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Very High Quinolinate & Picolinate Signal Strong Activation of The Kynurenine 
Pathway; Secondary to Cell-Mediated Immune Activation. Over-Stimulation of 
The Kynurenine Pathway Can Diminish Tryptophan Levels To The Point That 

T-Cell Responses Are Inhibited; Leading to Poor Prognosis in Leukemia Patients

perspective
IONTM Profile in Patient with Chronic 
Lymphocytic Leukemia (CLL)
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A 63 year old female with CLL was recommended to undertake an IONTM Profile by her referring doctor as 
part of a work-up for a comprehensive nutritional treatment program. Other relevant pathology included: raised 
liver enzymes; high anion gap; low platelet white cells, neutrophils and lymphocyte counts; all consistent 
with active CLL. Symptom wise, the main complaints consisted of: fatigue; poor concentration, memory and 
comprehension; joint pain; weakness; leg cramps; dry skin; poor night vision; itchy eyes and swollen eye lids; 
blurred vision; bloated & belching; shortness of breath and frequent urination. 

Quinolinate & Picolinate
Quinolinate and picolinate are the two highest markers on the patient’s IONTM Profile. Quinolinate is over 5 
times the upper 95% reference interval whereas picolinate is over 3 times the upper 95% reference interval.

Kynurenine Pathway
In order to understand the significance of raised quinolinate and picolinate levels, it is useful to consider the 
abbreviated diagram of the kynurenine pathway below.
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IDO Is The Key
The preceding diagram shows IDO as the key inducer of tryptophan degradation in the kynurenine pathway. 
Indeed, IDO is the ‘rate-limiting’ enzyme for the kynurenine pathway and is expressed in a variety of tissues.1 It 
is highly induced by bacterial and viral infection, which is mediated mainly by IFN-g.2-4 This results in increased 
tryptophan degradation along the kynurenine pathway. The tryptophan degradation induced by IDO during 
infection plays a role in the defense mechanism against the infectious pathogens. It results in tryptophan 
depletion that in turn suppresses the growth of many types of viruses, parasites and infectious bacteria.1 

Systemic IDO Induction Causes Dangerous Systemic Tryptophan Depletion
In most cases of infection, the induction of IDO is limited to the tissues infected with the pathogens.1 For 
example, during a pulmonary infection with an influenza virus, the IDO induction is limited to the lung.5 This 
localized effect suppresses the growth of the pathogens through IDO-mediated tryptophan deprivation in 
the infected area. However, in the  case of malignant tissue growth or leukaemia, there is often a systemic 
induction of IDO, whereby the resulting tryptophan deprivation can affect all tissues.1 This can lead to a 
decreases in the synthesis of serotonin, with resulting symptoms of depression6, 7, anxiety8 and IBS8, 9, all of 
which have been linked to activation of IDO. 

From the very high levels of quinolinate and picolinate, we might expect systemic levels of tryptophan to be 
diminished in this patient. The IONTM Profile includes the 20 Plasma - Amino Acid Analysis so we are able 
to see the extent to which induction of IDO is affecting plasma levels of tryptophan. Above we can see that 
tryptophan is the only essential amino acid below the 95% reference interval, indicating significant depletion. 
The patient reports mild depression, anxiety and diarrhea, which indicates she may be in the early stages of 
tryptophan depletion. If strong induction of IDO is allowed to continue, we might expect these symptoms to 
worsen. Many other essential amino acids are low, which suggests the patient’s protein intake and absorption 
is compromised. Muscle tissue catabolism secondary to leukemia may also be a factor as low threonine levels 
have been linked to heightened catabolism. 

Escape of Tumor Cells From Immune Surveillance By IDO Expression
Immune escape is a crucial property of cancer progression. Researchers have established that most human 
malignant tumor cells express IDO.10 Animal models of cancer have demonstrated that tumours expressing 
a high level of IDO effectively escape the immune surveillance of the host by degrading local tryptophan, 
which in turn inhibits T-cell responses.10 As such, the extent of IDO expression in tumor cells can be used as a 
prognostic tool.1 The very high levels of quinolinate and picolinate on this patient’s result are cause for concern 
and suggest the leukemia may not be responding to treatment as well as hoped.

Neurotoxic Quinolinate
Some of the intermediate metabolites of the kynurenine pathway are neuroactive. Of these, much attention 
has been focused on quinolinate. When injected intracerebrally, quinolinate has been shown to cause neural 
death.11, 12 This toxicity is due to the activation of the sub population of neural glutamate receptors sensitive 
to N-methyl-D-aspratate (NMDA).13 Quinolinate has been shown to accumulate within the brain in a broad 
spectrum of patients with inflammatory neurological diseases.1 Due to its effect on NMDA receptors, patients’ 
with high quinolinate will often complain of insomnia, as is the case for this patient. 
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Quinolinate & Oxidative Stress
Given that induction of IDO is an inflammatory response of the cell-mediated immune system, elevation of 
kynurenine pathway intermediates is often accompanied by oxidative stress. Indeed, some of the intermediates 
of the kynurenine pathway, such xanthurenate and quinolinate, have been shown to be strong pro-oxidants. 
Studies have linked high levels of these intermediates with high levels of the DNA oxidative damage marker, 
8-hydroxy-2’-deoxyguanosine.14 The pro-oxidant effects of induction of the kynurenine pathway are also 
evident in this patient with the raised 8-hydroxy-2’-deoxyguanosine. This suggests it would be prudent for the 
clinician to use antioxidant therapy in conjunction with anti-inflammatory agents to stem induction of IDO.

Botanical Treatment of IDO
In light of the newly discovered role IDO plays in the regulation of the body’s inflammatory response, a number 
of studies have explored the efficacy of certain noted anti-inflammatory botanical extracts or actives. Active 
components of turmeric,15, 16 green tea,17 garlic,18 st john’s wort,19 rosemary,20 cinnamon,21 chocolate22 and even 
beer23 have been shown to inhibit the expression of IDO in different capacities. Turmeric is one of the botanicals 
with a number of studies demonstrating  its efficacy in stemming IDO expression. Such a botanical could be 
considered as a possible adjunctive treatment for this patient.

Ammonia Overload & Asparaginase
Markers from the 20 Plasma - Amino Acid Analysis and OrganixTM Profile suggest the patient has a 
derangement in their ammonia metabolism and detoxification. High levels of ornithine combined with high 
orotate indicate the patient’s ability to detoxify ammonia via the urea cycle is impaired. 

Use of the drug, asparaginase might explain some of these findings. Asparaginase is an enzyme that catalyses 
the hydrolysis of asparagine to aspartic acid and ammonia. Asparaginase is often given as a chemotherapeutic 
agent to patients with leukemia.24 It takes advantage of the fact that all leukemic cells are unable to synthesize 
the nonessential amino acid asparagine, and therefore have to depend on circulating asparagine for supply. 
Asparaginase, however, catalyses the conversion of L-asparagine to aspartic acid and ammonia. This 
deprives the leukemic cell of circulating asparagine. It is not known whether the patient had used or is using 
asparaginase as a chemotherapeutic agent.

Calcium D-Glucarate and Urinary Glucarate
The very high urinary glucarate exhibited by this patient is normally a sign of liver induction due to prescription 
drugs/medication, which undergo extensive first-pass hepatic metabolism.25 However, the patient did not 
list any medications on her accompanying Personal Health Assessment form when submitting the specimen. 
The patient was, however, taking calcium D-glucarate which is known to elevate urinary calcium D-glucarate 
levels.26

Potassium & Magnesium
Another abnormality on this patient’s IONTM Profile are low levels of potassium and magnesium. Low 
potassium levels have been documented in numerous studies of leukaemia patients including patients with 
CLL.27 It is thought this may be due to kidney dysfunction, which is a common feature in leukemia patients.28 
The referring clinician may want to prescribe potassium supplements to offset the deficiency. The patient 
reports to be taking magnesium, however, her levels are still suboptimal. The referring clinician might suggest 
the patient increase her daily dose. 
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Summary
High levels of quinolinate and picolinate on this patient’s test signify that there is strong induction of IDO by IFN-g. 
Quinolinate levels in cancer and leukemia patients can serve as a useful prognostic tool, with high quinolinate 
levels correlated with poor treatment prognosis.1 Pharmceutical, nutritional or botanical adjunctive treatments 
aimed at suppressing IDO activity should be a major consideration for the patient. Ongoing monitoring of the 
kynurenine pathway via follow up OrganixTM Profile testing will be important to monitor treatment efficacy.

Functional CoQ10 Deficiency
Elevation of succinate and hydroxymethyglutarate are specific indicators of a functional CoQ10 deficiency. A statin 
drug by the name of Lovastatin is commonly used to treat acute myeloid leukaemia,29 however, it is not know 
whether such medication has been previously used by this patient. Excluding this, the deficiency may simply be 
due to oxidative stress secondary to the CLL. 

Functional Carnitine Deficiency
The last significant abnormality to highlight is a functional deficiency of carnitine as revealed by a very high level of 
adipate. Studies in children and adolescents with leukaemia have shown levels of carnitine to be depressed in the 
early stages of disease.30 Thus, supplementation with carnitine may be warranted.

References

1. Takikawa O. Clinical aspects of indoleamine 2,3-dioxygenase (IDO)-initiated tryptophan metabolism: IDO is a target of drug discovery for various 
diseases. International Congress Series. 2007;1304:290-297.

2. Takikawa O. Biochemical and medical aspects of the indoleamine 2,3-dioxygenase-initiated L-tryptophan metabolism. Biochemical and 
Biophysical Research Communications. 2005;338:12-19.

3. Takikawa O, et al. Mechanism of interferon-gamma action. Characterization of indolaeamine 2,3-dioxygenase in cultured human cells induced 
by interferon-gamma and evaluation of the enzyme-mediated tryptophan degradation in its anticellular activity. The Journal of Biological Chemistry. 
1988;263:2041-2048.

4. Takikawa O, et al. Interferon-gamma-dependent/independent expression of indoleamine 2,3-dioxygenase. Studies with interferon-gamma-
knockout mice. Advances in Experimental Medicine & Biology. 1999;467:553-557.

5. Yoshida R, et al. Induction of 2,3-dioxygenase in mouse lung during virus infection. Proceedings of the National Academy of Sciences of the United 
States of America. 1979;76:4084-4086.

6. Widner B, et al. Neopterin production, tryptophan degradation, and mental depression - what is the link? Brain, Behavior, and Immunity. 
2002;16:590-595.

7. Wichers MC & Maes M. The role of indoleamine 2,3-dioxygenase (IDO) in the pathophysiology of interferon-a-induced depression. Journal of 
Psychiatry & Neuroscience. 2004;29(1):11-17.

8. Fitzgerald P, et al. Tryptophan catabolism in females with irritable bowel syndrome: relationship to interferon-gamma, severity of symptoms and 
psychiatric co-morbidity. Neurogastroenterology and Motility. 2008;20(12):1291-1297.

9. Clarke G, et al. Tryptophan degradation in irritable bowel syndrome: evidence of indoleamine 2,3-dioxygenase activation in a male cohort. BMC 
Gastroenterology. 2009;9(6):1-7.

10. Uyttenhove C et al. Evidence for a tumoral immune resistance mechanism based on tryptophan degradation by indoleamine 2,3-dioxygenase. 
Nature Medicine. 2003;9:1269-1274.

11. Schwarcz R, et al. Quinolinic acid: an endogenous metabolite that produces axion-sparing lessions in rat brain. Science. 1983;219:316-318.

12. Kim JP, et al. Quinolinate neurotoxicity in cortical cell culture. Neuroscience. 1987;23:423-432.

13. Stone TW, et al. Quinolinic acid: a potent endogenous excitant at amino acid receptors in CNS. European Journal of Pharmacology. 1981;72:411-
412.

14. Murakami K, et al. Prooxidant action of xanthurenic acid and quinoline compounds: role of transition metals in the generation of reactive oxygen 
species and enhanced formation of 8-hydroxy-2’-deoxyguanosine in DNA. Biometals. 2006;19(4):429-35.

15. Jeong YI, et al. Curcumin suppresses the induction of indoleamine 2,3-dioxygenase by blocking the janus-activated kinase-protein kinase Cy-
STST1 signaling pathway in interferon-g-stimulated murine dendritic cells. The Journal Of Biological Chemistry. 2009;284(6):3700-8.

16. Zhang K, et al. Curcumin inhibiting the expression of indoleamine 2,3-dioxygenase induced by IFN-gamma in cancer cells. Zhong Yao Cai. 2008 
;31(8):1207-1211.

17. Cheng CW, et al. Indoleamine 2,3-dioxygenase, an immunomodulatory protein, is suppressed by (-)-epigallocatechin-3-gallate via blocking of 
gamma-interferon-induced JAK-PKC-delta-STAT1 signaling in human oral cancer cells. Journal of Agricultural and Food Chemistry. 2010;58(2):887-
94.

18. Nikoo S, et al. The 14kDa protein molecule isolated from garlic suppresses indoleamine 2, 3-dioxygenase metabolites in mononuclear cells in 
vitro. Iranian Journal of Allergy, Asthma & Immunology. 2008; 7(4):203-208.

19. Winkler C, et al. St. John’s wort (Hypericum perforatum) counteracts cytokine-induced tryptophan catabolism in vitro. Biological Chemistry. 2004 



N E W  P R O D U C T

 Perspective: IONTM Profile in Patient with Chronic Lymphocytic Leukemia

;385(12):1197-1202.

20. Lee HJ, et al. Rosmarinic acid inhibits indoleamine 2,3-dioxygenase expression in murine dendritic cells. Biochemical Pharmacology. 
2007;73(9):1412-21.

21. Kim SI, et al. p-Coumaric acid inhibits indoleamine 2, 3-dioxygenase expression in murine dendritic cells. International Immunopharmacology. 
2007;(6):805-15.

22. Jenny M, et al. Cacao extracts suppress tryptophan degradation of mitogen-stimulated peripheral blood mononuclear cells. Journal of 
Ethnopharmacology. 2009;122(2):261-267.

23. Winkler C, et al. Beer down-regulates activated peripheral blood mononuclear cells in vitro. International Immunopharmacology. 2006;6: 390– 
395.

24. Piatkowska-Jakubas B, et al. Use of L-asparaginase in acute lymphoblastic leukemia: recommendations of the Polish Adult Leukemia Group. 
Polskie Archiwum Medycyny Wewnetrznej. 2008;118(11):664-669.

25. Mirimoto S, et al. Significance of urinary glucaric acid measurement and its application to paclitaxel therapy. Cancer & Chemotherapy. 
2009;36(11):1857-1861.

26. Walaszek Z, et al. Metabolism, uptake, and excretion of a D-glucaric acid salt and its potential use in cancer prevention. Cancer Detection & 
Prevention. 1997;21(2):178-90.

27. Chandra P, et al. Correlation of total body potassium and leukemic cell mass in patients with chronic lymphocytic leukemia. Blood. 
1979;53(4):594-603.

28. Lentaigne C, et al. Chronic lymphocytic leukemia can cause acute renal failure even in early stage patients. Leukemia & Lymphoma. 
2010;51(2):333-334.

29. Lewis KA, et al. Lovastatin alters the isoprenoid biosynthetic pathway in acute myelogenous leukemia cells in vivo. Leukemia Research. 
2005;29(5):527-533.

30. Rogalidou M, et al. Serum carnitine levels in childhood leukemia. Journal of Pediatric Oncology/Hematology. 2010;32(2):e61-e69.


