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INTRODUCTION 
 
L-tryptophan (Trp) is one of the essential amino
important precursor of a number of biologically
metabolites, such as vitamin B, NAD+(P)+H,
kynurenine, quinolinic acid, the 5-hydroxytryptamine
serotonin), and the pineal hormone melatonin.
of dietary Trp is utilized for protein synthesis,
amount of protein degraded is matched 
synthesized in a person in nitrogen equilibrium,
of Trp being available for metabolism 
Tryptophan 2,3-dioxigenase (TDO) is a liver
for tryptophan catabolism. The importance
degradation is best shown by the finding that
mouse TDO gene elevates plasma Trp (Kanai
Most studies of the hepatic kynurenine pathway
on changes in the first and rate-limiting enzyme
some subsequent enzymes in the pathway
various drugs and other chemicals, and nutritional
(Badawyand Bano, 2016). The enzyme appears
birth and reaches the adult level after 4-5 weeks
(Nakamura et al., 1987). TDO is found only
and induced to express by glucocorticoids 
1987; Danesch et al., 1987). It is also well
pancreatic hormones such as glucagon induce
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ABSTRACT 

essential amino acid L-tryptophan (Trp) is the important precursor
 metabolites. Tryptophan 2,3-dioxigenase (TDO) is a liver

catabolism. Although the regulation of TDO expression is understood
largely unknown in vivo. To investigate the regulation of TDO

starvation, I performed real-time RT-PCR and Western blot analysis.
weights and the liver histology with Periodic acid-Schiff (PAS)
 that starvation lead into depletion of glycogens and glycoproteins

Tdo mRNA and TDO protein were increasedduring starvation
 conclude that starvation increases the hepatic TDO expression.

catabolism(s) could play important roles in liver and whole body during
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of TDO, whereas insulin suppresses
primary hepatocytes (Nakamura
understood to involve glucocorticoid
expression is largely unknown
upregulation of TDO express
starvation. 
 

MATERIALS AND METHODS
 
Experimental animals and Liver histology
 
10-week-old male mice were housed in a room with controlled 
light/dark cycle, humidity, and temperature, and allowed 
libitum access to food and 
housing, use, and disposition of the animals were in 
compliance with the institutional laws and regulations of the 
Osaka University Graduate School of Medicine. Liver removed 
at each autopsy was fixed in cold 10%
h respectively. Transversally trimmed liver tissues were 
submitted to a routine process for paraffin embedding (Kato 
al., 2010; Kato et al., 2014). The renal sections were prepared, 
deparaffined, stained with PAS (
 

RNA purification and quantitative
 

Total RNA was purified from the
reagent (Invitrogen) according
instructions. Quantitative real-
and mRNA levels were calculated
(Kanai et al., 2009; Danesch et 
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suppresses this production in rat 
(Nakamura et al., 1980). Although it is 

glucocorticoid in vitro, the TDO 
unknown in vivo. Here, I report the 

expression in mouse liver during 

METHODS 

Experimental animals and Liver histology 

old male mice were housed in a room with controlled 
light/dark cycle, humidity, and temperature, and allowed ad 

access to food and water. The acquisition, care, 
housing, use, and disposition of the animals were in 
compliance with the institutional laws and regulations of the 
Osaka University Graduate School of Medicine. Liver removed 
at each autopsy was fixed in cold 10%-buffered formalin for 24 

Transversally trimmed liver tissues were 
submitted to a routine process for paraffin embedding (Kato et 

., 2014). The renal sections were prepared, 
deparaffined, stained with PAS (Periodic Acid–Schiff). 

quantitative real-time RT-PCR  

the livers of mice using a TRIzol 
according to the manufacturer's 

-time RT-PCR was carried out 
calculated as described previously 

et al., 1987).  
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Western blotting  
 
Western blot analyses of liver lysates were performed using 
anti-TDO antiserum (Niimi et al., 1983).  
 

RESULTS  
 
Before testing TDO expression level, I measured the changes 
of body weights (BWs) during starvation (Figure 1A). At 24 h 
starvation, the BWs of mice decreased into 91% compared 
with normal states. At 48 h, the BWs decreased further 85%. 
Moreover, I assessed the histological analysis in liver with 
Periodic acid-Schiff (PAS) staining (Figure 1B).  
 
 

 
 

Figure 1A. 
 

 
 

Figure 1B. 
 
PAS is a staining method used to detect polysaccharides such 
as glycogen, and mucosubstances such as glycoproteins and 
glycolopids in tissues. Under normal state, liver section was 
sufficient for PAS positive. However, after 24 h starvation, 
PAS stain became notably weak. These findings show the 
starvation leads into depletion of glycogens and glycoproteins 
and so on. I investigated the hepatic TDO changes during 
starvation. At first, I studied the Tdo mRNA levels by using 
real-time RT-PCR. Comparing the normal controls, Tdo mRNA 
was increased at both 24 and 48h (Figure 2A). Furthermore, I 
analyzed the TDO protein expression at 24 and 48 h by 
Western blot, and found the increase of TDO protein levels by 
starvation (Figure 2B). I measured the band intensity of TDO 
normalized by -actin, and confirmed the significant difference 
(Figure 2B). Therefore, I conclude that starvation increases the 
hepatic TDO expression. 

 
 

Figure 2A. 
 

 
 

 
 

Figure 2B. 
 

DISCUSSION 
 
In recent year, the regulatory mechanisms for TDO expression 
become a focus field on many scientists. The hepatic TDO 
level was upregulated by starvation in the present study. The 
degradation of tryptophan is also catalyzed by the indoleamine 
2,3-dioxygenase  (IDO) (Prendergast et al., 2014). Both TDO 
and IDO catalyze the first and rate-limiting step of tryptophan 
oxidation yielding kynurenine, and a high degree of structural 
similarity in the area around the catalytic site, although they 
have no homology sequence (Zhang et al., 2007; Batabyal and 
Yeh, 2007). TDO and/or IDO contribute to tumor-associated 
immune suppression. Several tumors express TDO, such as 
bladder cancer, hepatocellular carcinoma, melanoma, a 
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glioblastoma (Opitz et al., 2011; Pilotte et al., 2012). TDO 
expression by tumors could prevent their rejection (Pilotte et 
al., 2012). On the other hand, IDO is upregulated by 
inflammatory cytokines such as type I and II interferons, and 
might control immune responses (Munn and Mellor, 2007). Of 
note, depletion of tryptophan induces signaling events in T 
cells, leading to anergy and apoptosis; however, active 
immunomodulation by accumulating tryptophan catabolites, 
most notably kynurenine, appears to play an equally important 
role (Platten et al., 2012). Therefore, kynurenine might be a 
key catabolite for dealing on starvation. One of amino acid 
sensors is the mechanistic target of rapamycin complex 1 
(mTORC1) (Laplante and Sabatini, 2012; Avruch et al., 2009). 
Activated mTORC1 regulates the protein synthesis (for cell 
proliferation, survival, and mobilization), lipogenesis, and 
autophagy (Laplante and Sabatini, 2012; Efeyan et al., 2013). 
Although the precise molecular mechanism by which mTORC1 
senses intracellular amino acids has not yet been fully 
elicdated, amino acid-dependent mTORC1 activation is known 
to require Rag GTPases (Efeyan et al., 2013;Sancak et al., 
2008; Kim et al., 2008) and vascular H+-ATPase (Zoncu et al., 
2011) on the lysosomal surface. Amino acids, particularly Leu 
and Arg, have been shown to activate mTORC1 (Hara et al., 
1998), but it remains unknown whether mTORC1 activation is 
involved in sensing other amino acids including tryptophan. 
TDO induction might decrease intracellular tryptophan. 
Therefore, decreased tryptophan could suppress the mTORC1 
activity, and inhibit the cell proliferation. Additionally, upon 
nutrient starvation, autophagy is induced to promote cell 
survival (Takeshige et al., 1992; Tsukada and Ohsumi, 1993). 
Therefore, tryptophan deprivation could lead into autophagy 
activation, and bring about cell survival.  
 
In summary, the mouse TDO increase during starvation in 
liver. TDO is an enzyme for tryptophan catabolism, and an 
increase of TDO expression means tryptophan depletion.  
Tryptophan depletion and/or its catabolism(s) could play 
important roles in liver and whole body during starvation. 
 
Acknowledgements 
 
This work was supported by grants from the Ministry of 
Education, Science, Technology, Sports and Culture of Japan 
(No. 14454911). 
 

REFERENCES 
 
Avruch J, Long X, Ortiz-Vega S, Rapley J, Papageorgiou A 

and Dai N. 2009. Amino acid regulation of TOR complex 
1. Am. J. Physiol.Endocrinol. Metab., 296: E592-E602.  

Badawy AA and Bano S. 2016. Tryptophan Metabolism in Rat 
Liver After Administration of Tryptophan, Kynurenine 
Metabolites, and Kynureninase Inhibitors. Int. J. 
Tryptophan Res., 9: 51-65. 

Batabyal D and Yeh SR. 2007. Humantryptophan 
dioxygenase:a comparison to indoleamine 2,3-dioxygenase. 
J. Am. Chem. Soc., 19: 15690-15701. 

Bender DA. 1983. Biochemistry of tryptophan in health and 
disease. Mol. Aspects Med., 6: 1-97.  

Danesch U, Gloss B, Schmid W, Schu ̈tz G, Schu ̈le R and 
Renkawitz R. 1987. Glucocorticoid induction of the rat 
tryptophan oxygenase gene is mediated by two widely 
separated glucocorticoid-responsive elements. EMBO J., 6: 
625-630.  

Efeyan A, Zoncu R, Chang S, Gumper, I, Snitkin H, Wolfson 
RL, Kirak O, Sabatini DD and Sabatini DM. 2013. 
Regulation of mTORC1 by the Rag GTPases is necessary 
for neonatal autophagy and survival. Nature, 493: 679-683.  

Hara K, Yonezawa K, Weng QP, Kozlowski MT, Sancak Y 
and Sabatini DM. 1998. Amino acid sufficiency and mTOR 
regulate p70 S6 kinase and eIF-4E BP1 through a common 
effector mechanism. J. Biol. Chem., 273: 14484-14494.  

Kanai M, Funakoshi H, Takahashi H, Hayakawa T, Mizuno S, 
Matsumoto K andNakamura T. 2009. Tryptophan 2,3-
dioxygenase is a key modulator of physiological 
neurogenesis and anxiety-related behaviour in mice. Mol. 
Brain, 2: 8.  

Kato T, Mizuno S and Ito A. 2014. A Decrease in Glomerular 
Endothelial Cells and Endothelial-mesenchymal Transition 
during Glomerulosclerosis in the Tensin2-deficient Mice 
(ICGN strain). Acta. Histochem. Cytochem., 47: 265-271. 

Kato T, Mizuno S and Kamimoto M. 2010. The decreases of 
nephrin and nuclear WT1 in podocytes may cause 
albuminuria during the experimental sepsis in mice. 
Biomed. Res., 31: 363-369. 

Kim E, Goraksha-Hicks P, Li L, Neufeld TP and Guan KL. 
2008. Regulation of TORC1 by Rag GTPases in nutrient 
response. Nat. Cell Biol., 10:935-45.  

Laplante M and Sabatini DM. 2012. mTOR signaling in 
growth control and disease. Cell, 149: 274-293.  

Munn DH and Mellor AL. 2007. Indoleamine 2,3-dioxygenase 
and tumor-induced tolerance. J. Clin. Invest., 117: 1147-
1154. 

Nakamura T, Niimi S, Nawa K, Noda C, Ichihara A, Takagi Y, 
Anai M andSakaki Y. 1987. Multihormonal regulation of 
transcription of the tryptophan 2,3-dixygenase gene in 
primary cultures of adult rat hepatocytes with special 
reference to the presence of a transcriptional protein 
mediating the actin of glucocorticoids. J. Biol. Chem., 262: 
727-733.  

Nakamura T, Shinno H and Ichihara A. 1980. Insulin and 
glucagons as a new regulator system for tryptophan 
oxygenase activity demonstrated in primary cultured rat 
hepatocytes. J. Biol. Chem., 255: 7533-7535.  

Niimi S, Nakamura T, Nawa K and Ichihara A. 1983. 
Hormonal regulation of translatable mRNA of tryptophan 
2,3-dioxygenase in primary cultures of adult rat 
hepatocytes. J. Biochem., 94: 1697-1706.  

Opitz CA, Litzenburger UM, Sahm F, Ott M, Tritschler I, 
Trump S, Schumacher T, Jestaedt L, Schrenk D, Weller M, 
Jugold M, Guillemin GJ, Miller CL, Lutz C, Radlwimmer 
B, Lehmann I, von Deimling A, Wick W andPlatten M. 
2011. An endogenous tumour-promoting ligand of the 
human aryl hydrocarbon receptor. Nature, 478: 197-203. 

Pilotte L, Larrieu P, Stroobant V, Colau D, Dolusic E, 
Frederick R, De Plaen E, Uyttenhove C, Wouters J, 
Masereel B andVan den Eynde BJ. 2012. Reversal of 
tumoral immune resistance by inhibition of tryptophan 2,3-
dioxygenase. Proc. Natl. Acad. Sci. U S A., 109:2497-2502. 

Platten M, Wick W andVan den Eynde BJ. 2012. Tryptophan 
catabolism in cancer: beyond IDO and tryptophan 
depletion. Cancer Res.72:5435-5440. 

Prendergast GC, Smith C, Thomas S, Mandik-Nayak L, Laury-
Kleintop L, Metz R and Muller AJ. 2014. Indoleamine 2,3-
dioxygenase pathways of pathogenic inflammation and 
immune escape in cancer. Cancer Immunol. Immunother., 
63:721-735. 

Sancak Y, Peterson TR, Shaul YD, Lindquist RA, Thoreen CC, 
Bar-Peled L and Sabatini DM. 2008. The Rag GTPases 

43135                                         International Journal of Current Research, Vol. 08, Issue, 12, pp.43133-43136, December, 2016 



bind raptor and mediate amino acid signaling to mTORC1. 
Science, 320:1496-1501.  

Takeshige K, Baba, M, Tsuboi S, Noda,T and Ohsumi,Y. 
1992. Autophagy in yeast demonstrated with proteinase-
deficient mutants and conditions for its induction. J. Cell 
Biol., 119:301-311. 

Tsukada M and Ohsumi Y. 1993. Isolation and 
characterization of autophagy-defective mutants of 
Saccharomyces cerevisiae. FEBS Lett. 333:169-174  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zhang Y, Kang SA, Mukherjee T, Bale S, Crane BR, Begley 
TP andEalick SE. 2007. Crystal structure and mechanism 
of tryptophan 2,3-dioxygenase, a heme enzyme involved in 
tryptophan catabolism and in quinolinate biosynthesis. 
Biochemistry, 46:145-155.  

Zoncu R, Bar-Peled L, Efeyan A, Wang S, Sancak 
YandSabatini DM. 2011. mTORC1 senses lysosomal 
amino acids through an inside-out mechanism that requires 
the vacuolar H(+)-ATPase. Science, 334: 678-683.  

******* 

43136                                                              Takashi Kato, TDO expression increases during starvation in mouse liver 


