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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)

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 C0.7

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.
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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 [1, 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 Th1 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

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

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: 30.7/\0.7)

Stage 0, I 2 (1/1)

Stage II 9 (6/3)

Stage IIIa, b 14 (11/3)

Stage IV 5 (5/0)

GSH index

Total

Mean ± SD

30 (23/7)

0.92 ± 0.05

T cell infiltration into tumor islets (/0.93 mm2)

0 7

?: 1–20 22

??: 320 1

IL-12 responsiveness (No. of positive IL-12

stimulated IFN-c producera (total, n = 30))

CD4? T cells 2

CD8? T cells 6

CD4? and/or CD8? T cells 7

a 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-c following stimulation with IL-12
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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-, CD14-,

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 (UCHL1, 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 BX50WI 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 9 mean

intensity) was used to determine the GSH index.

HPLC assay for icGSH in Mo

As 1–2 9 106 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 9 103 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 9200 (0.933 mm2).

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-c 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]. 105/

well Mo from each patient and 2 9 105/200 ll/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-c was quantified by ELISA. Anti-

CD3 antibodies presented by Mo via Fc receptors were

stimulated via the T cell receptors of CD4? 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 t 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;

III: 0.86 ± 0.08; IV: 1.19 ± 0.13) (Table 1). This would

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 C0.7

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 = 7, 0.55 ± 0.08, P \ 0.001; Fig. 1a). 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 C0.7 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. 1a, 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 (C0.7 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
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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

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 lm. 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 :). On the right-hand side there is no TIL into the tumor islets
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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

CD4? 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

(evaluated as IFN-c production). These results indicate that

R-Mo with a higher icGSH can stimulate T cells more

effectively than O-Mo and induce Th1 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

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

(n = 13) versus IV (n = 5)

2.27 (0.85–6.85) 0.103

Stage II, III Stage II (n = 9) versus III (n = 13) 2.71 (0.40–53.05) 0.33

GSH index (stage I, II, III, IV; n = 30) C0.7(n = 23) versus \0.7(n = 7) 0.194 (0.038–0.887) 0.0352*

GSH index (stage II, III; n = 23) C0.7(n = 17) versus \0.7(n = 6) 0.061(0.003–0.421) 0.004**

TIL in tumor islets (stage I, 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, III; 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)

versus negative (n = 23)

1.86e-7 (– –0.898) 0.04*

IL-12 responsiveness (stage II, III; n = 23) Positive (CD4 T and/or CD8 T) (n = 5)

versus negative (n = 18)

5.9e-7 (– –2.03) 0.150

* P \ 0.05, ** P \ 0.01

Fig. 2 a Kaplan–Meier analyses of stage II and III colorectal cancer

patients (n = 23): patients with R-Mo (GSH C 0.7) or O-Mo

(GSH \ 0.7) plotted separately (P = 0.0009). b Kaplan–Meier

analyses of stage II and III colorectal cancer patients (n = 23):

patients with or without intratumoral T cells plotted separately

(P = 0.0048)
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activities measured as IFN-c 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 Th1 responses as shown by higher IFN-c
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 Th1

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 Th1), 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

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-a 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-c 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-c 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

Fig. 3 a Comparison of T cell stimulatory activity of O-Mo and

R-Mo in vitro. R-Mo (GSH C 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

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)
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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 Th1-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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