspended with the 1-mL residual of
the diluted sample, and the cells were harvested again.
The same procedure was performed once more, and
final harvested cells were collected as an E-fraction.
Finally, the cells of the E- and L-fractions were
washed twice with 1mL of modified PBS to clear up
RBCs and resuspended in 300pL of modified PBS.

RT-PCR: Total RNA of each fraction was isolated
using IsoGen LS (Wako, Osaka, Japan) according to
the manufacturer’s instructions and resuspended in
20pL of water treated with diethyl pyrocarbonate.
After denaturation, cDNA synthesis was performed by
incubating 200pmol of random hexaoligonucleotides
and 7 units of RAV-2 reverse transcriptase (Takara,
Otsu, Japan). Three ML of synthesized cDNA were
subjected to PCR reaction after diluting the products
to 60uL with diethyl pyrocarbonate-treated water. For
amplification of h-TERT ¢DNA, nested PCR was exe-
cuted. In the first PCR, 369-bp fragments from a 1435-
1803 nucleotide position (GenBank accession number
AF018167), which is not involved in reported alterna-
tively spliced regions, were amplified in 10uL of a reac-
tion mixture containing 5pmol of each primer (5-
AGGTGTACGGCTTCGTGCG-3" and 5’-TGCTCCA-
GACACTCTTCCGGTAG-3), 0.2mM deoxynucleoside
triphosphates, and 0.5 units of Tag DNA polymerase
(Takara). Amplification was performed using a Ther-
mal cycler MP (Takara) with 35 cycles as follows:
denaturation at 98°C for 15s; annealing at 65°C for
30s; and extension at 72°C for 30s with a final exten-
sion at 72°C for 5 min. Three pL of 100-fold diluted
first PCR products were subjected to a second PCR
using primers 5’CAGGCACAACGAACGCCG-3’ and
5-CCTGAGCAGCTCGACGACGTAC-3’, which am-
plify 235-bp fragments at a 1496-1730 nucleotide posi-
tion. The second PCR program was the same as that
of the first PCR, except for the annealing temperature
at 67°C.

A 491-bp fragment of o chain of IL-2r cDNA at
422-912 nucleotide position was amplified in a 10-pL
reaction mixture using primers 5-AATGCA-
CAAGCTCTGCCACTC-3 and 5-GGCCACTGCTAC-

CTGGTACTC-3. The amplification cycles consisted of
35 cycles, denaturation at 94°C for 30s, annealing at
65°C for 30s, and extension at 72°C for 30s. As for h-
TERT positive fractions, 3uL of 100-fold diluted first
PCR products were subjected to a second PCR per-
formed in the same manner as the first PCR. A 626-bp
fragment of B-actin cDNA specific for active B-actin
gene was amplified in the same manner as the previ-
ous report. Nested PCR for amplification of AFP mes-
sages was performed in the same way as the previous
report using the ¢cDNA prepared for h-TERT evalua-
tion. After separation through 6% polyacrylamide gels,
all PCR products were visualized by ethidium bromide
staining.

Patients: The pre- and postoperative peripheral
blood samples of 11 patients with unresectable HCC
who underwent LRLDT in our institution from dJuly
1999 to May 2003 were examined for the presence of
h-TERT mRNA. Five patients were female; six
patients were male. Ages ranged from 39 to 68 years
with a median age of 55+8.3 years. Six patients had
stage A HCC and deviated from the criteria set forth
by Mazzaferro et al. (7), while the rest of the patients
fell within the limitations of the Milan criteria. Medi-
an follow-up was 28 months with a rage of 15 to 60
months. '

In addition to LRLDT, four patients were also
offered three phases of medical therapy. Neoadjuvant
immunochemotherapy consisted of 5-FU, Adriamycin,
and Interferon B, as previously described (9). As adju-
vant chemotherapy, patients were given 10mg of Adri-
amycin once a week. "Sandwich chemotherapy", also
described previously (8), consisted of intraportal deliv-
ery of 250mg of 5-FU for three consecutive days, start-
ing on Day 7 to 14 after LRLDT.

In total, three patients received postoperative
sandwich chemotherapy. One patient did not receive
neoadjuvant immunochemotherapy because of his
poor preoperative condition. One patient did not
receive sandwich chemotherapy because of a severe
postoperative infection.

FK506 and prednisolone were used for immuno-
suppression following LRLDT. Additionally, donor
blood was transfused via the recipient portal vein

immediately after reconstruction of the hepatic artery.

Thereafter, for eight weeks on a weekly basis, a donor-
specific transfusion (DST) of 50-100mL was infused
via the portal vein. Ten patients underwent repeated
DST via the portal vein in an effort to reduce the level
of required immunosuppressants (8,10-12).

Histologic analyses of the resected specimens were
performed. The effects of neoadjuvant immunochemo-
therapy and adjuvant chemotherapy on the outcomes
of patients who underwent LRLDT for HCC were
examined. h-TERT mRNA expression in the peripher-
al blood was analyzed.

RESULTS
Histologic Analysis

All six resected tumors from patients who did not
fit the Milan criteria had vascular invasion of vp 1-3,
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and vv1 upon histologic analysis. Of those five patients
who fell within the Milan criteria, the resected speci-
men from the h-TERT mRNA positive patient had
vascular invasion, while the other four patients
including Milan criteria had no vascular invasion.
Tumor size ranged from 22mm to 280mm. Numbers
of tumor nodules in the resected specimens ranged
from two to 35.

Expression of h-TERT mRNA and Survival

The outcomes of each of the eleven patients are
shown in Figure 1. h-TERT mRNA was detected pre-
operatively in five patients. Preoperative h-TERT
mRNA disappeared in two of the four patients who
received neoadjuvant immunochemotherapy. One of
these patients still survives without recurrence for 60
months The other, patient died after seven months
due to sepsis but was tumor-free and without evidence
of Hepatitis B and C recurrence at the time of death.
The other two patients who still had detectable levels
of h-TERT mRNA after neoadjuvant immunochemo-
therapy died seven and eight months, respectively,
after their LRLDT secondary to disseminated disease
(pulmonary metastases). The sixth patient who fell
within the Milan criteria did not receive neoadjuvant
immunochemotherapy because of his poor preopera-
tive status. Two months after LRLDT, he developed
lung and graft metastases and ultimately died ten
months after transplant.

These results were evaluated, isolating the effects
of the Milan criteria and of h-TERT mRNA expression
on survival (Figures 2 and 8). There was no signifi-
cant, difference between the survival curves of those
patients who met the Milan criteria and those who did
not. However, there was a statistically significant dif-
ference (p=0.032) between the survival curves of
those patients with positive preoperative h-TERT
mRNA expression, and those who either had an ini-
tially negative preoperative h-TERT mRNA or who
converted from positive to negative after neoadjuvant
immunochemotherapy.

DISCUSSION

Because of the high rates of tumor recurrence, ini-
tial experiences with liver transplantation for HCC
were disappointing. In an effort to codify selection cri-
teria for these patients, investigators looked at the
effect of different pathologic features, such as tumor
size, number of nodules, intrahepatic vascular involve-
ment and regional lymph node involvement, on
patient survival. These factors were found retrospec-
tively to have bearing on patient outcomes. Mazzafer-
ro et al. applied these findings in a prospective trial
and elucidated a set of specific tumor features favor-
able to survival that are now widely accepted as the
Milan eriteria (7). Since Mazzaferro’s report, however,
researchers have continued to search not only for
ways to further refine these criteria but also for new
factors that would improve patient selection. This has
been particularly true in Japan where almost all liver
transplantation is performed using living donors.

3 hTERT()
5 Milan Criteria 1 hTERT(H) 1 dead (recurrence)
1ND 1 dead (sepsis)

i)~ (2]
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(Stage IVA) 2 W'TERT(-)
~| 4 KTERT(H) 1 dead (sepsis)

P lFNﬁ —172 bTERT(+) H 2 dead (2 recurrence) ‘
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FIGURE 1 Qutcomes of the survival of in eleven HCC patients who underwent LRLDT
conceming Milan criteria and the expression of h-TERT mRNA.
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FIGURE 3 Comparison of survival curve between h-TERT mRNA
positive and negative patients.

Two important reasons for tumor recurrence are
the presence of clinically undetectable circulating can-
cer cells and the need for immune suppression after
transplantation. Circulating cancer cells are believed
to escape from the native, diseased liver and are often
largely ignored because of a lack of detection tech-
niques. With more precise preoperative detection of
these errant cells, clinicians would presumably have a
more accurate method of predicting prognosis after
LRLDT for HCC. We chose to study h-TERT mRNA,
believing it to be more specific than AFP mRNA as a
marker for the presence of circulating cancer cells. In
this study, all patients with h-TERT mRNA present in
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their peripheral blood preoperatively had tumor
relapse soon after LRLDT. Those two patients whose
h-TERT mRNA expression disappeared after neoadju-
vant immunochemotherapy did not develop tumor
recurrence, much like the group that had negative h-
TERT mRNA expression from the outset. Given these
finding, h-TERT mRNA might prove valuable not only
in the study of preoperative treatment modalities and
in postoperative patient surveillance, but also in the
evaluation of prospective LRLDT patients with HCC.

Tt has also been reported that neoadjuvant chemo-
therapy or adjuvant chemotherapy can prolong sur-
vival after liver transplantation for even those HCC
patients outside of the Milan criteria. For this reason,
in this study we used neoadjuvant immunochemother-
apy and postoperative "sandwich chemotherapy" with
our patients. It was our belief that this regimen could
potentially reduce or eliminate the preoperative circu-
lating cancer cells, thus preventing the development of
postoperative metastatic disease.

Besides the presence of circulating microscopic dis-
ease, the need for immune suppressing drugs after
transplantation can contribute to higher rates of
tumor recurrence in HCC patients. Tumors are found
to grow at an accelerated rate since immunosuppres-
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Leukocytapheresis Is Effective in Inducing But Not in
Maintaining Remission in Ulcerative Colitis

Terasu Honma, MD, Kazuhito Sugimura, MD, Hitoshi Asakura, MD, Jun Maisuzawa, MD,
Kohji Suzuki, MD, Masaaki Kobayashi, MD, and Yutaka Aoyagi, MD

Goals and Background: Ulcerative colitis (UC) is a chronic
inflammatory bowel disease characterized by dense infiltration of
lymphocytes, plasma cells, neutrophils, and monocyte-macrophages
into the colonic mucosa. Leukocytapheresis is a procedure for
selectively removing white blood cells from withdrawn blood. It is
used for the treatment of several autoimmune diseases. This study
was performed to evaluate the effectiveness of leukocytapheresis for
inducing and maintaining remission in corticosteroid-resistant UC, as
compared with corticosteroid-responsive UC.

Study: Forty-five patients with active UC who were treated with
a dose of 1 mg/kg per day or more of prednisolone given systemically
for at least 2 weeks were evaluated. Twenty patients (6 males,

14 females) in whom improvement was induced only by high doses of -

prednisolone were allocated as the corticosteroid-responsive group.
The other 25 patients (11 males, 14 females) who did not respond to
the above-mentioned dose of prednisolone therapy were allocated as
the corticosteroid-resistant group and received leukocytapheresis
therapy once a week for 5 weeks. Of patients who had a remission, the
corticosteroid-responsive group continued to have the conventional
therapy and the corticosteroid-resistant group were given leukocy-
tapheresis once every 4 weeks for at least 2 years as maintenance
therapy.

Results: Remission was induced by 5 weeks of leukocytapheresis in
23 of the 25 (92%) patients with corticosteroid-resistant active UC.
The number of days required to achieve remission of UC was fewer in
patients who received leukocytapheresis than in those who did not.

Follow-up study of the patients who had remission showed similar

relapse rates at 2 years in the patients who received lcukocytaphercms
and those given high doses of prednisolone alone.

Conclusions: Leukocytapheresis is an effective treatment of acute
corticosteroid-resistant UC but does not prevent the recurrence
of UC.

Key Words: leukocytapheresis, maintenance, therapy, ulcerative
colitis
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lcerative colitis (UC) is a nonspecific inflammatory

disease that diffusely affects the mucosa of the colon and
rectum. Microscopically, active UC is characterized by marked
infiltration of the colorectal mucosa by leukocytes, including
lymphocytes, plasma cells, monocytes/macrophages, and
neutrophils. Inflammatory substances produced by these
leukocytes, such as proinflammatory cytokines, free radicals,
leukotrienes, and platelet activating factor, are thought to
damage the colorectal mucosa in UC.' Many kinds of drugs,
including 5-aminosalicylic acid (5-ASA), sulfasalazine, cor-
ticosteroid hormones, and immunosuppressive agents, are
used to treat UC, and most are effective for inducing remission
and preventing relapse.® However, lack of an adequate
response to steroid treatment remains an important problem.®
Recently, three techniques for leukocytapheresis, leukocyte
apheresis with a leukocyte removal filter (Cellsorba EX, Asahi
Medical Co, Ltd, Tokyo, Japan), centrifugal leukocyte
apheresis (Multi Component System, Haemonetics Co.,
Braintree, MA), and granulocyte and monocyte absorption
apheresis (Adacolumn, Japan Immunoresearch Laboratories,
Takasaki, Japan), are used in Japan to treat moderate to severe
and corticosteroid-resistant UC. Several studies have evaluated
the efficacy of leukocytapheresis for the treatment of active
UC.™'® To our knowledge, however, no study has reported
whether leukocytapheresis is ‘effective for the maintenance
therapy for UC. This case-control study was designed to assess
the effectiveness of leukocytapheresis in inducing and in
maintaining remission in steroid-resistant UC compared with
steroid-responsive UC in which remission was induced only
by high doses of prednisolone.

MATERIALS AND METHODS

All patients in this study were admitted to Niigata
University Hospital between 1995 and 2000 and gave in-
formed consent for the study before therapy. Forty-five
patients with active UC who were treated with a dose of
1 mg/kg or more per day of prednisolone given systemically for
at least 2 weeks were evaluated. Twenty patients (6 males,
14 females) showing a clinical improvement in response to
high doses of prednisolone continued to be given prednisolone
systemically and were allocated as the corticosteroid-responsive
group. The other 25 patients (11 males, 14 females) who did
not respond to the above-mentioned dose of prednisolone ther-
apy were allocated as the corticosteroid-resistant group and re-
ceived leukocytapheresis therapy besides prednisolone. Most
of the patients in both groups concurrently received 5-ASA
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or sulfasalazine. Any other drugs, such as immunosuppres-
sants or antimetabolites, were contraindicated by the protocol.
UC was diagnosed on the basis of clinical, endoscopic, and
histopathologic findings. All patients had active UC (24 total
colitis and 21 left-sided colitis). Clinical disease activity was
moderate to severe according to Truelove and Witts’ disease
severity index.!! The average dose of prednisolone in the month
before study entry ranged from 404 to 1468 mg. The clinical
features of the subjects, mean daily dose of prednisolone
at baseline, and total cumulative dose of prednisolone given
during the month before the study are shown in Table 1.

Patients with corticosteroid-resistant UC received one of
two kinds of leukocytapheresis: the first 11 patients received
leukocytapheresis with a leukocyte removal filter (LCAP),
starting in 1995, and the next 14 patients received centrifugal
leukocytapheresis, starting in 1997. LCAP was performed
with a Plasauto apheresis unit equipped with a Cellsorba
leukocyte removal filter (Cellsorba EX, Asahi Medical Co,
Ltd). Extracorporeal removal of peripheral leukocytes by
LCAP is effected by adherence of leukocytes to the polyester
non-woven fabric in the filter. Blood (3000 mL) was processed
at a blood flow rate of 50 mI/min. Centrifugal leukocytaphe-
resis was performed using a centrifugal separation apparatus
(Multi Component System, Haemonetics Co). At each session,
leukocyte-rich fractions of the buffy coat layers were
extracorporeally removed from 2000 to 2400 mL of patients’
peripheral blood, obtained via a cubital vein. Each patient
received one session of apheresis per week for 5 consecutive
weeks for the treatment of active UC.

The subjects of this study were broadly divided into 1)
patients who received induction therapy and 2) patients who
received maintenance therapy. Induction therapy with pred-
nisolone therapy alone was given to 20 steroid-responsive

‘patients (conventional therapy group), and 12 of 20 who had

remission received the conventional maintenance therapy.
Induction therapy with LCAP leukocytapheresis or with
centrifugal leukocytapheresis was done in 11 patients and

TABLE 1. Characteristics of the Patients With Refractory
Ulcerative Colitis

Conventional LCAP Centrifugal

No. 20 11 14
6:14 5:6 6:8

33.0 = 16.6 379 £ 152 295 + 96

502 + 60.3 684 £ 557 369 * 50.1

Male:female
Mean age (yr)
Disease duration (mo)
Disease extent
(lefi-sided:entire) 9:11 5:6 7.7
Inflammatory type
(nonpseudopolyposis:

pseudopolyposis) 8:12 4:7 7:7
Severity (severe:moderate) 7:13 3:8 5:11
Preceding administration

of PSL (mg/mo) 404 + 538 1325 *+ 625 1468 * 1426
PSL doses at base

line (mg/kg) 12 %06 1206 1305
Remission rate

(after 5 wk) 420 (20%)  10/11 (90.9%) 13/14 (92.8%)

14 patients in corticosteroid-resistant group, respectively.
Twenty-three patients who had remission in response to either
method of lenkocytapheresis subsequently received leukocy-
tapheresis once every 4 weeks as maintenance therapy. The
patients were followed up for at least 2 years. Relapse rates
were calculated and compared with those in the 12 patients in
whom remission was induced only by treatment with high
doses of prednisolone. The dosage of 5-ASA or sulfasalazine
was not modified during the study in patients without side
effects. To minimize the risk of steroid-related side effects, the
dose of prednisolone during remission after leukocytapheresis
or treatment with prednisolone alone could be gradually
reduced in accordance with the status of UC during main-
tenance therapy.

The endpoint of this study was defined as the time of
relapse of UC. Remission and clinical improvement were
assessed on the basis of the following symptoms, evaluated
according to Lichtiger’s score: diarrhea, nocturnal diarrhea,
visible blood in stools, fecal incontinence, abdominal pain,
general well-being, abdominal tenderness, and need for
antidiarrheal drugs.'” Remission was defined as less than 4
bowel movements daily, no nocturnal diarrhea, no visible
blood in stools for 3 days or longer, no fecal incontinence, no
abdominal pain, excellent or very good general well-being,
and no abdominal tenderness. Improvement was defined as
clinical improvement in many clinical symptoms within 5 days
after intensive treatment with prednisolone.!® Relapse was
defined as the presence of visible blood in stools for 3 or more
consecutive days or the need for additional treatment to control
symptoms. No patient was lost to follow-up.

The clinical features of the subjects are shown in Table 2.
The dose of prednisolone at relapse and the average cumulative
dose of prednisolone given per month from remission until
study endpoint were assessed for each patient in each group.

Statistical analysis was done with the use of log-rank
tests and the Kaplan-Meier method. The results for prednis-
olone are presented as mean = SD. Comparisons were made
using unpaired Student ¢ tests. P values of less than 0.05 were
considered to indicate statistical significance.

RESULTS
Leukocytapheresis procedures were well tolerated by all
patients. During active-stage therapy, clinical remission was
achieved within 5 weeks in 10 of 11 patients by LCAP and in
13 of 14 patients by the centrifugal leukocytapheresis. Total
remission rates after 5 sessions of leukocytapheresis were

TABLE 2. Characteristics of Patients With Refractory
Ulcerative Colitis Who Received Maintenance Therapy

Conventional LCAP Centrifugal

No. 12 10 13
Age (yr) 26.0 + 12.0 339 % 14,6 285 * 9.09
Severity (severe:moderate) 4:8 3.7 4.9
Disease extent (left-sided:entire) 4:8 4:6 7:6
Inflammatory type

(nonpseudopolyposis:

pseudopolyposis) 57 4:6 7:6
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92%. The time to remission after initial treatment was shorter
in the leukocytapheresis group than in the prednisolone alone
therapy group, in which 12 of the 20 patients had remission; 8
of the 12 patients had remission within 80 days and the other 4
after 80 days (Fig. 1). The period from the first procedure to
the absence of blood in stools negatively correlated with the
dose of prednisolone received at baseline (Fig. 2). However,
follow-up study showed that patients in remission gradually
had relapse during maintenance therapy in the leukocytaphe-
resis group as well as in the prednisolone alone group (Fig. 3).
Relapse rates in the groups became similar at 2 years. The dose
of prednisolone received at the time of relapse was higher in
the leukocytapheresis group than in the prednisolone alone
group (Fig. 4). However, the average cumulative dose of
prednisolone per patient for each month from remission until
study endpoint was lower in the steroid-refractory patients who
received leukocytapheresis for maintenance therapy than in the
steroid-responsive patients (Fig. 5). Most patients with early
relapse had diffuse and deep ulcers (pseudopolyposis). There
were no serious side effects in this trial. Headache occurred
during leukocytapheresis in 2 patients, and a fever of 38°C
persisted for 1 day in 1 patient.

DISCUSSION

Leukocytapheresis has been used to treat autoimmune
diseases such as multiple sclerosis, dermatomyositis, rheuma-
toid arthritis, and Crohn’s disease.’*'¢ Most patients with
active UC respond to conventional treatment with 5-ASA,
sulfasalazine, and corticosteroids. Nonetheless, some patients
with UC are resistant to corticosteroid treatment, whereas
others are steroid dependent and have relapse when the dose is
reduced.!” Such patients usually require immunosuppressive
drugs, such as azathioprine, cyclosporine, 6-mercaptopurine,
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FIGURE 1. Induction rates of remission in active UC patients
receiving prednisolone alone therapy, LCAP and centrifugal
leukocyte apheresis.
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or methotrexate.® However, immunosuppressive therapy can
cause serious side effects, including agranulocytosis, alopecia,
and pancreatitis. More effective treatments capable of curing
corticosteroid-resistant UC without serious complications,
thereby eliminating the need for surgery, are needed. Recently,
improved techniques for leukocytapheresis, producing remis-
sion rates of 60% to 80% even in patients with corticosteroid-
resistant active UC, have become available in Japan. Our
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FIGURE 3. Kaplan-Meier of relapses during the follow-up
period in patients induced into remission. Endpoint is defined
as the time when patients had a relapse.
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FIGURE 4. Doses of prednisolone taken at relapse in patients
treated with leukocytapheresis and in those with prednisolone
alone.
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results of leukocytapheresis treatment of active UC are
consistent with those of previous reports.”° To date, serious
complications have not been reported.

Many studies have suggested that UC may be caused by
an imbalance between proinflammatory and immunosuppres-
sive cytokines or between helper T lymphocytes and re-
gulatory T lymphocytes (or both).'®2° Medical treatments for
inflammatory bowel diseases are thought to modulate such
immunologic imbalances, eg, anti-tumor necrosis factor (TNF)
monoclonal antibody against TNF-a, and interleukin (IL)-10
as an immunosuppressive cytokine.*'** Leukocytapheresis is
considered an immunomodulatory treatment that deletes
activated helper T lymphocytes responsible for the pathogen-
esis of UC or mobilizes new lymphocytes from bone marrow.
Lymphocytes in peripheral blood markedly decrease on the
day after leukocytapheresis and return to the baseline level in
several days (personal communication).
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FIGURE 5. Average doses of accumulated prednisolone given
for each month from the remission until the endpoint in the
leukocytapheresis group and in the prednisolone alone group.

4

The effectiveness of lymphocytapheresis for Crohn’s
disease remains controversial. Several uncontrolled trials
reported that lymphocytapheresis improves the clinical course
of patients with Crohn’s disease unresponsive to conventional
treatment. However, Lerebours et al reported that lymphocy-
tapheresis slightly decreases the incidence of corticosteroid
dependence but does not prevent early relapse.'® Our study
also showed that maintenance therapy with leukocytapheresis
once every 4 weeks did not prevent relapse of UC and did not
alter the short-term natural history of UC. One study has
reported that granulocyte and monocyte absorptive apheresis
is useful for maintenance therapy in patients with UC.?* How-
ever, most patients in that study were receiving 6-mercaptopurine
for maintenance therapy and were corticosteroid-naive patients.
As the patients in our study were not received immunosup-
pressants or antimetabolites as 6-mercaptopurine, this incon-
sistency might imply the usefulness of 6-mercaptopurine for
the maintenance therapy for UC.

In UC, bacterial flora in the intestinal canal can activate
helper T lymphocytes in the colonic mucosa and ileal pouch
after proctocolectomy and ileoanal anastomosis, eventually
leading to relapse and pouchitis.**** Therefore, leukocytaphe-
resis may be useful for inducing remission of active UC
without serious complications, but not for long-term mainte-
nance therapy. The reason why the period from the first
procedure to remission negatively correlated with the daily
dose of prednisolone at baseline is unknown. The combination
of leukocytapheresis with prednisolone may easily induce
apoptosis of white blood cells because Fas-ligand-positive
CD4 T cells in the colonic mucosa are increased in UC.25%
Further study should be done to clarify the reasons why
leukocytapheresis is effective for the treatment of active UC,
but not as maintenance therapy (albeit this conclusion remains
tentative and must be verified in future studies). We think that
leukocytapheresis may be a way to avoid or to delay surgery in
some of the patients with steroid-refractory UC.
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Protection against malaria by anti-erythropoietin antibody due to

suppression of erythropoiesis in the liver and at other sites
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Summary We have previously reported that erythropoiesis commences in the liver and spleen after malarial
infection, and that newly generated erythrocytes in the liver are essential for infection of malarial parasites as well
as continuation of infection. At this time, erythropoietin (EPO) is elevated in the serum. Tn the present study, we
administered EPO or anti-EPO antibody into C57BL/6 (B6) mice to modulate the serum level of EPO. When mice
were infected with a non-lethal strain (17NXL) of Plasmodium yoelii (blood-stage infection of 10* parasitized
erythrocytes per mouse), parasitemia continued for 1 month, showing a peak at day 17, Daily injection of EPO
(200 IU/day per mouse) from day five to day 14 prolonged parasitemia, whereas injection of anti-EPO antibody
(1.5 mg/day per mouse) every second day from day five to day 28 decreased it. Erythropoiesis was confirmed in the
liver, spleen and bone marrow by the appearance of nucleated erythrocytes (TER119+). When anti-EPO antibody
was ‘injected by the same protocol into mice infected with a lethal strain (17XL) of P. yoelii, all mice showed
decreased parasiternia and recovered from the infection. These results suggest that the use of anti-EPO antibody

after malarial infection may be of therapeutic value in severe cases of malaria.

Key words: antibody, anti-erythropoietin, erythropoietin, liver, malaria, parasitemia.

Introduction

In a series of recent studies, ' we observed that erythropoiesis
commences in the liver and spleen of mice infected with
malaria and that newly generated erythrocytes in the liver
become good targets for malarial parasite infection. Nucle-
ated erythrocytes (reticulocytes), rather than mature denucle-
ated erythrocytes (conventional erythrocytes) become the
target of malarial parasites. Indeed, when mice were irradi-
ated (6 Gy) to suppress erythropoiesis in the liver, they
showed a low level of parasitemia.® In other words, the
potential of erythropoiesis in the liver is a key factor for
continuation of malarial infection. At this time, erythropoietin
(EPO) increased in the sera of these mice.

In light of these findings, in the present study we modu-
lated the serum level of EPO by the administration of EPO
(upregulation) or anti-EPO antibody (downregulation). Because
irradiation decreases the level of immunity, we administered
anti-EPO antibody to suppress erythropoiesis. Depending on
the magnitude of erythropoiesis in the liver and at other sites,
the level of malarial infection increased or decreased. Taken
together with our previous findings that erythropoiesis in
the liver is essential for continuation of malarial infection,?
the decreased erythropoiesis in the liver by the administration
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of anti-EPO antibody seems to have a potential use in the
clinical therapy of malaria.

Materials and methods
Mice and parasites

Eight-week-old C57BL/6 (B6) mice were used. The mice were
maintained at the animal facility of Niigata University (Niigata,
Japan) under specific pathogen-free conditions. Plasmodium
yoelii 1TNXL (non-lethal strain) and P. yoelii 17XL (lethal
strain), generous gifts from Dr S. Waki (Gunma Prefectural
College of Health Science, Maebashi, Japan), were used. Parasites
were maintained by routine in vivo passages in bone marrow
cells.® Mice were infected by an i.p. injection of 10 parasitized
erythrocytes per mouse. Parasitemia in the blood was observed by
Giemsa staining every 3 days, and mice were killed at the
indicated days after infection. Lymphocytes were obtained from
the liver, spleen and bone marrow. All experimental procedures
were approved by the Committee on Animal Research of Niigata
University.

Cell preparation

Hepatic mononuclear cells were isolated by a previously described
method.? Briefly, the liver was removed, pressed through a 200-gauge
stainless steel mesh, and suspended in Eagle’s MEM (Nissui Pharma-
ceutical, Tokyo, Japan) supplemented with 5 mmol/L HEPES and 2%
heat-inactivated newbomn calf serum. After being washed once with
medium, cells were fractionated by centrifugation in 15 mL of 35%
Percoll solution (Amersham Pharmacia Biotech, Piscataway, NJ,
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USA) for 15 min at 440 g. The pellet was resuspended in erythrocyte
lysing solution (155 mmoV/L NH,CI, 10 mmol/L. KHCO;, 1 mmol/L
EDTA-Na and 170 mmol/L Tris, pH 7.3). Splenocytes and bone
marrow were obtained by forcing the spleen and bone marrow
through stainless steel mesh. Splenocytes and bone marrow cells
were used after mature erythrocyte lysing.

Immunofluorescence tests

Surface phenotypes were identified by immunofluorescence tests.?
FITC-, phycoeryihrin (PE)- or biotin-conjugated reagents of mAbs
were used and biotin-conjugated reagents were developed with
tricolor-conjugated streptavidin (Caltag Laboratory, San Francisco,
CA, USA). The mAbs were anti-CD3 (145-2C11) and anti-erythrocyte
(TER119) (BD PharMingen, San Diego, CA, USA). Cells were
analysed by FACScan (BD Biosciences, Mountain View, CA, USA).
To prevent non-specific binding of mAbs, CD16/32 (2.4G2; BD
PharMingen) was added before staining with labelled mAb.

Erythropoietin

Recombinant EPO and anti-EPO antibody were kindly provided by
Chugai Pharmaceutical (Tokyo, Japan)? Anti-EPO antibody was
polyclonal rabbit antibody against human EPO; I mg anti-EPO
antibody can neutralize approximately 10* IU EPO in both humans
and rodents. EPO (200 IU/day per mouse) was injected 1.p. from day
five to day 14 after malarial infection, whereas anti-EPO antibody
(1.5 mg/day per mouse) was injected i.p. every second day from day
five to day 28. Serum titres of EPO (mU/mL) were measured by
radio-immunoassay (SRL, Tokyo, Japan).

Results

Ten thousand parasitized erythrocytes (non-lethal strain
17NXL of P. yoelii) were injected i.p. into C57BL/6 (B6)
mice and parasitemia was enumerated in the peripheral blood
(Fig. 1a). Parasitemia appeared at day five to day seven and
continued up to day 27, showing a peak at day 17. The serum
level of EPO increased gradually and reached a plateau at day
seven (Fig. 1b). Subsequently, the haematocrit (%) gradually
decreased from 50 to less than 30%. Nucleated cells were
then isolated from the liver, spleen and bone marrow, and
surface markers were analysed by immunofluorescence tests
(Fig. 1¢). Non-nucleated erythrocytes (conventional red
blood cells) were ruptured by a lysing buffer. Two-colour
staining for TER119 (erythrocyte marker) and CD3 (T-cell
marker) was conducted. Nucleated erythrocytes were identi-
fied in the liver and spleen beginning at day 14 after
infection (indicated by arrows). In the case of the bone
marrow, nucleated erythrocytes were detected before malar-
ial infection, but this proportion increased after infection
(from day seven).

To modulate the serum level of EPO, either EPO or anti-
EPO antibody was injected into malaria-infected mice (a non-
lethal strain) (Fig. 2a,b). EPO (200 IU/day per mouse) was
injected i.p. daily from day five to day 14 after malarial
infection, whereas anti-EPO antibody (1.5 mg/day per mouse)
was injected i.p. every second day from day five to day 28.
The administration of EPO was found to prolong parasitemia,
whereas that of anti-EPO antibody decreased parasitemia.
The serum titre of EPO and haematocrit (%) were then
measured (Fig. 2b,c). The titre of EPO increased with the

administration of EPO (beyond 1000 mU/mL), but that of
EPO decreased with the injection of anti-EPO antibody
(undetectable or less than 200 mU/mL). The decrease in
haematocrit was found to be suppressed by anti-EPO anti-
body. The appearance of nucleated erythrocytes was aug-
mented by EPO but suppressed (indicated by arrows) by
anti-EPO antibody (Fig. 2e). An immunofluorescence test
was conducted at day 14. In Figure 2e, the control data were
derived from mice without malarial infection.

- In a final part of our experiments, we used mice infected
with a lethal strain (104 parasitized erythrocytes per mouse) of
P. yoelii (17XL) (Fig. 3). All mice infected with the lethal
strain died by day 10. However, when mice were injected
every second day with anti-EPO antibody from day five to
day 28, parasitemia decreased and the mice recovered from
the infection.

Discussion

In this study, we demonstrated that the serum levels of EPO
determine the severity of malarial infection in mice. To
modulate the level of EPO in sera, we used EPO and anti-
EPO antibody. In mice injected with EPO, parasitemia
increased, whereas in those injected with anti-EPO antibody,
parasitemia decreased. The most striking evidence was that
mice administered with anti-EPO antibody survived infection
with even the lethal strains, showing only a low level of
parasitemia during the infection. Malaria-induced anaemia
augments erythropoiesis and generated, nucleated erythro-
cytes become good targets for malaria parasites. In contrast,
the suppression of erythropoiesis by anti-EPO antibody has a
potential to stop this blood-stage infection. We emphasize
that anti-EPO antibody was effective on not only the non-
lethal strain but also the lethal strain of the parasite.

There have been several reports in which immature
erythrocytes were found to be better targets for malarial
parasites than mature erythrocytes.”® Our previous™? and
present data support these findings. In the case of human
malaria, CD36 antigens (sequestrin) on erythrocytes are
known to mediate adherence and subsequent infection of
Plasmodium falciparum.'!! These CD36 antigens are
expressed on immature erythrocytes. Therefore, newly gen-
erated erythrocytes may be important in human malarial
infection as well as in rodent malaria. Appling these find-
ings, we were able to achieve protection against malaria by
treatment with the anti-EPO antibody. Although the anti-
body suppressed erythropoiesis in the liver and at other
sites, the level of mature erythrocytes was partially influ-
enced by this treatment. During a 2 week treatment with the
anti-EPO antibody, the haematocrit fell to as low as 30%
(from 45%). The anaemia induced by the antibody was not
serious in mice; in contrast, malaria-induced anaemia was
serious because both immature and mature erythrocytes
were affected.!?

The present results remind us of previous data indicating
that a major factor involved in malarial protection might be
innate immunity mediated by extrathymic T cells in the liver
(TCRint cells).'-3-15 Nucleated erythrocytes infected with
malarial parasites still express MHC antigens on their cell
surface.? Certain autoantigens or malarial antigens inserted
into MHC might be recognized by TCRint on extrathymic
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Figure 1 Time-kinetics of para-
meters after the injection of the
non-lethal strain (17NXL) of Plas-
modium yoelii. (a) Parasitemia
(%); (b) serum level of erythro-
poietin (EPO; @) and haematocrit
(&); and (c) induction of erythro-
poiesis in the liver, spleen and
bone marrow of mice. Mice were
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T cells, and such interaction would induce innate immunity.
In any case, decreased production of nucleated erythrocytes in
the liver and at other sites influences subsequent malarial
infection. The use of anti~EPO antibody after malarial infec-
tion may be of therapeutic value in severe cases of malaria.
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Figure 2 Modulation of malarial infection by the administration of erythropoietin (EPO) or anti-EPO antibody. (a,b) Parasitemia; (c,d)
serum level of EPO (@) and haematocrit (B); and (e) erythropoiesis. Mice were infected with a non-lethal strain of Plasmodium yoelii.
These mice were injected with either EPO or anti-EPO antibody. The mean and one SD were produced from four separate experiments in
(a~d). In (e), representative results of four experiments are shown. Numbers in this figure indicate the percentages of fluorescence-positive
cells in corresponding areas. Erythropoiesis is indicated by arrows. (a) O, 17NXL only; @, 17NXL +EPO. (b) O, 17NXL only; @,

17NXL + anti-EPO.

Note added in proof

After completion of this paper, we encountered the article by
Chang et al. (2004). The conclusion of that paper is quite
similar to the conclusion of our paper; namely, that anti-EPO
antibody reduced parasitemia in mice infected with malaria,
raising the possibility of its clinical therapeutic value for
malaria patients. However, in some respects, our experimental
results extended those of Chang et al.’s paper. For example,

we also used a lethal strain of mouse malaria in B6 mice, and
we revealed that treatment with anti-EPO antibody modulated
the erythropoiesis in the liver where malarial parasites
invaded into newly generated erythrocytes.

Chang KH, Tam M, Stevenson MM. Modulation of the
course and outcome of blood-stage malaria by erythropoietin-
induced reticulocytosis. J. Infect. Dis. 2004; 189: 735-43.
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Figure 3

Parasitemia (%)
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Protection against a lethal strain of Plasmodium yoelii.

Mice were infected with the lethal strain (17XL) of P. yoelii.
These mice were also administered every second day with anti-
EPO antibody (1.5 mg/day per mouse) from day five to day 28.
The mean and one SD were produced from four separate experi-
ments. O, 17XL only; @, 17XL + anti-EPO antibody. Death is
indicated by the 1 symbol.
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