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NUDT15

NUDT15 Genotype

Department of Laboratory Medicine 
Mina Lee, M.D 

Fig. 2. NUDT15

NUDT15

 diplotypes in worldwide populations.

Ref) Nat Genet. 2016 Apr;48(4):367-373.

 Fig. 3.               haplotype structures and frequencies in East Asian populations

Ref) J Gastroenterol. 2018 Feb;53(2):172-180.

Diplotype frequency (%) *1/*1 *1/*2 *1/*3 *1/*4 *1/*5 *2/*3 *3/*3 *1/*6 *2/*5 *3/*6

African (N = 655) 99.5 0.0 0.2 0.0 0.0 0.0 0 0.3 0 0

American (N = 341) 90.0 6.7 0.9 1.5 0.0 0.6 0 0.3 0 0

East Asian (N = 504) 77.4 5.8 9.7 0.2 2.6 1.0 0.6 2.4 0.2 0.2

European (N = 495) 99.0 0.0 0.4 0.0 0.0 0.0 0 0.6 0 0

South Asian (N = 477) 86.4 0.0 12.6 0.0 0.2 0.0 0.4 0.4 0 0

A

B Exon1

*1

p.Val18_Val19insGlyVal p.Arg139Cys
*2

p.Arg139Cys
*3

p.Arg139His
*4

p.Val18lle
*5

p.Val18_Val19insGlyVal
*6

Exon2 Exon3

Fig. 1. Thiopurine metabolism and transportation.

Ref) J Gastroenterol. 2018 Feb;53(2):172-180.
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New test Understanding NUDT15 genotype testing

(Nudix hydrolase 15) is a nucleoside 

Thiopurine drugs include mercaptopurine (6-MP), azathioprine (AZA, a prodrug), and thioguanine. 6-MP and AZA are 
typically prescribed for nonmalignant immunologic disorders and 6-MP and thioguanine are mainly prescribed for 
lymphoid malignancies and myeloid leukemia, respectively. Thiopurine methyltransferase                is known to be an 
enzyme crucial for the metabolism of thiopurine drugs. As such, tests identifying variants of TPMT gene have been 
widely used to predict adverse effects associated with thiopurine drugs (myelosuppression, hepatotoxicity, allergic 
reaction, etc.).

According to a study conducted with a Korean patient population, the frequency of              variants is reported 3.3%. 
*3C (2.8%) took up the largest percentage among the variants, and other reported genotypes include *6, *32, and 
*38. Despite the fact that Asians report lower             variant frequencies than Caucasians (Caucasians: 8.1%‒10.1%; 
Koreans: 2.4%‒4.2%), no significant difference has been found between the two groups in terms of side effects 
associated with thiopurine drugs. In addition, side effects associated with the drugs have been reported by patients 
with wild type             These findings suggest the existence of other factors than              Many researchers have 
attempted to elucidate these non-            factors. In 2014, Yang et al. finally published their findings that revealed the 
correlation between                  genetic variant and the adverse effects of thiopurine drugs. As a result of their research, 
the Clinical Pharmacogenetics Implementation Consortium (CPIC) included an instruction in its guidelines requiring 
testers to verify                   variant as well as TPMT when using thiopurine drugs.

diphosphate that converts cytotoxic thioguanine 
triphosphate (TGTP) metabolites into non-toxic 
thioguanine monophosphate (TGMP). If a genetic 
variant exists that may affect the enzyme’s 
activity, it disrupts the conversion process to 
TGMP, which in turn raises the concentration of 
cytotoxic TGTP. This leads to the formation of 
DNA-TG (the primary anti-leukemic metabolite), 
thereby causing DNA damage and apoptosis, and 
results in adverse effects in patients including 
myelosuppression.

Unlike             , the frequency of                   variant is higher among Asians (Americans: 10.0%; East Asians: 22.6%). The 
frequency of intermediate-activity genotypes (heterozygote for *2, *3, *4, *5, and *6) and low-activity genotypes 
(homozygote or compound heterozygote for *2, *3, *4, *5, and *6) are known to be 22.7% and 2.1%, respectively.

(TPMT)

TPMT

TPMT

TPMT

TPMT

TPMT. TPMT.
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Understanding NUDT15 genotype testing

Assignment of likely             phenotypes based on genotypes
Likely Phenotype Genotypes Examples of diplotypes
Normal metabolizer an individual carrying normal function alleles *1/*1

Intermediate metabolizer an individual carrying one normal function allele PLUS one no 
function allele

*1/*2, *1/*3A, *1/*3B, *1/*3C, 
*1/*4

Possible Intermediate metabolizer an individual carrying one uncertain/unknown function allele PLUS 
one no function allele *2/*8, *3A/*7

Poor metabolizer an individual carrying two no function alleles *3A/*3A, *2/*3A, *3A/*3C, 
*3C/*4, *2/*3C, *3A/*4

Indeterminate
An individual carrying two uncertain/unknown function alleles 
OR 
one normal function allele plus one uncertain allele function allele

*6/*8
*1/*8

Assignment of likely                   phenotypes based on genotypes
Normal metabolizer an individual carrying two normal function alleles *1/*1

Intermediate metabolizer an individual carrying one normal function allele PLUS one no 
function allele *1/*2, *1/*3

Possible Intermediate metabolizer an individual carrying one uncertain function allele PLUS one no 
function allele *2/*5, *3/*6

Poor metabolizer an individual carrying two no function alleles *2/*2, *2/*3, *3/*3

Indeterminate
one normal function allele PLUS one uncertain function allele 
OR 
two uncertain function alleles

*1/*4, *1/*5
*4/*5, *5/*6

Ref) Clin Pharmacol Ther. 2019 May;105(5):1095-1105.

Table 1. Assignment of likely               and                      phenotypes based on genotypes 

Table 2. Distribution of predicted                      phenotypes on the basis of genotypes  

Table 3. Recommended Doses of Thiopurines by                        phenotype 

References Ethnicity Number of 
participants

Normal activity 
(*1/*1 ) [n (%)]

Intermediate activity (*1/*2 b, 
*1/*3, *1/*4, *1/*5, *1/*6 ) 

[n (%)]

Low activity (*2/*3, *2/*4, *2/*5, *2/*6, *3/*4, 
*3/*5, *3/*6 b, *4/*5, *4/*6, *5/*6 ) [n (%)]

Yang et al. [6]a

Shah et al. [8] a

Chiengthong et al.
    [10] a

Yang et al. [5]a

Moriyama et al. [7]

This study

East Asian
Hispanic

European
Indian
Thai

Korean
Guatemalan
Singaporean

Japanese
Korean

61
222
205

69
82

978
139
60
22

920

50
205
204

60
70

788
139
60
22

692

(82.0)
(92.3)
(99.5)
(87.0)
(85.4)

(80.6)
(87.4)
(75.9)
(68.8)
(75.2)

10
16

1
8

10

176
19
17
9

209

(16.4)
(7.2)
(0.5)
(11.6)
(12.2)

(11.9)
(18.0)

(21.5)
(28.1)
(22.7)

1 (1.6)
1 (0.5)
0 (0.0)
1 (1.4)
2 (2.4)

14 (1.4)
1 (0.6)
2 (2.5)
1 (3.1)

19 (2.1)

Normal activity was assigned when both NUDT15 alleles were *1/*1 , intermediate activity was assigned to a heterozygous single variant with one 
prototype allele (e.g. *1/*3 ), and low activity was assigned when both alleles were variants (e.g. *2/*3).
aOnly the p.Arg139Cys variant was tested.
bOur genotyping methods itself cannot distinguish haplotype *1/*2 *3/*6  by design. Haplotypes were inferred using the PHASE 2.1.1 software [9].

Ref) Pharmacogenet Genomics. 2017 May;27(5):197-200.

TPMT and NUDT15  genotypes known

TPMT Normal Metabolizer (NM)

NUDT15 NM

Use standard dose Dose reduction 
recommended

See NUDT15 PM 
recommendation

Consider dose
reduction

See TPMT IM 
recommendation

Dose reduction
recommended 

See TPMT IM and 
NUDT15 IM 

recommendation

NUDT15 NM NUDT15 NM

TPMT Intermediate Metabolizer (IM)

NUDT15 IM

Consider dose reduction
See NUDT15 IM 

recommendation

Dose reduction recommended
See NUDT15 PM 
recommendation

NUDT15 IM NUDT15 IM

Dose reduction recommended 
See TPMT PM recommendation

TPMT Poor Metabolizer (PM)

NUDT15 PM NUDT15 PM NUDT15 PM

Fig. 4. Recommended Starting Doses of Thiopurines by          and                phenotype

Ref) Clin Pharmacol Ther. 2019 May;105(5):1095-1105.

Mercaptopurine Azathioprine Thioguanine

Phenotype

Implications 
for thiopurine 
phenotypic 
measures

Dosing 
recommendations 
for mercaptopurine

Classification 
of strong

Dosing 
recommendations for 
azathioprine

Classification of 
recommendations

Dosing 
recommendations for 
thioguanine

Classification of 
recommendations

                  Normal 
metabolizer

Normal risk 
of thiopurine-
related leukopenia, 
neutropenia, 
myelosuppression

Start with normal 
starting dosea (e.g., 
75mg/m2/day or 
1.5mg/kg/day) and 
adjust doses of 
mercaptopurine 
(and of any other 
myelosuppressive 
therapy) without any 
special emphasis 
on mercaptopurine 
compared to other 
agents. Allow at least 
2 weeks to reach 
steady-state after 
each dose adjustment 
(4, 27, 30).

Strong Start with normal 
starting dosea (e.g., 
2‒3 mg/kg/day) 
and adjust doses of 
azathioprine based 
on disease-specific 
guidelines. Allow 
2 weeks to reach 
steady-state after 
each dose adjustment 
(4, 30, 37).

Strong Start with normal 
starting dosea (40‒60 
mg/day). Adjust 
doses of thioguanine 
and of other 
myelosuppressive 
therapy without any 
special emphasis 
on thioguanine. 
Allow 2 weeks to 
reach steady-state 
after each dose 
adjustment (4, 16).

Strong
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New test

The phenotypes based on genotypes are grouped into intermediate metabolizers (*1/*2, *1/*3), possible intermediate 
metabolizers (*2/*5, *3/*6), poor metabolizers (*2/*2, *2/*3, *3/*3), and indeterminate metabolizers (*1/*4, *1/*5, 
*4/*5, *5/*6).

In case of patients with intermediate/possible intermediate metabolizers, it is recommended to reduce the drug’s 
dose by 30% to 50%. For patients with poor metabolizers, an alternative therapy or drastic dose reduction (to less 
than 10%) is recommended. 

TPMT NUDT15

TPMT

NUDT15

NUDT15

TPMT NUDT15

NUDT15

NUDT15



Understanding NUDT15 genotype testingNew test

Cautions for Result AnalysisMercaptopurine Azathioprine Thioguanine

Phenotype

Implications 
for thiopurine 
phenotypic 
measures

Dosing 
recommendations 
for mercaptopurine

Classification 
of strong

Dosing 
recommendations for 
azathioprine

Classification of 
recommendations

Dosing 
recommendations for 
thioguanine

Classification of 
recommendations

NUDT15 
Intermediate
metabolizer 
OR 
Possible NUDT15 
Intermediate
metabolizer

Increased risk 
of thiopurine-
related leukopenia, 
neutropenia, 
myelosuppression

Start with reduced 
starting doses (30% -
80% of normal dose) if 
normal starting dosea

is ≥75 mg/m /day or 
≥1.5 mg/kg/day (e.g. 
start at 25‒60 mg/m2

2

/
day or 0.45‒1.2 mg/kg/
day) and adjust doses 
of mercaptopurine 
based on degree of 
myelosuppression 
and disease-specific 
guidelines. Allow 
2‒4 weeks to reach 
steady-state after 
each dose adjustment. 
If myelosuppression 
occurs, and depending 
on other therapy, 
emphasis should be on 
reducing mercaptopurine 
over other agents (4, 11, 
15, 24, 25, 27, 30, 38, 
39). If normal starting 
dose is already < 75mg/
m2/day or <1.5mg/kg/
day, dose reduction may 
not be recommended.

Strong Start with reduced 
starting doses (30%-
80% of normal dose) if 
normal starting dosea

is 2‒3 mg/kg/day, 
(e.g. 0.6 ‒ 2.4 mg/
kg/day), and adjust 
doses of azathioprine 
based on degree of 
myelosuppression 
and disease-specific 
guidelines. Allow 
2‒4 weeks to reach 
steady-state after 
each dose adjustment 
(4, 30, 37, 38).

Strong Start with reduced 
doses (50% to 80% 
of normal dose) if 
normal starting dose a

is ≥40‒60 mg/m2/
day (e.g. 20‒48 mg/
m2/day) and adjust 
doses of thioguanine 
based on degree of 
myelosuppression 
and disease-specific 
guidelines. Allow 
2‒4 weeks to reach 
steady-state after 
each dose adjustment. 
If myelosuppression 
occurs, and depending 
on other therapy, 
emphasis should be on 
reducing thioguanine 
over other agents (4, 
16).

Moderate

NUDT15 Poor
metabolizer

Greatly increased 
risk of thiopurine-
related leukopenia, 
neutropenia, 
myelosuppression

For malignancy, initiate 
dose at 10 mg/m2/day
and adjust dose based 
on myelosuppression 
and disease-specific 
guidelines. Allow 
4‒6 weeks to reach 
steady state after each 
dose adjustment. If 
myelosuppression 
occurs, emphasis 
should be on reducing 
mercaptopurine over 
other agents.For non-
malignant conditions, 
consider alternative 
non-thiopurine 
immunosuppressant 
therapy (4, 26, 30, 38).

Strong For non-malignant 
conditions, 
consider alternative 
non-thiopurine 
immunosuppressant 
therapy .For malignant 
conditions, start with 
drastically reduced 
normal daily doses a

(reduce daily dose by 
10-fold) and adjust 
doses of azathioprine 
based on degree of 
myelosuppression 
and disease-specific 
guidelines. Allow 
4‒6 weeks to reach 
steady-state after 
each dose adjustment 
(28, 30, 37, 38, 40).

Strong Reduce doses 
to 25% of normal 
dosea and adjust 
doses of thioguanine 
based on degree of 
myelosuppression 
and disease-specific 
guidelines. Allow 4‒6 
weeks to reach steady-
state after each dose 
adjustment. In setting 
of myelosuppression, 
emphasis should 
be on reducing 
thioguanine over other 
agents. For non-
malignant conditions, 
consider alternative 
non-thiopurine 
immunosuppressant 
therapy (4).

Strong

Ref) Clin Pharmacol Ther. 2019 May;105(5):1095-1105.

Name of test Specimen (mL) Test dates /
Days required Test methods Insurance

NUDT15  genotype [Sequencing]
(GC Labs code: N955) EDTA WB 3.0 Monday-Frida

 / 14 Days
Sanger 

sequencing 나580다 / C580640C

[Mandatory documents] Request for Molecular Genetic Testing, Genetic Testing Consent Form

* The testing information shown above was written on July 1, 2021. Please check (http://www.gclabs.co.kr) for further updates as 
details are subject to change.

Test information

Department of Laboratory Medicine 
Mina Lee, M.D. 

                     Tel: +82-1566-0131

Inquiries on testing

01.                     polymorphisms alter thiopurine metabolism and hematopoietic toxicity. Nat Genet. 2016 Apr;48(4):367-73. 

 esenapaJ ni stneve esrevda ereves decudni-enirupoiht gnitciderp rof rekram citenegocamrahp tseb eht si 931 nodoc  .20
patients with inflammatory bowel disease: a multicenter study. J Gastroenterol. 2018 Sep;53(9):1065-1078.

03.                     genotype distributions in the Korean population. Pharmacogenet Genomics. 2017 May;27(5):197-200.

 no desaB gnisoD enirupoihT rof enilediuG muitrosnoC noitatnemelpmI scitenegocamrahP lacinilC  .40 TPMT and NUDT15
Genotypes: 2018 Update. Clin Pharmacol Ther. 2019 May;105(5):1095-1105.

 fo noitacilppa lacinilc rof stcepsorp :aisA tsaE ni esaesid lewob yrotammalfni rof senirupoiht fo scitenegocamrahP  .50 NUDT15 
genotyping. J Gastroenterol. 2018 Feb;53(2):172-180.

References
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In the event that both 50_55dup and c.415C>T are found, both *1/*2 (intermediate metabolizers) and *3/*6 (Possible 
intermediate metabolizers) are possible. Most labs use the Sanger sequencing method for                  genotypes. 
However, the method cannot verify whether the two variants are located in different alleles.

However, in the event that both c.50_55dup and c.415C>T variants are observed at the same time, the phenotype is 
reported as *1/*2 for the following reasons: the same recommendation (30%‒50% dose reduction) applies to both 
intermediate metabolizers and possible Intermediate metabolizers; among East Asians, who report a high frequency 
of                     variant, the frequency of *1/*2 (6%) is higher than the frequency of *3/*6 (0.2%).

NUDT15

NUDT15

NUDT15

NUDT15

NUDT15



Department of Laboratory Medicine
Sungwook Song, M.D.

Clinical utility of Interleukin-6 testingFocus Ⅰ

Interleukin-6 (IL-6) 

Medical implications of IL-6

Fig. 2. Time-dependent change in various cytokines and CRP, procalcitonin after infection or damage

Ref) Clinica Chimica Acta 2002;323:17-29

Fig. 1. Pleiotropic activity of IL-6

Ref) Cancer Immunol Res 2014;2:288-294

Clinical utility of Interleukin-6 testing
(Interleukin-6, IL-6)
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IL-6 is normally undetected or maintained at a low level in the blood. Therefore, patients are suspected of having an 
inflammatory disease if its level is increased. An increased level of IL-6 is observed in many diseases. Therefore, it 
is used as a diagnostic measure to assess the disease’s level of risk or to predict prognosis. IL-6 levels are increased 
in patients with infection or sepsis and it is known that the level more rapidly increases and then decreases in the 
short term compared to other biomarkers (Fig. 2).

An increased IL-6 level could indicate current inflammation status, meaning possible systemic/local infection or 

it diagnostic for specific disease or disease progression. Therefore, an increased level of IL-6 should be interpreted 
chronic inflammatory disease. However, IL-6 is neither a marker that is specific to inflammatory reactions nor is 

based on the patient’s clinical symptoms. Moreover, even a normal level of IL-6 cannot exclude the possibility 
of a current inflammatory process.

Cytokine is a term for water soluble proteins 
that enable short-distance intercellular 
communication. Single cytokine can act 
on multiple types of cells, causing various 
effects, or multiple cytokines can cause the 
same effect. Interleukin is a cytokine that 
acts primarily on leukocytes, and there are 
over 100 different interleukins that have 
been discovered to date. Among these, 
IL-6 directly affects the immune response. 
It is instantly and temporarily increased as 
a reaction to infection or tissue damage, 
thereby activating the immune system. IL-6 
functions in various tissues and cell types 
(Fig. 1). IL-6 facilitates the differentiation of 
B cells, which helps with antibody production. 
It also affects hepatocytes to produce acute 
reactants such as CRP, fibrinogen, serum 
amyloid A, hepcidin, etc. In addition, IL-6 
affects bone marrow, where it stimulates 
differentiation and activity in osteoclasts, causing bone resorption. IL-6 can also affect various cells and organs, 
including the vascular endothelial cells, the endocrine system of the hypothalamic-pituitary-adrenal axis, and the 
neuropsychologic system.

analyses have shown that the IL-6 level indicates higher diagnostic accuracy compared to CRP, ESR or WBC levels. 
a negative prognosis. Moreover, IL-6 is involved in local infections, such as infections of artificial joints. Recent meta-

An increased IL-6 level is observed in numerous chronic inflammatory disease, with the main examples including 
rheumatoid arthritis, systemic lupus erythematosus (SLE), ankylosing spondylitis, Castleman disease, inflammatory 
bowel disease (IBD) and cardiac myxoma.
There is evidence that IL-6 is involved in the pathogenesis of certain chronic inflammatory disease. Tocilizumab 
is a monoclonal antibody which inhibits IL-6 function by binding to a IL-6 receptor, and it is a currently approved 
treatment for rheumatoid arthritis. In a randomized study, it has been reported that 50~60% of patients who were 
treated with tocilizumab in combination with methotrexate showed better clinical outcomes than patients treated 
with methotrexate alone.

Recent studies have reported that IL-6 is involved in the cytokine storms that occur in patients with COVID-19, 
affecting disease severity as well as prognosis. In one study, it was shown that an increased IL-6 serum concentration 
level can be used to predict whether invasive mechanical ventilation is required in severe cases of COVID-19, and that 
it may suggest an optimal phase for the administration of tocilizumab, resulting in the possibility of reduced intensive 
care unit demand. (Fig. 3).



Clinical utility of Interleukin-6 testingFocus Ⅰ

Fig. 3. IL-6 levels in COVID-19 patients at presentation, maximum level of IL-6 prior to mechanical ventilation, and ROC analysis of various 
parameters 

Ref) J Allergy Clin Immunol 2020;146:128-136

누749 / D7490003

Inquiries on testing

01. Korean Society for Laboratory Medicine, Laboratory Medicine 6th Edition. Seoul: Pammun education,2021:931-934

02. Lab Test Online (https://labtestonline.org/tests/interleukin-6

03. Meisner M. Pathobiochemistry and clinical use of procalcitonin. Clinica Chimica Acta 2002;323:17-29

04. Tanaka T. and Kishimoto T. The biology and medical implications of interleukin-6. Cancer Immunol Res 2014;2:288-294

 htiw noitibihni rotpecer 6-nikuelretni fo tceffE .la te .J yksnevoR ,.C sumeR-somaR ,.A htoR-trebbuR ,.A ueiluaeB ,S.J nelomS  .50
tocilizumab in patients with rheumatoid arthritis (OPTION study): a double-blind, placebo-controlled, randomized trial. Lancet 
2008;371(9617):987-997

 .la te .C zaiD-zednanreF ,.S osnolA-zehcnaS ,.A zenemiJ-socraM ,.E ojellaV-yoR ,.C.S aicraG-zeugirdoRj ,.M.J namoR-navlaG  .60
IL-6 serum levels predict severity and response to tocilizumab in COVID-19: An observational study. J Allergy Clin Immunol 
2021;147:72-80

 PRC dna 6-LI fo slevel detavelE .la te .M nodliaB-tlewgreB ,.C.J htumlleH ,.J.B htrowpiL ,.C hciernrA ,.V civoniruJ ,.T dlareH  .70
predict the need for mechanical ventilation in COVID-19. J Allergy Clini Immunol 2020;146:128-36
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Name of test Specimen (mL) Test dates /
Days required Test methods Insurance

 Interleukin-6 (ECLIA)
(GC Labs code: N129) Serum 0.5

Monday-Saturday
 / 1 Day

(Night inspection)
ECLIA 누749 / D7490003

* The testing information shown above was written on July 1, 2021. Please check (http://www.gclabs.co.kr) for further updates as 
details are subject to change.

Test information

Department of Laboratory Medicine, 
Sungwook Song, M.D.     

                   
  

Tel: +82-1566-0131



Department of Laboratory Medicine
Junhyung Lee, Sungeun Cho, M.D. & Ph.D.

Testing for 13 sets of heavy metals & minerals in the bloodFocus Ⅱ

Testing for 13 heavy metals 
& minerals in the blood

(trace element analysis)

Clinical significance of testing for heavy metals and minerals in blood

Fig. 2. Structure of ICP-MS

Ref) Analysis and Speciation of Lanthanoides by ICP-MS

Fig. 1. ICP-MS (Agilent 7900)

Ref) www.agilent.com

Trace element analysis using an inductively coupled plasma mass spectrophotometer
(ICP-MS)

Information on heavy metals and minerals in blood
1. Reference value (RV) for toxic heavy metals and the toxic exposure concentration

Interface
Ar

Sample

Ar

Rotary vane pump
(fore-vacuum)

Plasma 
torch

Coil Plasma

Turbopump
(high vacuum)

Computer

Ion detection unit

Mass analyzer

Lenses
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in daily products. Some heavy metals, such as iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), selenium (Se), and 
Heavy metals are specific metals with densities above 4.5. They exist in the natural environment and are widely used 

molybdenum (Mo) are essential minerals that are indispensable for the physiological function of the body, whereas 
arsenic (As), lead (Pb), mercury (Hg), cadmium (Cd), aluminum (Al), chromium (Cr), cobalt (Co), nickel (Ni) are toxic 
heavy metals that can cause severe metal poisoning if consumed in excess. Heavy metals that are absorbed via  
food or contamination of the environment are mostly excreted through digestion and metabolic process. 
Nevertheless, exposure to high levels of heavy metals results in their accumulation in tissues and organs, causing 
acute/chronic metal poisoning.

At GC Labs’ special biochemical testing lab at the Department of Laboratory Medicine, a cutting-edge inductively 
coupled plasma mass spectrometer (ICP-MS) testing device is used to conduct heavy metals and minerals in the 
blood. The ICP-MS method uses ICP to ionize the specimen by passing it through an electromagnetic field and 
to separate each element according to its mass to charge ratio in order to analyze the element of the specimen. 
Compared to the previous testing method, atomic absorption spectrometry (AAS), it has several advantages such as 
a shorter testing period, wider detection field, higher sensitivity with higher accuracy and the simultaneous detection 
of a wider selection of molecules. At our lab, we started trace element analysis using ICP-MS to detect various blood 
concentration levels of heavy metals and minerals at once and provide detailed reports on exposure to heavy metals 
and the status of essential minerals. In 2012, we initiated testing for 11 elements followed by 12 elements in 2015, 
and 13 elements including nickel in 2017.

For these, whole blood specimens are needed to trace toxic heavy metals such as arsenic (As), lead (Pd), mercury 
(Hg) and cadmium (Cd). For aluminum (Al), chromium (Cr), cobalt (Co) and nickel (Ni), serum specimens are needed. 
Serum specimens are also needed for trace minerals such as manganese (Mn), copper (Cu), zinc (Zn), selenium (Se) 
and molybdenum (Mo).

The concentration level of toxic heavy metals such as arsenic, lead, mercury, cadmium, aluminum and nickel that 
have no-known function in body should be as little as possible. But it is impossible in principle to completely 
block our body from being exposed to these elements. Therefore, levels can be evaluated in comparison with the 
average exposure levels in the same population. Reference value(RV) is the 0~95 percentile concentration in healthy 
adults. When the concentration is above this range, the exposure is considered to be greater than that for the same 
population. When RV is exceeded, there is a possibility of toxicity even when no immediate symptoms are observed. 
So, efforts should be made to reduce the level of exposure by changing environmental factors and food safety. 
Because most toxic heavy metals are in competition with essential minerals, absorption and supplementation with 
optimal amounts of essential minerals not only prevents absorption of heavy metals, also helps the body excrete 
them. Chromium and cobalt are known to play functions in our body, and deficiency can produce symptoms. 
However, precautionary measures are needed since there is a higher chance of over-exposing the body to these 
elements rather than being deficient in healthy adults. In particular, blood concentration levels of chromium and 
cobalt are high in patients with metal-on-metal artificial joint replacements. The wear and corrosion of artificial 
joints can be indirectly assessed by analyzing the blood concentration levels of chromium and cobalt. 

Toxic exposure concentration means the concentration at which toxic symptoms are reported, and the standards for 
toxicity levels in the literature and as recommended by relevant public institutions apply. When blood concentration 
levels of heavy metals exceed the toxic exposure concentration level, immediate analysis and epidemiologic 
investigation are required. When there are symptoms, measures must be taken to lower the blood concentration of 
heavy metals, such as gastrointestinal cleansing and chelation therapy. In addition, blood concentration monitoring 
is still needed after follow-up and treatment. In the case of metals with reported harmful effects and no known 
functions in the body, the strictest standards should be applied.

After a joint committee of the FAO/WHO (JECFA, Joint Expert Committee on Food Additives) indicated that cadmium, 
lead, mercury and arsenic are heavy metals that require contamination monitoring in 1974, the Korean Ministry of 
Environment included them as top toxicity evaluation. Minerals such as manganese, copper, zinc and molybdenum 
are essential for the body’s metabolism as components of inorganic/organic compounds and enzymes.
In particular, zinc is a component of over 25 different types of metalloenzymes, which are involved in various steps  
of metabolism. Chromium is important for glucose and lipid metabolism, and cobalt, essential component of B12 
vitamin, is an essential mineral although extremely low amounts are required. However, they are elements that 
require precaution as the body needs very little chromium and cobalt, and as they can cause metal poisoning when 
exposure to them is higher than a certain level.  These essential minerals are necessary at optimal amounts, but over-
exposure or consumption of them can cause toxicity.



2. Reference value (RV) of minerals
Manganese, copper, iron, selenium and molybdenum have well-known functions in our body, and their 
concentrations need to be maintained at the optimal level. Therefore, the 2.75~97.5 percentile concentration of 
healthy adults is considered the reference value (RV), and deficiency or excess is determined based on RV. Minimal 
deficiencies can be controlled by ingesting food that is enriched with these substances or by taking supplements 
if necessary. Selenium and zinc are covered by almost all supplements. Therefore, if someone is taking multiple 
supplements at the same time, it is important to make sure that the doses are within the recommended daily 
allowance to avoid any symptoms of overexposure (Table 2).

Testing for 13 sets of heavy metals & minerals in the bloodFocus Ⅱ

Test information

13 sets of heavy metals & minerals 
in blood (trace element analysis)
(GC Labs code: L941)

 Tuesday, Thursday 
/ 4 Days

 Heavy metals-specific
container WB 5.0 &

 Heavy metals-specific
container serum 5.0

ICP-MS

Inquiries on testing

01.  Korean Society for Laboratory Medicine, Laboratory Medicine 6th Edition. Seoul:Pammun education 2021.

 .)SM-PCI( yrtemortcepS ssaM-amsalP delpuoC ylevitcudnI gnisU sisylanA lateM ecarT .HS miK ,WJ miK ,HY iohC ,JH hO ,YS eeL  .20
Korean J Lab Med. 2004 Dec;24(6):362-370.

 yvaeh emos fo stceffe htlaeh dna msinahcem ,yticixoT .NK adwogereeB ,BB wehtaM ,N nagalabnA ,T netesT ,M raknahsiaJ  .30
metals. Interdisciplinary Toxicology. 2014 Jun;7(2):60. 

 ,cinesra( slatem ot serusopxe doohdlihc fo wonk ew od tahW .P ssegruB ,MM dlaW ,Y avofissoI ,EM nesnetroM ,ML notroH  .40
cadmium, lead, and mercury) in emerging market countries? Int J Pediatr. 2013;2013:872596. 

 .46‒331:101;2102 .SXE .tnemnorivnE eht dna yticixoT slateM yvaeH .JD nottuS ,KA alloltaP ,GC uojdeY ,BP uownuohcT  .50

 .noitca dna noitaterpretni :serusopxe yrucrem dna daeL .A issaY ,R gnilK ,J ydenneK ,A namttaM ,R sepoC ,E nikdorB  .60
CMAJ. 2007 Jan 2;176(1):59‒63.
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Elements Reference dose 
(toxic exposure concentration) Symptoms of toxicity Sources of major exposure

Arsenic (As) ≤ 12.0 ㎍/L (≥ 35.0)

Lead (Pb) ≤ 3.3 ㎍/dL (≥ 10.0)

Digestive system symptoms, respiratory irritation, skin pigmentation,
allergic skin inflammation, hepatomegaly/splenomegaly, neuromuscular 
malfunction, bladder cancer, skin cancer, hepatocarcinoma, renal cancer, 
underweight infants, deformation, miscarriage

Contaminated food, pesticides, fertilizers, 
herbicides, mines, wood preservatives, smelters, 
semiconductor manufacturing processes, dyes, 
glass processing, etc.

Antioxidation (which activates glutathione peroxidase), cytoplasmic free 
radical reduction, activation of thyroid hormone, etc

Involved in absorption and usage of iron; as a component of enzyme that 
cross-links between collagen and elastin, involved in maintaining connective
 tissue; and energy metabolism of mitochondria and production of 
neurotransmitters

Meat, seafood, organ meat, shellfish, 
whole wheat, wheat germ, seeds, nuts, etc.

A component of metal enzymes, control of metabolic enzymes activity

A cofactor of enzyme

Walnuts , peanuts, nuts, oatmeal, whole grains,
cereals, legumes, etc.

Wheat germ, whole grains, beans, animals, liver, 
 milk, dairy products, etc.

Biological components of various metal enzymes, involvement in the function 
and structure of biological membranes, immune function, regulation of 
synthesis and metabolism of nucleic acids and proteins

Animal sources of food, seafood, whole grains 
(concentrated in the outer layer so over-
processing results in its loss), legume, etc.

Cow liver, pork liver, nuts, legumes, seafood 
such as oysters, lobster, cocoa, mushrooms, 
grain germs, dried fruit, bananas, tomatoes, 
potatoes, etc.

Anaemia, headache, stomach pain, neuromuscular system malfunction, 
growth and developmental delay, cognitive impairment, epileptic convulsions, 
ADHD, hyperactivity disorder, renal malfunction, etc.

Lubricants, paint, dying reagents, batteries, 
old pipelines, contaminated food, 
contaminated toys, etc.

Dysfunctions of the kidneys, liver, digestive system, cardiovascular system, 
nervous system, etc.

Asthma,, pneumonia, skin inflammation, neurological disorders

Plating, leather tanning, paint, food, stainless steel, 
wood processing, workers in the plating industry, 
patients with MOM procedures, etc.

High blood pressure, depression, chronic fatigue, loss of appetite, dyskinesia, 
visual impairment, hearing loss, language disorders, etc.

Lung fibrosis, renal impairment, liver necrosis, memory loss, dementia, 
ataxia, etc.

Dental amalgam, large fish, preservatives, 
disinfectants, cosmetics with unknown ingredients, 
dying reagents, etc.

Fever, shivering, breathing difficulties, vomiting, low blood glucose levels, 
diabetes, high blood pressure, arteriosclerosis, atherosclerosis, 
circulation disorder, heart disease

Welding, combustion, fuel, paint, exhaust gas, 
plating products, batteries, smoking

Contact dermatitis, chronic bronchitis, decreased pulmonary function, 
lung cancer, nasal/sinus cancer

Batteries, plating, alloys, insulators, welding, 
yellow dust, smoking

Rocks, soil, water, plants, animals, patients with 
MOM procedures, etc.

Foil, antacids, cans, baking powder, etc.

Mercury (Hg) ≤ 9.0 ㎍/L (≥ 50.0)

Cadmium (Cd) ≤ 2.2 ㎍/L (≥ 5.0)

Aluminum (Al) ≤ 7.2 ㎍/L (≥ 50.0)

Chromium (Cr) ≤ 0.40 ㎍/L (≥ 1.0)

Cobalt (Co) ≤ 0.90 ㎍/L (≥ 5.0)

Nickle (Ni) ≤ 2.0 ㎍/L (≥ 10.0)

Elements Reference dose Symptoms of deficiency Enriched food source

Manganese (Mn) 0.60 ~ 2.40 ㎍/L

Copper (Cu) 68 ~ 140 ㎍/dL

Zinc (Zn) 66 ~ 110 ㎍/dL

Selenium (Se) 93 ~ 150 ㎍/L

Molybdenum
 (Mo) 0.4 ~ 2.0 ㎍/L
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Table 1. Clinical significance and reference value or toxic heavy metals

Table 2. Clinical significance and reference value for minerals.

Name of test Specimen (mL) Test dates /
Days required Test methods

* The testing information above was written on July 1, 2021. Please check (http://www.gclabs.co.kr) for further updates as details 
are subject to change

Department of Laboratory Medicine 
Junhyung Lee, M.D. & Ph.D. 

                   
  

Tel: +82-1566-0131



Clinical utility of WGS

Advantages of whole genome sequencing 

Targeted panel sequencing
•  Categorical genetic disorders
•  Up to thousands of genes
•  High coverage and depth
•  Lowest cost

capture capture No capture

Whole-Exome Sequencing
•  Whole exome
•  Intermediate coverage and depth

Whole-Genome Sequencing
•  All genes and non-coding DNA
•  Lower coverage
• Highest cost

Fig. 1. Comparison of targeted NGS panels, WES and WGS

Ref) Clin Exp Pediatr. 2020 Jun;63(6):195-202. 

Fig. 2. Flow of periodic re-analysis process in WGS

Ref) Cardiovasc Drugs Ther. 2020 Apr;34(2):241-253

DIAGNOSTICS
(proven disease genes)

RESEARCH
(other genes)

REPORT RESULT 
TO PATIENT +

CASCADE SCREENING

PATHOGENIC VARIANT
IDENTIFIED / ROBUST EVIDENCE

OF GENETIC ASSOCIATION

PUBLICATION
OF RESULTS

DATA RE-ANALYSIS
·NON-MENDELIAN 

INHERITANCE? NO SUBSTANTIAL EVIDENCE OF 
VARIANT PATHOGENICITY / 

GENETIC ASSOCIATION

WES/WGS VARIANT
PRIORITIZATION + SEGREGATION

CASE-CONTROL ASSOCIATION 
ANALYSIS

AND
/OR

REPORT RESULT TO PATIENT

PERIODIC RE-
ANALYSIS OF

VARIANT EVIDENCE
GENETIC TEST

POSITIVE

VUS

NEGATIVE
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Diagnostic Genome SequencingSpacial

Diagnostic Genome Sequencing

Green Cross Laboratories / GC genome
Department of Laboratory Medicine

Saemi Lee, M.D.

In the last decade, next-generation sequencing (NGS) brought paradigm-shifting change to genetic testing by reducing 
time to diagnosis (TTD) and increasing diagnosis rates of inherited genetic diseases. The targeted NGS multigene 
panel is widely used, and whole exome sequencing (WES) is useful for diagnosing genetic diseases with non-specific 
or complex phenotypes. However, the importance of whole genome sequencing (WGS) has become more prominent 
as other testing methods have shown limitations in their method and output data.

Major technical differences between WGS, targeted NGS panels, and WES are sequencing regions and the target 
enrichment process. While WGS sequences the complete DNA of the organism, WES sequence only protein coding 
regions which are about 2% of the whole genome. In the case of WGS, though the depth is lower than WES, it is 
possible to obtain uniform coverage throughout the whole genome by sequencing without a target enrichment. (Fig. 1)

In many studies, the technological superiority of WGS, which does not require an enrichment process, was shown. 
WGS is superior to WES in that it is better at detecting SNVs (single nucleotide variant) and small insertions/deletions. 
Moreover, there are fewer false-positive variants in the exom, and the coverage depth is more uniform as well as 
genotype quality is higher in WGS.

Theoretically, WGS can detect all types of variants including non-coding variants such as intron, regulatory region, 
non-coding RNA genes as well as copy number variants, mitochondrial DNA variants and structural variants. Some 
studies are trying to analyze the repeat expansions of genes such as FMR, HTT and SCA1.

Patients with rare genetic diseases have experienced multiple diagnostic processes but have failed to diagnose or 
treat in the proper time. Therefore, setting up appropriate genetic diagnostic approaches will not only put an end 
to diagnostic odysseys (a patient with a rare disease travels to multiple hospitals for a long time to be diagnosed), 
but also make it possible for these patients to receive optimal treatment as well as reduce social medical costs. WGS 
is the most comprehensive test known to date. Though the cost of WGS is higher than WES, WGS comprehensively 
analyze and detect various variants type in the entire genome through only one test. Therefore, WGS can reduce 
diagnostic odyssey and needs for additional serial testing, which is why it is considered an effective first-tier test 
nowadays.

In addition, once the sequencing data of WGS is produced, it is possible re-use the data to periodically analyze new 
genes, new variants without additional costs. Diagnosis efficiency can be enhanced by updating BI pipelines and 
annotations (Fig. 2).



Diagnostic rate of WGS

Limitations of WGS

                     

Inquiries on testing
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Sequencing in Cardiomyopathy. Cardiovasc Drugs Ther. 2020 Apr;34(2):241-253.
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Diagnostic Genome SequencingSpacial

Many studies have shown the advantages of WGS in multiple cohorts. Its superiority was reported in a study where 
WGS was compared to standard tests in pediatric patients and critically ill neonates. The diagnostic rate of WGS 
compared to WES is higher within the range between 3~7% at least and 15~17% at most. Non-conding variants and 
the detection of structural variants have greatly contributed to improving the diagnostic rate of WGS.

WGS includes many genes that have no known relevance to genetic diseases, and more variants are detected 
compared to targeted NGS panels. This means that an increasing number of variants of uncertain significance (VUS) 
is reported. As a result, patients and medical professionals may unnecessarily undergo the stressful situation of 
additional testing. Also, there is still a lack of guidelines on non-coding variant interpretation, and RNA sequencing is 
often required to determine pathogenicity. The high cost of resources such as hardware and computing power is one 
of the reasons for the high cost of WGS.

At GC Genome, DGS has been launched since January, 2021. DGS can detect various variants in the whole genome 
and use sequencing technology without an enrichment process. DGS will help improve diagnosis rates of patients 
with genetic diseases that have not been previously diagnosed or who have non-specific phenotypes.
 



[Reference: Rare Disease Helpline of the Korea Centers for Disease Control and Prevention (KCDC)

Test information

Soluble IL-2 receptor

What is 
a soluble IL-2 

receptor (sIL2R, CD25)?

I’d like know 
how soluble IL-2 

receptors are useful.

1 2

Fig.1. Binding to IL-2 receptors

Ref) The Netherlands Journal of Medicine

Fig. 2. Status and diseases related to T cell activation

Table 1. HLH-2004 diagnosis baseline

1) Fever

7) Ferritin ≥ 500 μg/L

5) Suspected hemophagocytosis without 
evidence of malignant tumor in bone marrow, 
spleen or lymph nodes

3) Pancytopenia (when two or more of criteria 
     are met in peripheral blood test)
- hemoglobin level less than or equal to 9 g/dL
  (for infants no older than 4 weeks old, less than 
  or equal to 10 g/dL)
- platelet counts less than or equal to 100 K/μL
- neutrophil level less than or equal to 1,000/μL

2) Splenomegaly

8) Soluble IL-2 receptor > 2,400 u/mL

6) Decreased or deficient NK cell activity

4) Hyper TG or hypo fibrinogen syndrome
    (fasting state TG ≥ 3.0 mmol/L or 265 mg/dL
    greater than or equal to, fibrinogen ≤ 1.5 g/L)
  

Monomeric IL-2R Chains
Low Affinity 

Dimeric IL-2R
High Affinity

Trimeric IL-2R

IL-2Rα IL-2Rβ IL-2Rβ IL-2Rα

IL-2Rβ IL-2Rγ

STATs

Cytosol

Nucleus

DNA

Target gene transcription

IL-2RγIL-2Rγ

Hemophagocytic 
Iymphohistiocytosis
(HLH)

Cancer immunotherapy
· Immune checkpoint inhibitors
- Programmed cell death-1 (PD-L1)
- Cytotoxic T-lymphocyte antigen (CTLA-4)
· Chimeric Antigen Receptor T Cell Therapy (CAR-T)
· Interleukin-2 (IL2) receptor agonist

Malignant tumors
• Solid tumors
• Hematologic 
  malignancies

Various infections 
(EBV, CMV, HIV, 
COVID19, etc.)

Sarcoidosis
(Granulomatous 
disease Sarcoidosis)

Autoimmune 
diseases

Soluble IL-2 receptor
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Cytokine is a type of protein secreted by immune cells, and it is expressed by 
activated T cells and plays an important role in inducing and maintaining an 
immune response. sIL2R is the functional receptor among IL-2 receptors and 
can be detected in blood. Its expression is increased in diseases with activated 
T cells.

sIL2R serum concentration is maintained at a low level in healthy individuals, 
whereas it is high in cases with diseases of activated T cells, such infectious 
diseases, dialysis, tumors, sarcoidosis, autoimmune diseases, and GvHD (graft-
versus-host reaction or disease).

누749 / D7490003

Name of test Specimen (mL) Test dates /
Days required Test methods Insurance

 Soluble IL-2 receptor
(GC Labs code: L927) Serum 1.0 CIA 노477 / CZ477

* The testing information above was written on July 1, 2021. Please check (http://www.gclabs.co.kr) for further updates as details 
are subject to change.

 Monday-Friday 
/ 1Day

Increased concentration levels of cytokines and their receptors, which is 
caused by various factors, can be changed by underlying disease or health 
conditions, and high sIL2R concentrations are known to be poor prognostic 
factors. There are reports on assessing disease activity and monitoring 
patients post immunotherapy by tracing sIL2R levels. In particular, it is 
elevated in hemophagocytic lymphohistiocytosis (HLH), and is therefore 
known to be useful for predicting the prognosis of HLH.

Among the various cytokines and their receptors, sIL2R is the only cytokine 
that is in the list of diagnostic standards for hemophagocytic syndrome 
or hemophagocytic lymphohistiocytosis associated with a potentially 
fatal cytokine storm. Because sIL2R ≥ 2400 U/mL is included in one of 8 
diagnosis criteria for diagnosing HLH, a high sIL2R concentration level is an 
important marker for HLH diagnosis. A prominent increase of sIL2R is also 
seen in cytokine storms.



Contract service agreement for specimen testing 
with Hanoi University Hospital

Signed an MOU with Institut Pasteur Korea to study infectious disease
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News & Story Testing information: Amendment Review

On March 26, GC Labs and Hanoi University Hospital in Vietnam 
signed a contract to provide specimen testing service. This 
contract signing ceremony was held through virtual meeting due 
to the prolonged COVID-19 pandemic.

Through this cooperation, it is planned to establish a specimen 
test service network at Hanoi University Hospital and build 
a cooperative relationship to share medical knowledge and 
experience.

GC Labs will continue to develop opportunities to expand its 
diagnostic test technology and operational know-how for the past 
40 years to not only Vietnam but also overall Asia.

On April 14, GC Labs and Institut Pasteur Korea signed an MOU for 
mutual cooperation in thefield of infectious disease research.

Through this agreement, various cooperation will be driven 
which combine outstanding human and technical expertise in 
clinical testing with the research capabilities and infrastructure for 
developing new medicine, with the goal of advanced infectious 
disease research.

The GC Labs, in cooperation with the Pasteur Korea Institute, will 
develop the research capabilities of medical staff to prepare for 
new infectious diseases as well as existing infectious diseases, 
and contribute to improving public health by developing and 
commercializing new biomarkers.

Name of test Testing Information Remarks

NUDT15 genotype [Sequencing]
(GC Labs code: N955)

Vibrio culture
[Infection site test for minimum 
inhibitory concentration of 
antibacterial agent]
(GC Labs code: P818)

· Specimen: EDTA whole blood 3.0 mL
· Storage: Refrigerated
· Testing method: Sanger sequencing
· Reference ranges: Refer to separate results
· Test days/required days: Monday-Friday
   /14 Days

· Clinical significance: A test to predict risk of
    side effects in patients using immune inhibitor 
   (thiopurine)
· Mandatory documents:
    Request for Molecular Genetic Testing Form, 
    Genetic Testing Consent Form
· Application date: Until May 17

· Specimen: Specimen from infection site
· Storage: Refrigerated
· Testing method: Culture test for minimum
 inhibitory concentration of antibacterial agent
· Reference ranges: Refer to separate results
· Test days/required days: Monday-Saturday
   / 5 days

· Clinical significance: A test to confirm vibrio
    infection.
· Precautions: Contamination Application date: 
    Until June 1

· Specimen: Serum 0.5 mL
· Storage: Refrigerated
· Testing method: ECLIA
(electrochemiluminescence immunoassay)
· Reference ranges (unit: COI):
Non-Reactive: < 1.00
※COI (cutoff index)
· Test days/required days: Monday-Saturday
   /1Day
· Precautions: Not possible to monitor the 
   acquisition of immunity via vaccination

· Specimen: Serum 0.5 mL
· Storage: Refrigerated
· Testing method:
   CIA (chemiluminescence immunoassay)
· Reference ranges (unit: U/mL): 
   Non-Reactive: < 1.00
· Test days/required days: Monday-Saturday
   /1Day

· Test days/required days: 
    Monday-Friday/20 Days
· Mandatory documents:
    Resident registration number

· Test days/required days: 
    Monday-Friday / 5 days

· Test days/required days: Monday-Friday / 1 day
· Application date: Until May 1

· Test days/required days: 
    Monday, Thursday/1 Day
· Mandatory documents: -
· Application date: Until June 1

· Clinical significance:
    By detecting SARS-CoV-2 antibodies, 
    the test helps with diagnosing COVID-19 or 
    confirming a previous infection
· Subject:
- individuals highly suspected of a COVID-19 
   infection but with negative or indeterminate 
   results from a polymerase chain reaction test
- individuals who need confirmation of a previous 
   COVID-19 infection 
· Application date: Until June 7

SARS-CoV-2 Ab (Anti-N)
(GC Labs code: P819)

SARS-CoV-2 Ab (Anti-S1 RBD)
(GC Labs code: P820)

▼ New Test

▼ Amendments to testing information

Name of test Reasons for the 
amendment Prior to the amendment Post amendment

Soluble IL-2 
receptor
(GC Labs code: L927) Decided that 

GC Lab provides
the testAnti-aquaporin 4

IgG antibody
(GC Labs code: K023)




