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Abstract We report a case of Henoch-Schonlein purpura
nephritis (HSPN) with acquired IgA deficiency due to
parvovirus B19 infection. The patient was diagnosed as
having Henoch-Schonlein purpura (HSP) at 6 years old,
and subsequently developed macrohematuria and massive
proteinuria of 7.4 g/day with decreased creatinine clearance
of 70.2 ml/min/1.73 m” and significantly elevated serum
IgA level of 449 mg/dl. The first kidney biopsy yielded the
diagnosis of severe HSPN. After the initiation of the
immunosuppressive therapy, the patient was infected with
parvovirus B19 and developed virus-associated hemopha-
gocytic syndrome (VAHS). Thereafter, the serum level of
IgA selectively decreased and remained undetectable until
the present time. Repeated kidney biopsies performed over
a period of 14 years revealed a remarkable histological
improvement in association with stabilization of the
patient's kidney function. Considering the severity of initial
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kidney injury, persistent acquired IgA deficiency was likely
to add favorable effects to the immunosuppressive therapy
in this patient with HSPN.
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Introduction

Henoch-Schénlein purpura (HSP) is a generalized vasculitis
characterized by cutaneous purpura, abdominal pain,
arthritis, gastrointestinal bleeding, and nephritis [1]. Progno-
sis of most of the patients with Henoch-Schénlein purpura
nephritis (HSPN) is relatively benign, but particularly those
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patients manifesting heavy proteinuria, rapidly progressive
glomerulonephritis, or severely impaired glomerular struc-
ture with more than 75% of crescents have poor prognosis
[1]. In addition, about half of the patients with HSPN grade
V progress to end-stage kidney disease [1]. In this paper, we
describe a case in which the initial severe kidney injury due
to HSPN remarkably improved after acquired IgA deficiency
with a long-term observation. This case may reinforce the
importance of IgA antibody in the development and
exacerbation of HSPN.

Case report

In October of 1993, a 6-year-old Japanese girl developed
erythematous purpura on her legs, abdominal pain, and
arthralgia. In April of 1994, after her 7th birthday, she was
admitted to Juntendo University Hospital because of the
development of massive proteinuria with macrohematuria.
Upon admission, her blood pressure was 118/60 mmHg, and
her body examinations were almost normal. Laboratory data
showed serum creatinine concentration (SCr) of 0.8 mg/dl
(70.7 pumol/l), creatinine clearance of 70.2 ml/min/1.73 m?,
significantly elevated serum IgA level of 449 mg/dl (age-
related reference, 33-236 mg/dl), serum albumin of 3.8 g/dl,
and proteinuria of 7.4 g/day. Serum test for antistreptolysin
0, antistreptokinase, rheumatoid factor (RF), and antinuclear
antibody (ANA) were negative, and serum complement level

Fig. 1 Repeated kidney biop-
sies showed significant histo-
logical improvement through a
period of 14 years. a The first
biopsy revealed necrotizing
crescentic glomerulonephritis
with advanced glomerulosclerosis
and severe tubulointerstitial
nephritis (hematoxylin-eosin
staining; original magnification x
40). b The second biopsy
revealed focal glomerulosclerosis
without any crescent
(methenamine silver staining;
original magnificationx40). ¢
The third biopsy showed further
improvement with focal
glomerular obsolescence
(methenamine silver staining;
original magnification x40).

d The fourth biopsy revealed
minor glomerular abnormalities
(methenamine silver staining;
original magnification x40)

@ Springer

was slightly elevated. To investigate the cause of glomeru-
lonephritis, the first open kidney biopsy was undertaken.

The kidney specimens revealed necrotizing crescentic
glomerulonephritis (NCGN) with advanced glomeruloscle-
rosis and severe tubulointerstitial fibrosis (Fig. 1a), which
was compatible with HSPN grade V according to the
criteria of International Study of Kidney Disease in
Children (ISKDC) [2]. Diffuse global sclerosis was found
in 36 of 49 glomeruli, and the rest of glomeruli showed
segmental sclerosis and/or mesangial proliferation. Cellular
crescents were found in nearly all the glomeruli, while
fibrous or fibrocellular crescents were not found [normal
glomeruli, 0/49 (0%)]. Tubulointerstitial inflammation and
fibrosis were very severe. Although immunofluorescence
(IF) and electron microscopic examination were not
performed, we diagnosed HSPN with clinical and histolog-
ical findings, and started immunosuppressive therapy
including prednisolone (PSL), azathioprine (AZP), warfa-
rin, and dipyridamole.

During this treatment, the patient presented rush on each
cheek followed by rapid expansion to trunk and extremities,
and infectious erythema caused by parvovirus B19 was
suspected clinically. A few days later, she also developed a
high fever with agranulocytosis, mild anemia, and severe
hypertriglyceridemia. Bone-marrow specimen showed
hemophagocytosis. These histories were compatible with
virus-associated hemophagocytic syndrome (VAHS) due to
parvovirus B19 infection [3].
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When she suffered from VAHS, she had transient serum
IgM elevation to 396 mg/dl (age-related reference, 43-207
mg/dl). However, after she eventually recovered from
VAHS, serum IgA declined to an undetectable range while
serum IgM was normalized. Then, her kidney function was
gradually normalized after 6 months of treatment, and
complete remission of proteinuria was achieved after
another 6 months (1995, March).

However, in July of 1996, when she was 9 years old,
proteinuria increased to 0.64 g/day. Her SCr was 0.4 mg/dl
(35.4 pmol/1) and serum IgA was less than 7 mg/dl
(undetectable). The second open-kidney biopsy was per-
formed at Tokyo Metropolitan Kiyose Children’s Hospital
to determine the management of HSPN. It revealed a
significant reduction in the proportion of sclerotic lesions
without any crescents (Fig. 1b). The kidney tissue
contained 120 glomeruli, 47 of which were globally
sclerosed. Five glomeruli showed segmental sclerosis,
however, the remaining 68 glomeruli were almost normal
[normal glomeruli, 68/120 (56%)]. Then, the therapy with
angiotensin-converting enzyme inhibitor was started, and
proteinuria gradually decreased to less than the normal limit
(1998, April).

In August 2001, the third needle kidney biopsy, performed
at 13 years old for the relapse of slight proteinuria with
hematuria, showed further histological improvement
(Fig. 1¢). A total of 23 glomeruli were obtained, and only
two of which were globally sclerosed. The other glomeruli
were almost normal and no crescents were seen [normal
glomeruli, 21/23 (91%)]. At this time, her SCr was 0.7 mg/dl
(61.9 pumol/l), proteinuria was 0.36 g/day, and serum IgA
was less than 3.5 mg/dl (undetectable).

In 2008, at 21 years old, she was admitted to The
University of Tokyo Hospital for kidney biopsy, which
was indicated to examine her risks of future pregnancy.
Physical examinations were normal except for her swollen
tonsils. Her blood pressure remained normal, SCr was 0.8
mg/dl (70.7 pumol/l), estimated glomerular filtration rate
was 94.2 ml/min/1.73 m?, and proteinuria was 0.29 g/day.
Serum IgA was still less than 10 mg/dl (undetectable).
Serum test for RF, ANA, antineutrophil cytoplasmic
antibodies (ANCA), and cryoglobulin were all negative.
The fourth needle kidney biopsy, containing of 13
glomeruli, revealed minor glomerular abnormalities with
compensatory glomerular and tubular hypertrophy, which
were compatible with chronic inactive phase of NCGN
(Fig. 1d). There were no sclerotic glomerular lesions or
crescents [normal glomeruli, 13/13 (100%)]. In the
second, third, and fourth kidney biopsies, IF examination
was negative for IgA staining and electron microscopy
revealed no electron dense deposit. These histological
improvements seemed to correlate well with the patient's
kidney function.

Discussion

Acquired IgA deficiency is rare, but parvovirus B19 infec-
tions are known to lead to acquired immunodeficiency
associated with hemophagocytic syndrome [3]. Gleeson et
al. reported a rare case of persistent acquired IgA deficiency
after respiratory infection probably due to Epstein—Barr virus
(EBV) [4]. The authors found a transient elevation in saliva
IgM preceding the onset of IgA deficiency, and a similar
trend was also observed in the serum samples of our patient.
This phenomenon suggested that a viral infection and/or
subsequent VAHS affected B lymphocytes and prevented
class switch recombination from the IgM class to IgA.

Because of some technical reasons, IF examinations
including IgA antibody were not performed at the first
biopsy. However, a combination of clinical manifestations,
high serum IgA level, and subsequent development of
NCGN supported the diagnosis of HSPN. Other kidney
diseases, such as lupus nephritis and post-infectious
glomerulonephritis, which could present multiple organ
involvement including NCGN with nephrotic-range pro-
teinuria and macrohematuria, were all excluded clinically,
serologically, or histologically. Considering the histological
findings, the cause of ongoing slight proteinuria after IgA
deficiency might be subsequent glomerular hyperfiltration.

Previously, Iijima et al. demonstrated the efficacy of
multiple combined therapy with PSL, cyclophosphamide,
heparin/warfarin, and dipyridamole in severe HSPN of
ISKDC grade IV or V [5]. Although histological grade was
significantly improved after the combined therapy, patients
achieved grade III at best in that study. The multiple
combined therapy with PSL, AZP, heparin/warfarin, and
dipyridamole was also reported to be effective in childhood
IgA nephropathy (IgAN), which is now regarded as a
related disease to HSPN, but the percentage of glomeruli
showing sclerosis was unchanged [6]. We cannot exclude
the possibility that the inevitable sampling variations
among repeated kidney biopsies might have somehow
overestimated the histological improvement in the present
case. Nevertheless, these considerations strongly suggest
that the immunosuppressive therapy alone was unlikely to
be responsible for the excellent clinical course. It is rather
tempting to speculate that acquired IgA deficiency caused
either by infectious erythema or VAHS might work quite
favorably on the present case.

The resolution of IgAN is sometimes associated with the
vanishment of IgA deposition from glomerular regions [7].
Lamm et al. reported that the systemically administered IgA
protease was able to remove glomerular IgA immune
complexes in a mouse model of IgAN [8]. Future studies
are required to determine whether such a therapy aiming to
remove glomerular IgA immune complexes is effective for
human IgA-related diseases.
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Association Between Capacity of Interferon-o. Production
and Metabolic Parameters
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A prompt and regulated interferon (IFN) system is critical for host defense against infectious pathogens. Although
increased susceptibility to infection has been observed in subjects with diabetes or obesity, little is known about
the relationship between metabolic disorders and increased susceptibility to infection. In order to evaluate the
association between immune function and metabolic parameters, we examined the relationship between capac-
ity of IFN-a production and metabolic parameters including fasting plasma glucose (FPG), lipids, uric acid, body
mass index (BMI), and blood pressure in 575 healthy subjects. Linear regression analysis showed that log(IFN-a
production) was positively correlated with log(triglyceride) (r = 0.088, P = 0.03) and uric acid (r = 0.091, P = 0.03),
and negatively correlated with age (r = —0.158, P = 0.0001) and FPG (r = —0.088, P = 0.03). Multiple regression
analysis showed that log(IFN-a production) was independently determined by age (B = —0.148, P < 0.0001), sex
(B = —0.240, P = 0.0003), and FPG (B = —0.096, P = 0.0209), suggesting that lesser degrees of hyperglycemia also
affect [IFN-a production. We conclude that hyperglycemia but not BMI, hypertension, or hyperlipidemia may be
associated with decreased capacity of IFN-a production and glycemic control is critical even for both subjects

without any medication for diabetes and subjects under the diagnosis of diabetes on infectious diseases.

Introduction

IT IS WIDELY KNOWN that individuals with diabetes mellitus
are at higher risk for infections than those without dia-
betes mellitus. A higher prevalence of bacteriuria has been
observed in subjects with diabetes compared with normal
women (19% versus 8%) (Vejlsgaard 1966). In the last decade,
several epidemiological studies have found an association
between obesity and an increased incidence of periodon-
tal disease (Al-Zahrani and others 2003; Genco and others
2005; Saito and others 2005; Saito and others 1998). It was
reported that a higher body mass index (BMI) was signifi-
cantly related to a greater prevalence of periodontal disease
in Japanese healthy adults (Saito and others 2001). These
observations may suggest a relationship between metabolic
disorders and increased susceptibility to infection.
Interferon-a (IFN-a) is known to play an important role
in the initial defense mechanism against viral and micro-
bial diseases (Kirchner 1986). Indeed, functional immunity
can be monitored using in vitro tests, such as natural killer

cell activity and either proliferation responses or cytokine
induction in lymphoid cells following mitogen stimulation.
However, these measurements are found to reflect the func-
tion of natural killer cell or T cell (Biron and Brossay 2001;
Stone and others 2009). As an initial response to viral and
microbial infection, plasmacytoid dendritic cells (pDCs),
also called type I IEN-producing cells (IPCs), is known to be
central to the innate immune response of a host (Liu 2005).
PDCs produce enormous amounts of IFN-a, which indi-
rectly regulates the function of T cells and thus links innate
and adaptive immune responses (Asselin-Paturel and oth-
ers 2005; Fitzgerald-Bocarsly and Feng 2007). In fact, such
prompt and regulated IFN system is critical for host defense
against infectious pathogens. We therefore measured capac-
ity of IFN-a production to assess the immune status of the
host.

To further evaluate the association between immune
function and various metabolic parameters, we examined
the relationship between capacity of IFN-a production and

'Department of Endocrinology and Metabolism, *Department of Molecular Gastroenterology and Hepatology, Kyoto Prefectural
University of Medicine, Graduate School of Medical Science, Hirokoji, Kawaramachi dori, Kamikyo-ku, Kyoto, Japan.
Louis Pasteur Center for Medical Research, Sakyo-ku, Kyoto, Japan.
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fasting plasma glucose (FPG), lipids, uric acid, BMI, and
blood pressure.

Materials and Methods
Subjects

Medical records of 877 individuals aged 20-79 years old,
who participated in annual health examinations at 2 work-
places in Kyoto, Japan were obtained. The subject records
included data on the quantification of IFN-a production in
addition to routine laboratory tests. Data from the Louis
Pasteur Center for Medical Research (n = 699) were reviewed
from 1996 to 2004 records, and data from the Kyoto First Red
Cross Hospital (n = 178) were reviewed from 2005 records.

All subjects were studied in the morning after 8 h of
overnight fasting. Measurements were taken of FPG, lipid
profile, uric acid, and leukocyte count, which were included
in the routine laboratory blood test. BMI was calculated by
the patient’s weight (kilograms) divided by height (square
meters). Blood pressure was measured in the patient’s right
arm, with the subjects in a sitting position.

After exclusion of 66 subjects with missing samples, sub-
jects with acute infection (n = 17), chronic inflammatory
disease (rheumatoid arthritis n = 15, autoimmune diseases
n = 22, chronic hepatitis n = 71), and malignant tumors
(n = 9) were excluded. Those who received medication for
diabetes mellitus, hypertension, hyperlipidemia, or hyper-
uricemia (1 = 102) were also excluded. Finally, a total of 575
subjects were recruited into this study. We investigated the
relationships of IFN-a production to FPG, lipids, uric acid,
BM]I, and blood pressure. Approval for the study had been
provided by the Ethics Committee of Louis Pasteur Center
for Medical Research and Kyoto First Red Cross Hospital.
All participants gave written informed consent.

Measurement of IFN-« production in human
whole blood

Two milliliters of heparinized blood was cultured with
500 HA U/mL Sendai virus (HV]) within 5 h after the blood
was drawn. The blood-virus mixture was incubated at 37°C
for 20 h. Supernatants were harvested by centrifugation at
3,000 rpm for 10 min and stored at —80°C until titration.

TaBLE 1. CLINICAL CHARACTERISTICS OF THE SUBJECTS
Mean = SE
n 575
Age (years) 52004
IFN-a production (IU/mL) 72374 *+ 226.0
Systolic blood pressure (mmHg) 123.6 = 0.7
Diastolic blood pressure 75.6 + 0.4
(mmHg)
BMI (kg/m?) 22,6 £0.1
Fasting plasma glucose (mg/dL) 974 *09
Total cholesterol (mg/dL) 2075+ 1.5
Triglyceride (mg/dL) 121.0 + 4.1
HDL-cholesterol (mg/dL) 579 + 0.6
Uric acid (mg/dL) 5.2 = 0.05

BMI, body mass index; HDL, high-density lipoprotein;
IFN, interferon.

TOMINAGA ET AL.

IFN activity in the supernatants was assayed by suppres-
sion of viral cytopathic effects in FL cells (derived from
human amnion) by Sindbis virus (Kohase and others 1986).
Duplicate samples of standard reference IFN were serially
diluted by Eagles” MEM supplemented with 5% FCS in the
wells of flat-bottomed 96-well microtiter plates (Falcon 3072)
and irradiated with UV light (1,000 J/m?) for HV] inactiva-
tion. After UV treatment, HV] in the blood samples could not
affect the assay. FL cells (5 X 10*/well) were added following
incubation at 37°C for 18 h. Sindbis virus (10° PFU/50 uL/
well) suspended in Eagles” MEM supplemented with 1% FCS
was added to the FL cells after removal of the supernatant.
Sindbis virus and FL cells were cultured for another 30 h.
Neutral red dye (0.5%) was added 1 h before harvesting, and
the amount of dye incorporated into the cells was measured
in a spectrophotometer (Titertek Multiskan MCC/340) at 540
nm following extraction of dye with 0.1 M sodium phosphate
and 50% ethanol solution. The results were standardized to
reference IFN-a MRC 69/19B. For the characterization of IFN
type, some samples were neutralized by anti-human IFN-a
horse IgG (Nippon Chemical Co. Ltd., Hyougo) as described
previously (Shirono and others 1990; Kuo and others 1991).

Statistical analysis

The statistical analysis was mainly performed by para-
metric tests. Thus, several variables with asymmetric distri-
bution to the right were logarithmically transformed (base
10) in order to obtain substantially normal distributions
before performing the tests. The log-transformed variables
were IFN-a production, triglyceride. According to the analy-
sis, male subjects were assigned 1 and female subjects were
assigned 2. To describe the variables measured in this study,
mean * SE was used. Statistical analyses were conducted
using the Stat View 5 system (Stat View, Berkeley, CA).

Linear regression analysis was performed to examine the
relationships between IFN-a production and other variables,
and also to exclude any significant collinearity among the
variables before performing multivariable analysis. Multiple
regression analysis was performed to assess the combined
influence of variables on IFN-a production. P values <0.05
was considered as significant.

Results

Clinical characteristics of the subjects are shown in
Table 1. Mean value of IFN-a production was 7,237.4 + 226.0
IU/mL. In male subjects, the mean value of IFN-a produc-
tion was 8,278.5 * 334.0 IU/mL and female 5,884.0 + 262.7
IU/mL, respectively. There was a significant difference
between men and women (P = 0.0003). Pearson’s correla-
tion coefficients between log(IFN-a production) and other
variables are shown in Table 2. There were statistically sig-
nificant positive correlations between log(IFN-a production)
and log(TG) (r = 0.088, P = 0.03), uric acid (r = 0.091, P =
0.03). Negative correlations were found between log(IFN-a
production) and age (r = —0.158, P = 0.0001), FPG (r =—0.088,
P = 0.03). No significant correlation was found between
log(IFN-a production) and BMI.

Multiple linear regression analysis performed with
log(IFN-a production) as the dependent variable and the
candidate factors (age, sex, FPG, log(TG), uric acid) as
the independent variables showed that age (B = —0.148,
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CAPACITY OF IFN-« PRODUCTION AND METABOLIC PARAMETERS

TaBLE2. CORRELATION OF log(IFN-a
PRODUCTION) TO MEASURES OF VARIABLES

r P
Age —0.158 0.0001
Systolic blood pressure 0.04 0.34
Diastolic blood pressure 0078  0.06
BMI 0044 029
Fasting plasma glucose —0.088 0.03
Total cholesterol —-0.028 05
Log(triglyceride) 0.088  0.03
HDL-cholesterol —0.078  0.06
Uric acid 0.091  0.03

BMI, body mass index; HDL, high-density
lipoprotein; IEN, interferon.

P < 0.0001), sex (B =-0.240, P = 0.0003), and FPG (3 = —0.096,
P = 0.0209) were independent determinants of log(IFN-a
production) (Table 3).

Furthermore, we determined IFN-a production trend in
subjects who had a history of health examination for a long
period at the Louis Pasteur Center for Medical Research to ex-
amine a correlation among each individual. Among 64 subjects
with abnormal FPG levels (=110 mg/dL), 10 had their IFN-a
production monitored once or twice per year for >5 years.
During follow-up, 3 subjects developed diabetes and 7 showed
increase in FPG levels, though below the diagnosis of diabetes.
AlthoughIFN-aproductionshowed fluctuation, asimpleregres-
sionline with the IFN-a productionand age yielded anegative
slope, while FPG levels showed increase, in all 10 subjects.
The representative profile of one subject is shown (Fig. 1).

Discussion

In this study, we demonstrated that capacity of IFN-a
production correlated significantly with age, sex, and FPG,
but not with BMI, blood pressure, uric acid, or lipids.

Age is known to play a role in the regulation of IFN-«
production, which is followed by a gradual decline with
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TABLE3. MULTIPLE REGRESSION ANALYSIS
oN log(IFN-a PRODUCTION)

B P
Age -0.148  <0.0001
Sex —0.240  0.0003
Fasting plasma glucose ~ —0.096  0.0209
Log(triglyceride) 0.057 0.2065
Uric acid —0.054  0.2935

B, Standardized coefficients; IFN, interferon.

increased age (Abb and others 1984; Kita and others 1991;
Katschinski and others 1994). This is consistent with the find-
ing of Shodell et al. who reported significant decreases of the
circulating pDCs in healthy aged humans, as was defined
both by flow cytometry and IFN-a production (Shodell and
Siegal 2002). There was also a small decline in the amount
of IFN produced per pDC over the entire age range. On the
other hand, no change in the total lymphocyte or monocyte
counts was observed. Thus the age-related losses of IFN-«
production may be due to both declining pDC numbers and
a small reduction in IFN produced per pDC with aging.
Although previous studies showed no sex difference (Abb
and others 1984; Kita and others 1991; Katschinski and others
1994), we observed decreased production of IFN-a in females
in this study. It has been reported that the pDC numbers
were not different between males and females (Shodell and
Siegal 2002; Berghofer and others 2006). Other factors like dif-
ferences in innate immunity between males and females or
systemic imposition of sex hormones may play a role; how-
ever, the mechanisms are not well understood (Kovats and
Carreras 2008). To address these questions, further studies are
required. FPG revealed to be another important determinant
of IFN-a production, suggesting that lesser degrees of hy-
perglycemia also affect IFN-o production. And this was also
observed in the history of long-term follow-up of IFN-a pro-
duction among the 10 individuals with abnormal FPG levels.
Our data may coincide with a recent report by Summers
et al. who described a reduced secretion of IFN-a by dentritic
cells (DC) in both type 1 and type 2 diabetes (Summers and
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FIG. 1. Interferon-a (IFN-a) production trend in subjects with elevated fasting plasma glucose (FPG) levels, though under
diagnosis of diabetes. The IFN-a values and FPG levels are plotted versus time.
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others 2006). In their study, DC subsets in each diabetic group
exhibit normal properties concerning frequency and activation
state. Only low secretion of IFN-a was observed. However, the
number of type 2 diabetes patients examined were quite low
(n = 7), and the degree of glycemic control was not evaluated
in their studies. Seifarth et al. reported significantly lower ab-
solute numbers of pDC in patients with type 2 diabetes under
poor glycemic control (HbA,. > 9.5%) compared to healthy
controls (Seifarth and others 2008). Reduced absolute numbers
of pDC in patients with type 2 diabetes under good glycemic
control (HbA, < 70%) was also observed compared with
healthy controls, but this difference did not reach statistical
significance (Seifarth and others 2008). The reason for this re-
duction in peripheral immune cells remains unclear; however,
the decrease in the main IFN-producing cell counts may be a
possible explanation of the decline in IFN-a production.

Although leukocyte count also showed correlation with
IFN-a production, we did not adjust IFN-a production with
leukocyte count. In this study, we aimed to investigate the
immune status of each individual, but not the function of
leukocyte. Moreover, the main IFN-a producer is pDC and
we considered it inappropriate to overestimate the influence
of leukocyte count.

There are some limitations to this study. In a bioassay of
IFN, we cannot distinguish the subtypes of IFN induced by
Sendai virus yet known as a potent IFN-a inducer (Klein
and others 1984). However, the main subtype of IFN induced
in whole blood cultures is probably IFN-a, as suggested by
the results of neutralization experiments with anti-natural
IFN-a antibodies, which are similar to the results of our pre-
vious study (Kuo and others 1991). As we considered it more
important to determine the active forms of IFN than the sub-
type of IFN to prevent virus infection, titer of IFN using a
bioassay of whole blood cultures was measured.

In conclusion, hyperglycemia but not BMI, hypertension,
or hyperlipidemia may be associated with decrease in ca-
pacity of IFN-a production. Lesser degrees of hyperglycemia
also affect IFN-o production, suggesting that glycemic con-
trol is critical even for both subjects without any medication
for diabetes and subjects under the diagnosis of diabetes on
infectious diseases.
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Abstract The ability to predict anti-tumor immune
responses at local tumor growing sites using only periph-
eral blood specimens would be helpful in determining
therapeutic options for patients with solid tumors. Here, we
show that the glutathione intracellular content (icGSH) of
peripheral monocytes (Mo) correlates positively with T cell
infiltration within tumor islets and overall survival in
patients with colorectal carcinoma. IcGSH redox status was
determined in CD14™ Mo prior to surgery by staining with
monochlorobimane. The tumor-infiltrating T cells (TIL)
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were quantified as CD45RO™ T cells in resected tumors
using paraffin sections. A positive association was found
between the GSH index and TIL in tumor islets
(P < 0.001). The 50% cut-off value for the GSH index,
that is the determinant between TIL presence or absence in
tumor islets, was calculated to be almost 0.7 through
logistic regression analysis. Mo with a GSH index of >0.7
were termed reductive (R)-Mo, and those with <0.7 were
designated as oxidative (O)-Mo. Cox’s proportional haz-
ards regression analysis of patients with R-Mo or O-Mo
prior to surgery, and the presence or absence of TIL, was
found to correlate significantly with the overall survival
rate of stage II and III patients. Kaplan—-Meier analysis also
showed a significant correlation. These results indicate that
the Mo icGSH index is a useful biomarker parameter for
better understanding the host/tumor relationship prior to
surgery, thereby enabling the development of an individual
patient-oriented therapeutic strategy.

Keywords Glutathione - Reductive monocyte -
Oxidative monocyte - Tumor infiltrate T cell -
Colorectal cancer

Introduction

The goal of this research is to improve the survival rate of
patients with solid tumors who undergo anti-tumor therapy.
To this end, we explored the possibility of predicting local
anti-tumor reactions prior to surgery using biomarkers
easily measurable in peripheral blood specimens. Such
predictions will be helpful in determining therapeutic
options for patients with solid tumors and more importantly
allow for the optimal administration of pre-surgery treat-
ments. Here, we explore whether studying peripheral
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monocytes (Mo) can in fact allow us to make such useful
predictions. As Mo are recruited from the circulation and
differentiate into mature macrophages (Mf) within the
tumor micro-environment, they affect the constitution of
the tumor stroma, resulting in a distinctive inflammatory
condition, and may thus crucially influence the clinical
outcome [I, 2]. This is supported by Galon et al. who
demonstrated the importance of the adaptive immunologic
micro-environment, especially the presence of TIL, to the
clinical outcome in colorectal cancer patients [3, 4].

Hamuro et al. [5] proposed the functional discrimination
of two classes of Mf; R-Mf with a high intracellular glu-
tathione (icGSH), and O-Mf with a reduced content. They
demonstrated that the Th1/Th2 ratio was regulated by the
balance between R-Mf and O-Mf. This balance was asso-
ciated with a difference in IL-12 versus IL-10 production,
which further affects the development of the tumor stroma
area [5, 6]. These findings are consistent with those of
Peterson et al. [7], who also demonstrated that levels in
antigen-presenting cells modulate Th1l and Th2 response
patterns. These results suggest that R-Mo positively affects
and induce anti-tumor function that may improve overall
survival of cancer patients.

In this paper, we determined the relationship between
the presence of TIL in tumor cell islets in resected tumors
and icGSH levels of peripheral Mo in patients with colo-
rectal cancer before surgery. The correlation between these
two parameters was found and then correlated with overall
patient survival after surgery. In this way, we found evi-
dence that among the Mo-GSH index, the presence of TIL
in tumor islets and the prognosis for colorectal carcinoma
patients were positively correlated. These results demon-
strate that the intracellular redox status monitored by
icGSH levels in Mo/Mf plays a crucial role in the devel-
opment of the anti-tumor response, therefore determining
of icGSH has great potential as a favorable prognostic
biomarker parameter in survival prediction.

Materials and methods
Subjects

A total of 30 newly diagnosed colon and rectum cancer
patients who were scheduled for surgery were enrolled in
this study at the Kinki University School of Medicine from
July 2002 through August 2005. Among the 30 were five
stage IV colon/rectum cancer patients without lung and
liver metastasis who would benefit from surgery. Other
stage IV patients who would not benefit from surgery were
excluded. None of the patients had yet received any kind of
treatment. They were characterized by their icGSH index
and degree of TIL in tumor islets, and the IL-12

Q Springer

Table 1 Patient characteristics

No. of patients

Total 30

Male/female 21/9

Age (mean * SD) 63.4 £ 1.71 years
Tumor types

Colon 11

Rectum 19
Metastasis

Localized Ca. 25

Meta. 5
Histological type

Well differentiated 8

Moderately differentiated 21

Poorly differentiated 1

Tumor stage
(GSH index: 20.7/<0.7)

Stage 0, I 2 (1/1)

Stage II 9 (6/3)

Stage Illa, b 14 (11/3)

Stage IV 5 (5/0)
GSH index

Total 30 (23/7)

Mean + SD 0.92 £ 0.05
T cell infiltration into tumor islets (/0.93 mm?)

0 7

+: 1-20 22

++: =220 1
IL-12 responsiveness (No. of positive IL-12

stimulated IFN-y producer® (total, n = 30))

CD4™ T cells 2

CD8™ T cells 6

CD4" and/or CD8" T cells 7

* IL-12 responsiveness was regarded as positive when CD4" T and/or
CD8' T cell populations from each patient produced more than
20 pg/ml of IFN-y following stimulation with IL-12

responsiveness of their CD4 and CD8 T cells (Table 1).
The follow-up period after surgery ranged from 48 to
60 months. Patient characteristics are shown in Table 1.
Thirty-eight age-matched healthy subjects ranging from
40 to 80 years of age were recruited from individuals
attending the Louis Pasteur Center for Medical Research
for routine health checkups as controls. They had no his-
tory of cancer, chronic infectious or autoimmune diseases,
diabetes mellitus, nephritis or asthma. In addition to the 38
healthy subjects above, the GSH index was determined for
12 patients with advanced colorectal cancer with multi-
metastasis, each of whom had received medical care at the
polyclinic of the Louis Pasteur Center for Medical
Research from April 2002 through August 2006. They had

= 268 —




Cancer Immunol Immunother

a history of recurrence, and had already received different
treatments, such as surgery, chemotherapy, radiotherapy
and/or immunotherapy.

One colon cancer and eight breast cancer patients, who
were going to receive adoptive immunotherapy at the Kan
Clinic before and after OK-432 administration, were also
assessed for their GSH index and Mo T cell stimulatory
activity. For in vitro testing and an HPLC assay, we used
Mo obtained from cancer-bearing patients at the Louis
Pasteur Center for Medical Research who were undergoing
immunotherapy using the leukopheresis method.

Blood samples were taken from all cancer and healthy
subjects after obtaining informed consent; these samples
were always used within 8 h.

Cytokines and reagents

Recombinant human IL-12 (rIL-12) was provided by the
Genetics Institute (Cambridge, MA), anti-CD56~, CD147,
CD8™ and CD4-conjugated MicroBeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) were used for Mo and CD4 ™"
T cell separation. For T cell detection in tumor cell islets,
formalin-fixed and paraffin-embedded sections were
stained with an anti-CD45RO antibody (UCHLI1, IgG2a,
Nichirei Corp., Tokyo) according to the manufacturer’s
recommended procedures.

Preparation of peripheral blood lymphocyte
and monocyte populations

Venous blood was taken from both cancer bearing and
healthy subjects and the peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll-Hypaque gradient
centrifugation method. CD56%" NK cells, CD14" Mo,
CD8" T cells and CD4™ T cells were positively separated
using Midi-MACS LS™ columns. The separated CD14™
cells were used for icGSH staining and CD8* and CD4™ T
cells to determine IL-12 responsiveness, as described
below. CD4" T cells from a healthy person were used to
determine the T cell stimulatory capacity of the Mo.

GSH staining and determination of the GSH index

The GSH index was determined 2 or 3 days before surgery.
To determine Mo icGSH levels, PBMC and isolated
CD14" Mo were allowed to adhere to glass slides in a
culture medium for 30 min then washed, and stained with
250 mM monochlorobimane (MCB, Molecular Probes,
Inc. OR, USA) in 10% FBS-PBS for 15 min. Cells were
then fixed with 0.72% formalin (TAAB Lab, England) in
10% FBS-PBS and after 10 min, they were embedded in
Aqua Poly/Mount (Polysciences, Inc, PA). Cells were

monitored by fluorescence microscopy, and images were
acquired with a Hamamatsu C5810 3CCD camera using
Sicon image software under an Olympus BXSOWI lens
using a WV filter. After converting Mo to a gray image,
their icGSH levels were measured with an Image J 1.32
software that examined the area and mean intensity of each
Mo. The formula GSH index = average (area X mean
intensity) was used to determine the GSH index.

HPLC assay for icGSH in Mo

As 1-2 x 10° Mo are required to measure the amount of
GSH by HPLC, we obtained Mo from ten patients who
were undergoing immunotherapy at the Louis Pasteur
Center for Medical Research using the leukopheresis
method (n = 6, digestive cancer patients; n = 2, breast
cancer; n = 2, others). As shown in Supplement Fig. 1, a
positive correlation between the GSH index and the
amount of reductive icGSH was found (R = 0.78,
P = 0.0044). To validate the GSH index, CD14" Mo
from the above ten cancer subjects were tested for both
the GSH index by MCB staining, and the quantity of
GSH by high performance chromatography (HPLC) with
a gold electrode as described previously [8]. These
methods determine GSH and are not affected by GSSG.
However, as only 1-2 x 10° Mo are required to deter-
mine the icGSH index by staining, these results suggest
that the amount of icGSH in Mo is indicative of the GSH
index, and is useful in measuring an individual patient’s
icGSH.

Immunostaining of CD45RO™ T cells

TIL levels were determined using paraffin-embedded
pathological specimens from the resected tumor. T cells
were stained with anti-CD45RO Ab using formalin-fixed,
paraffin-embedded sections as recommended by the man-
ufacturer. The tumor mass was determined in a given
visual field at a magnification of %200 (0.933 mm?).
Infiltrating effecter/memory CD45RO* T cells were
counted in the tumor cell islets [9].

Determining IL-12 responsiveness

The IL-12 responsiveness of preoperative patients was
determined using positively isolated CD4* and CD8" T
cells from each patient which were cultured with 1,000 pg/
ml rIL-12 for 20 h. Supernatants were extracted and the
concentration of IFN-y was quantified using enzyme-linked
immunosorbent assay (ELISA) as previously described
[10].
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Determination of Mo T cell stimulating activity

The GSH index and Mo T cell stimulating activity were
simultaneously determined in 20 tumor-bearing patients;
the latter by a modified method of Romani et al. [11]. 10%
well Mo from each patient and 2 x 10°/200 pl/well CD4*
T cells from healthy subjects were mixed together with
10 ng/ml anti-CD3 mAb (Orthoclone OKTR3Inj, Ortho
Pharmaceutical Corp., USA) and cultured for 20 h in TC
MICROWELL 96F plates (Nunc A/S Denmark). CD4* T
cells from the same healthy subject were aliquoted and
stored in liquid nitrogen, so that the same standardized
cells could be used for every experiment. Supernatants
were extracted and IFN-y was quantified by ELISA. Anti-
CD3 antibodies presented by Mo via Fc receptors were
stimulated via the T cell receptors of CD41 T cells. This
experimental system thus models Mo-T cell interactions,
making it possible to evaluate the antigen-presenting
activities of Mo without MHC restriction.

Statistical analysis

All values in the text and tables are presented as
mean + SEM. Statistical analysis of the data was per-
formed using the Student’s ¢ test. The relationships
between GSH index and the presence of CD45RO™T cells
in tumor islets were estimated using logistic regression
analysis. Cox proportional hazards regression models and
Kaplan—-Meier analysis were used to investigate whether or
not the GSH index and/or clinical prognostic factors were
related. Calculations were performed using the JMP 6.0.3
statistical software package (SAS Institute Inc, Cary, NC).

Results

GSH index in patients with colorectal cancer
and healthy subjects

The GSH indices were determined for the 30 preoperative
colorectal cancer patients and 38 healthy controls were
determined. As shown in the comparative line histogram
(Supplement Fig. 2), healthy subjects exhibited a normal
probability distribution for the Mo-GSH index, peaking
between values of 0.7 and 0.9, whereas patients with
colorectal cancer also exhibited a normal probability dis-
tribution but with a slightly higher peak value of 0.9-1.1.
The mean values of GSH indices for healthy subjects and
colorectal cancer patients were found to be 0.86 £ 0.04,
and 0.92 + 0.05, respectively. In addition, no correlation
was found between GSH index and cancer stages in
operable patients (stage 0, I: 0.79 & 0.20; II: 0.89 =+ 0.09;
IIT: 0.86 + 0.08; IV: 1.19 & 0.13) (Table 1). This would
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explain why the stage IV patients in this study had high
GSH index, and 12 other patients with recurring colorectal
cancer in the advanced stage were distributed on both ends
of the GSH index with two peaks at 0.5-0.7 and 1.1-1.3
GSH index (Supplement Fig. 2). These results demonstrate
that there is no significant correlation between GSH index
and cancer stage; however, it was noted that GSH index
tend to decrease in the terminal stage of cancer.

Correlations between the Mo icGSH index
and TIL into tumor islets

Many previous studies have explored the relationship
between TIL in tumor islets and prognosis for tumor-
bearing patients; however, almost no studies on the rela-
tionship of TIL in the local tumor site and Mo icGSH [9,
12] exists, therefore we felt the need to perform the present
study.

Logistic regression analysis of the Mo-GSH index and
presence of TIL in tumor islets in 30 preoperative patients
revealed a positive association (P < 0.001). The 50% cut-
off value for the GSH index positively correlated with the
presence of TIL and was nearly 0.7. Thus, patients were
divided into two clear subgroups determined by the pres-
ence or absence of TIL within tumor cell islets and cor-
responding to their GSH indices; GSH indices of >0.7
corresponded closely with the TIL presence in tumor islets
group (n =23, 1.03 £ 0.04), and GSH indices of <0.7
corresponded with the TIL absence in tumor islets group
(n=717, 0.55 £ 0.08, P <0.001; Fig. la). Our previous
results suggest that Mo with high icGSH and low icGSH
represent two functionally distinct Mo subsets that may
exert anti- and pro-tumor functions, respectively [5].
Therefore, we designated Mo with a GSH index >0.7 as
reductive (R)-Mo, and those with an index of <0.7 as
oxidative (O)-Mo. Figure 1b shows representative exam-
ples of MCB staining in two colon cancer patients with
R-Mo or O-Mo. As shown in Fig. la, these results dem-
onstrate that there is a positive correlation between higher
Mo icGSH and positive TIL into the tumor islets.

GSH index and TIL in tumor islets correlate
with clinical outcome

It is well documented that the presence of TIL correlates
with improved survival in patients with colorectal cancer
[3, 12]. Therefore, our results showing that R-Mo is asso-
ciated with the presence of TIL prompted us to examine the
possibility that R-Mo may correlate with improved survival
of colorectal cancer patients. The GSH index (>0.7 or
<0.7) and the presence or absence of TIL in tumor islets as
predictor variables were analyzed in the group of 30
patients (stages 0-IV) using Cox’s proportional hazards

— 270 —




Cancer Immunol Immunother

2
(a) p<0.0001
o
1.5 1 °
» °
00
g o
& ]
% o8
o 0.7 4o [T ORRRRURRRE - SIS
° o
0.5 1 _"o—

Absence Presence

CD45SRO™T cells in tumor islets

Fig. 1 a Comparison of GSH index and TIL in tumor islets. The
mean value of the GSH index in patients whose tumor cell islets were
infiltrated with TIL was significantly higher than in patients without
TIL (absence of TIL, 0.561 + 0.052 vs. presence of TIL,
1.035 £ 0.051). b Comparison of the icGSH index of Mo and TIL
in tumor islets of two patients with colon cancer (left panel 53 years
old, female, stage II; right panel 62 years old, female, stage II). Bar
50 um. Upper panels MCB staining of the Mo (GSH index of left
panel: 1.07 vs. right panel: 0.41). Lower panels Histological section
of CD45RO™ T cells in tumor islets (left panel: several TIL in tumor
islets 7). On the right-hand side there is no TIL into the tumor islets

regression models with overall survival as the dependent
variable. The same was done separately for a group of 23
stage II and III patients with moderately advance tumor.
Although multivariate analysis did not show significant
results in terms of a strong correlation, univariate analysis
showed that the GSH index and TIL presence/absence were
significant independent factors that could predict survival
in both groups of patients (Table 2).

Using the Kaplan-Meier model, the overall survival
outcome of stage 0-IV cancer patients was analyzed with
respect to (1) Mo redox status comparing R-Mo and O-Mo,
(2) the presence or absence of TIL in tumor cell islets, and
(3) with respect to cancer stage. A significant difference
was found in the overall survival rates of the 30 preoper-
ative patients (Supplement Fig. 3A) and 23 stage II and III
patients (Fig. 2a) with R-Mo or O-Mo in the log-rank test.

The 4-year mortality rate of stage II and III patients (all
preoperative patients) with R-Mo was found to be 6.2%
(13%), whereas O-Mo was 66.6% (57.1%), demonstrating
that R-Mo patients have a superior survival rate. Consistent
with previous studies [9, 12], there was also a significant
difference between patients with and without TIL in tumor
islets in the log-rank test (Fig. 2b; Supplement Fig. 3B).
On the other hand, no correlation was found between tumor
stage and overall survival (Supplement Fig. 3C). Further-
more, no significant difference was found in disease-
free survival of stage II and III patients between the
R-Mo/O-Mo (P = 0.205) group and TIL existence/absence
(P = 0.054) group. However, R-Mo and TIL existence
patients showed better outcomes than the O-Mo and TIL
absence groups.

These data indicate that knowing R-Mo or O-Mo status
is as equally predictive of patient survival as knowing
whether TIL is present or absent in tumor islets. Both
reveal the same kind of information about local anti-tumor
response, and result in almost the same predictive value.
Therefore, even without using resected specimens to know
if TIL is present or not, we are still able to generate the
same conclusion using R-Mo or O-Mo status.

Relationships between GSH indices and CD4*
and/or CD8™ T cell responsiveness to IL-12

The evidence from histology and survival of colorectal
patients described above suggests that anti-tumor responses
occur at high frequency in patients with R-Mo. In a pre-
vious paper, we demonstrated that IL-12 responsiveness
was a good indicator that allowed us to predict the exis-
tence of sensitized T cells as part of an ongoing anti-tumor
immune response [10]. Based on these findings, we com-
pared IL-12 responsiveness among patients with colorectal
cancer as a parameter for the occurrence of anti-tumor
response. Seven of 30 patients showed IL-12 responsive-
ness of CD4" T and/or CD8" T cells (Table 1, n = 30).
IL-12 responsiveness of T cells was identified as an inde-
pendent factor significant in predicting survival using
Cox proportional hazards regression analysis (Table 2,
P = 0.04). Although there was no statistically significant
correlation between patients with or without IL-12
responsiveness in the Kaplan-Meier analysis (P = 0.11),
positive IL-12 responsiveness (n = 7) was only found in
patients with moderate GSH indices of R-Mo (supplement
Fig. 3D). Furthermore, it is noteworthy to point out that all
patients who showed IL-12 responsiveness lived for more
than 5 years, including two stage IV patients, despite their
advanced status. When comparing R-Mo colorectal cancer
patients with those showing TIL presence and those with
IL-12 responsiveness, the relationship is such that the
R-Mo group and TIL presence group mostly overlap but
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Table 2 Prognostic factors in patients with colorectal cancer using Cox proportional hazard model

Variables Categories Univariate analysis
Overall survival
HR (95% CI) P
Stage Stage 0: I (n = 2) versus II (n = 9) versus III 2.27 (0.85-6.85) 0.103
(n = 13) versus IV (n = 5)
Stage II, III Stage II (n = 9) versus III (n = 13) 2.71 (0.40-53.05) 0.33
GSH index (stage I, II, IIL, IV; n = 30) >0.7(n = 23) versus <0.7(n = 7) 0.194 (0.038-0.887) 0.0352*
GSH index (stage II, III; n = 23) >0.7(n = 17) versus <0.7(n = 6) 0.061(0.003-0.421) 0.004**
TIL in tumor islets (stage L, II, III, IV; n = 30) Presence (n = 23) versus absence (n = 7) 0.194 (0.038-0.887) 0.0352*
TIL in tumor islets (stage II, IIl; n = 23) Presence (n = 16) versus absence (n = 7) 0.083 (0.0042-0.565) 0.01%=*
IL-12 responsiveness (n = 30) Positive (CD4 T and/or CD8 T) (n = 7) 1.86e—7 (- —0.898) 0.04*
versus negative (n = 23)
IL-12 responsiveness (stage II, III; n = 23) Positive (CD4 T and/or CD8 T) (n = 5) 5.9e—7 (- -2.03) 0.150

versus negative (n = 18)

* P <0.05, ** P <0.01
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Fig. 2 a Kaplan—Meier analyses of stage II and III colorectal cancer
patients (n = 23): patients with R-Mo (GSH > 0.7) or O-Mo
(GSH < 0.7) plotted separately (P = 0.0009). b Kaplan-Meier

not completely, whereas the IL-12 responsiveness group is
contained within the range of both groups (Supplement
Fig. 3D).

GSH index and T cell stimulatory activity of Mo

The results presented here suggest that anti-tumor immune
responses work more efficiently in patients with R-Mo. This
led us to explore whether R-Mo would induce stronger
CDA4™ T cell stimulatory activity than O-Mo. To evaluate the
antigen-presenting capacity of Mo distinct in their intra-
cellular redox status, we used an assay system using anti-
CD3 antibodies presented by Mo via Fc receptors. This
experimental model of Mo-T cell interaction makes it pos-
sible to evaluate the antigen-presenting activities of Mo
without MHC restriction. As shown in Fig. 3a, R-Mo
stimulated CD4%* T cells more strongly than O-Mo

) Springer

(b) 10
0.9 4
0.8

@ 0.7 -

© 0.6 -

'_§ 0.5 4 TIL absence I

2 0.4

=

V0.3 -
0.2
0.1

0.0 T T T T | T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Days

L

TIL presence

analyses of stage II and III colorectal cancer patients (n = 23):
patients with or without intratumoral T cells plotted separately
(P = 0.0048)

(evaluated as IFN-y production). These results indicate that
R-Mo with a higher icGSH can stimulate T cells more
effectively than O-Mo and induce Thl responses.

Hamuro et al. showed that it is possible to change the
GSH status of Mo from oxidative to reductive in vivo and
in vitro [6, 13], and the functional plasticity of Mo has been
demonstrated elsewhere [14, 15]. This led us to question
whether treatments to increase the GSH index would affect
the CD4™ T cell stimulatory activity of Mo. Several kinds
of biological response modifiers (BRM) have been shown
to increase monocyte GSH levels. However, for our pur-
poses, we selected a Streptococcal preparation of OK-432
commonly used in Japan as the BRM agent, and it allowed
the GSH indices of Mo and T cell stimulation activities to
be evaluated prior to and following treatment [16]. As
shown in Figs. 3b-1 and b-2, GSH indices of Mo signifi-
cantly increased, while their CD4* T cell stimulatory
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Fig. 3 a Comparison of T cell stimulatory activity of O-Mo and
R-Mo in vitro. R-Mo (GSH > 0.7) stimulate T cells more strongly
compared with O-Mo (GSH < 0.7) (O-Mo; 829.0 + 152.0 vs. R-Mo;
1314.3 &+ 136.4 pg/ml, P = 0.036). b Effect of OK-432 administra-
tion on a the GSH index and b T cell stimulatory activity of Mo

activities measured as IFN-y production also increased.
These findings suggest that medical intervention using an
agent to change the intracellular GSH redox status of Mo
from an oxidative status to a reductive one would increase
CD4™ T cell stimulatory activities and thus successfully
induce Thl responses as shown by higher IFN-y
production.

Discussion

We have demonstrated that patients bearing colorectal
tumors with R-Mo, containing elevated intracellular levels
reductive GSH, have correlated extended lymphocyte
infiltration into the tumor islets (Fig. 1a, b) and exhibit
better overall survival [9] (Fig. 2a, b; Table 2; supplement
Fig. 3a, b). R-Mo stimulates T cells more efficiently than
O-Mo (Fig. 3a), and as a result, IL-12 responsiveness was
found only in patients with R-Mo (Supplement Fig. 3D).
The presence of TIL in the tumor islets combined with a
high incidence of IL-12 responsiveness suggests that anti-
tumor Th1 immune responses may have been induced and
was ongoing in these patients with high intracellular GSH.
Several previous research have shown that the presence of
TIL in tumor islets is a good prognostic biomarker for
patients with colorectal cancer [4, 9, 12], and that GSH
levels in antigen-presenting cells have an effect on Thl
response. However, this is the first report to demonstrate
that R-Mo with a higher icGSH facilitates the induction of
anti-tumor immune responses (presumably Thl), and leads
to better overall survival in R-Mo patients. These results
demonstrate a significant advantage in using GSH index for
stage classification for predicting overall survival.

Our ultimate purpose in pursuing this research is to
improve the survival rate of solid turmor patients

Before '

After Before ' After
0OK432 administrasion

in vitro. After OK-432 administration, GSH indices increased
dramatically compared to pre-therapy (b-1) (before: 0.923 £ 0.046
vs. after: 1.039 + 0.035, P = 0.041). T cell stimulatory activity of
Mo increased after OK-432 treatment (b-2) (before: 626.8 + 152.8
vs. after: 1271.9 £+ 153.7 pg/ml, P = 0.003)

undergoing anti-tumor therapy, and to identify appropriate
biomarker parameters for monitoring anti-tumor immunity
using easily obtainable peripheral blood specimens. Func-
tional immunity can be monitored in vitro using peripheral
blood with tests such as natural killer cell activity [17],
IFN-« producing ability [18], and proliferative responses or
cytokine production by mitogenic stimulation. However,
these tests do not necessarily reflect anti-tumor T cell
responses in local tumor sites. Although it is possible to
determine antigen-specific responses through IFN-y secre-
tion or tetramer assays, they are difficult to apply to
undefined antigens. In situ analysis of tumor-infiltrating
immune cells in resected colorectal tumors has been
demonstrated to be a valuable prognostic tool [3, 12]. The
clinical significance of determining this information
through peripheral blood specimen alone, before or without
surgery, has marked advantages for optimizing and indi-
vidualizing therapies. Establishing the Mo GSH index
requires only 3 ml of peripheral blood; therefore, it is
suitable for routine clinical use.

Why do icGSH levels relate to anti-tumor activity?
There are several reports that activated Mf/Mo icGSH
levels are higher than control Mf/Mo [19, 20]. Further-
more, the capacity of allo-stimulatory and IFN-y produc-
tion correlated with icGSH levels in Mo-derived dendritic
cells [21]. Low intracellular GSH levels in antigen-pre-
senting cells correlated with defective processing of anti-
gens, indicating that this thiol may be a critical factor in
regulating antigen-processing [22]. Furthermore, GSH and
IL-2 are involved in the growth and replication of activated
lymphocytes [23]. These results suggest that the icGSH
levels of Mo/Mf/DC affect not only anti-tumor activity, but
also the antigen-presenting activities of Mo/DC. As our
data that will appear in a follow-up report will suggest that
there is a difference in the plasma cytokine/chemokine
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levels in the tumor environment in R-Mo and O-Mo patients
(analysis is now ongoing; data not shown). Additionally,
it is easy to anticipate that the icGSH of Mo influences
lymphocyte proliferation, differentiation, movement and
chemokine/cytokine production [24, 25].

Recently, analogous to the Th1/Th2 nomenclature, the
concept of polarized M1 and M2 macrophages has
emerged and is commonly used [15, 26]. M1 cells are
characterized as (a) having a high IL-12 and low IL-10
producer phenotype, (b) being proficient generators of
effecter molecules such as reactive oxygen, nitrogen inter-
mediates and inflammatory cytokines, and (c) contributing
as inducer and effecter cells of polarized Th1 responses. On
the other hand, the various forms of M2-Mf share a low IL-12
producer phenotype, and have a tendency to shift from
arginine metabolism to production of ornithine and poly-
amines via arginase [2]. Our present results suggest that
R-Mf closely correspond to M1-Mf and O-Mf to M2-Mf [5].

Mantovani et al. [1] demonstrated that Mf are versatile
cells that can express different functional programs in
response to micro-environmental signals. Similarly, Ham-
uro et al. demonstrated that the skewing toward Th1-biased
responses induced by lentinan, a well-known BRM, was
mediated via distinctive Mo cytokine production patterns
with elevated intracellular GSH content in vitro [27] and in
vivo [28]. Our results with Mo of OK-432-treated patients
support the notion that increased Mo icGSH levels skew
responses toward the Thl-type, and result in an improved
outcome for tumor-bearing patients. Recently, a school of
thought has emerged that tumor-associated Mo/Mf are
good targets for therapy because they play a key role as
regulators in the development of the tumor micro-envi-
ronment and impact on resulting anti-tumor immune
responses. We strongly support the idea that the status of
Mo can be appropriately used as a biomarker for prognostic
purposes. Our present results indicate that Mo status does
indeed influence the tumor-micro-environment and anti-
tumor immune responses, and that their plasticity indicates
that they are potential targets for novel therapeutic
approaches [29, 30]. Alteration of the Mo/Mf redox status
will make it easier and practical to induce anti-tumor
activity.
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