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Supplemental Methods 

Comparison between the effect of IFN- and IFN- administration on the 

induction of IDO1 activity in mice 

Mouse recombinant (mr) IFN- was acquired from Pestka Biomedical Laboratories, Inc. 

(NJ, USA) and mrIFN- was obtained from Wako Pure Chemical Industries, Ltd. 

(Osaka, Japan). Both rIFNs were dissolved in PBS(-). Mice were given a single 

intraperitoneal (i.p.) injection of either mrIFN- (5,000 IU/mouse), mrIFN- (5,000 

IU/mouse) or PBS (-) as a control. Blood samples were collected 24 h after i.p. injection. 

All mice were sacrificed under sodium pentobarbital (50 mg/kg of body weight, i.p.) 

anesthesia, and blood was collected from the abdominal vena cava. Serum was 

separated from the blood by low-speed centrifugation (1,000 x g for 10 min). Serum 

samples for the measurements of TRP and KYN were prepared in the same way as HCV 

patients. 



 

Dose dependency and chronic administration effects of IFN- on IDO1 activity 

To examine the effect of IFN- dose dependency on IDO1 activity, mice were given a 

single i.p. injection of different dose of mrIFN- (1,250, 2,500, 5,000, and 10,000 

IU/mouse) or PBS (-) as a control. Furthermore, to evaluate the chronic administration 

effect of IFN- on IDO1 activity, mice were given i.p. injections of either 

mrIFN-(5,000 or 10,000 IU/mouse) or PBS (-) once every 3 days for 9 days (total of 4 

injections). Blood and tissue samples were collected 24 h after the last injection. All 

mice were sacrificed under sodium pentobarbital (50 mg/kg of body weight, i.p.) 

anesthesia and blood was collected from the abdominal vena cava. Serum was separated 

from the blood by low-speed centrifugation (1,000 x g for 10 min). Serum samples for 

the measurements of TRP and KYN were prepared in the same way as HCV patients. 

Tissue samples for measurement of IDO1 activity were immediately frozen by 

immersion in liquid nitrogen and kept at -80˚C until analysis. 

 

Determination of IDO1 enzyme activity in the lung and brain after the 

administration of mrIFN- or IFN- gene transfer 

IDO1 activity was measured as described previously1. Briefly, tissues were disrupted 



with a ploytron homogenizer in 2-5 volumes of ice-cold 0.14 M KCl/20 mM potassium 

phosphate buffer (pH7.0). The homogenates were centrifuged at 20,000 x g for 10 min 

at 4˚C. Samples of supernatant were taken for measurement of IDO1 activity. The 

reaction mixture consisted of 50 L enzyme preparation and 50 L substrate solution. 

The composition of reaction mixture was 100 mM potassium phosphate buffer (pH 6.5), 

50 mM methylene blue, 20 mg of catalase, 50 mM ascorbate and 0.4 mM L-TRP. The 

reaction mixture was incubated at 37˚C for 0 and 30 min. After incubation, samples 

were acidified by the addition of 100 L of 3% perchloric acid and centrifuged at 

20,000 x g for 10 min at 4˚C. The enzymatic products were measured by HPLC. 

Enzyme activity was determined by calculating the difference between product levels 

after 0 min and 30 min incubation and expressed as amount formed per hour per 

milligram of protein. 
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Supplemental Figure Legends 

Fig. 1S. Schematic overview of the KYN pathway. IDO1 catabolizes L-TRP to 

N-formyl-L-kynurenine, which is converted to L-KYN by formamidase. L-KYN is 

further metabolized to AA by kynureninase, to KA by Kynurenine aminotransferases 

(KATs), and to 3-HK by kynurenine 3-monooxygenase (KMO), which is metabolized to 

3-HAA by 3-hydroxyanhranilate 3,4-dioxygnase. 3-HAA is further metabolized to 

QUIN. 

 

Fig. 2S. Schematic depiction of the collection schedule for blood sampling from 

depression (-) and depression (+) HCV patients. The range of time points and average 

collection time point (a-d) per group are listed in Supplemental Table 1S. 

 



Fig. 3S. Significant increases in IDO1 activity in mice following intraperitoneal 

administration of IFN-. We compared the induction of IDO1 activity in mice by a 

single i.p. injection of mrIFN- or mrIFN-. We determined TRP and KYN 

concentrations and the KYN/TRP ratio, reflecting IDO1 activity in serum, 24 h after the 

administration of mrIFN-or -. rmIFN- significantly increased the activity of IDO1, 

whereas mrIFN- showed a weak direct IDO1 induction in mice. Each column 

represents the mean ± SEM (n=4-6). ***p<0.001 versus PBS (-) injected mice, ##p<0.01, 

### p<0.001 versus mrIFN- injected mice. 

 

Fig. 4S. Increase of IDO1 activity in a dose-dependent manner after single and 

repeated-injections of mrIFN- in mice. (a, b) To examine the effect of IFN- dose 

dependency on IDO1 activity, mice were given a single i.p. injection of different doses 

of mrIFN- (1,250, 2,500, 5,000, and 10,000 IU/mouse) or PBS (-) as a control. (c, d) 

To evaluate the chronic administration effect of IFN- on IDO1 activity, mice were 

given i.p. injections of either mrIFN- (5,000 or 10,000 IU/mouse) or PBS (-) once 

every 3 days over a 10-day period (total of 4 injections). We determined TRP and KYN 

concentrations and KYN/TRP ratio, reflecting IDO1 activity in serum (a, c) and IDO1 

activity in the lung and cortex (b, d). mrIFN- increased IDO1 activity in a 



dose-dependent manner in mice. Repeated administration of mrIFN- to mice increased 

IDO1 activity in both lung and cortex, as previously shown2. Each column represents 

the mean ± SEM (n=3-5). *p<0.05, **p<0.01, ***p<0.001 versus PBS (-) injected mice, 

#p<0.05, ### p<0.001 versus 5,000 IU mrIFN- injected mice. 

 

Fig. 5S. Increase of IDO1 activity in the lung and cortex of mice after IFN- gene 

transfer. To determine the optimum concentration of pCpG-Mu plasmid to use, we 

evaluated (a) TRP and KYN concentrations and KYN/TRP ratio, reflecting IDO1 

activity, in serum and (b) the IDO1 activity in the lung and cortex after hydrodynamic 

injection of three different plasmid doses. IFN--transfected (-) mice were injected with 

the control plasmid pCpG-mcs, which is an empty vector, and IFN--transfected (+) 

mice were injected with the pCpG-Mu plasmid, which continuously expressed murine 

IFN-. The Y axis shows IDO1 enzyme activity (nmol/h/mg protein). IDO1 activity was 

increased in the lung and cortex of mice after IFN- gene transfer in a dose-dependent 

manner. Each column represents the mean ± SEM (n=5-6). *p<0.05, **p<0.01, 

***p<0.001 versus IFN--transfected (-) mice.  



Supplemental Table 

Table 1S Time points of clinical sample collections. 

Time points Depression (-) 

(mean ± SEM) 

Depression (+) 

(mean ± SEM) 

t df p 

value 

(a) Before the 

onset of therapy 

1-35 d 

(6.3 ± 1.8 d) 

1-22 d 

(7.3 ± 1.4 d) 

 

0.390 

 

46 

 

0.698 

(b) 2 w after the 

onset of therapy 

13-15 d 

(13.8 ± 0.1 d) 

12-15 d 

(13.7 ± 0.2 d) 

 

0.661 

 

42 

 

0.513 

(c) 4 w after the 

onset of therapy  

25-30 d 

(27.9 ± 0.1 d) 

25 - 29 d 

(27.8 ± 0.3 d) 

 

0.114 

 

40 

 

0.910 

(d) The period of 

therapy 

167-343 d 

(252.0 ± 15.7 d) 

54 - 337 d  

(183.4 ± 22.0 * d) 

 

2.592 

 

46 

 

0.013 

For all HCV patients, blood was collected before the onset of IFN- therapy, 2 and 4 

weeks after the onset of therapy. Five patients with depression discontinued their 

treatment after the diagnosis of depressive symptom, therefore, the period of therapy 

was significantly different between the depression (+) and (-) groups. For the schedule 

of blood sampling, see Supplemental Fig. 2S online. *p<0.05 versus depression (-). 

  



 





 

 

  



 

 

  



 

 

  



 

 

  



 

 

  



 

 

  



 


