
Description of the predicted marker genes

Liver marker genes

The 11 liver marker genes that we identified and validated with RT-PCR are
AKR1D1, FGG, APOA2, CYP2C8, GC, CPS1, CYP2E1, APOC3, SERPINC1,
AHSG, and AMBP. We confirmed by PCR the liver-specific expression of CYP2C8,
GC, CPS1, CYP2E1, APOC3, SERPINC1, AHSG, and AMBP.
AMBP gene encodes the two plasma glycoproteins alpha-1-Microglobulin (A1M)
and bikunin. A1M belongs to the superfamily of lipocalin transport proteins
and may play a role in the regulation of inflammatory processes, whereas bikunin
is an urinary trypsin inhibitor. The strict liver-specific transcription of the
AMBP gene appears to be due to the presence of a strong liver-specific en-
hancer [1]. AHSG is synthesized by hepatocytes and secreted into serum. It
is involved in insulin resistance and fat accumulation in the liver [2]. CYP2C8
and CYP2E1 encode members of the cytochrome P450 superfamily of enzymes.
Cytochrome P450 epoxygenases are predominantly expressed in the liver [3]
and they catalyze many reactions involved in drug metabolism and synthesis
of cholesterol, steroids and other lipids. GC encodes a protein that belongs to
the albumin gene family. It functions predominantly as a transporter protein
for vitamin D and its metabolites [4]. APOC3 is a very low density lipoprotein
(VLDL) protein. APOC3 inhibits lipoprotein lipase and lipoprotein remnant
uptake by the liver [5, 6]. SERPINC1 is a plasma protease inhibitor, synthesized
in the liver and a member of the serpin superfamily. It is the principal plasma
serpin of blood coagulation proteases and functions as inhibitor of thrombin and
other factors by the formation of covalently linked complexes.

Lung marker genes

Lung marker genes identified in the current study include CLDN18, NKX2-1,
SCGB1A1, SFTPB, CYP4B1, CD52, LAMP3, AGER, LYZ, SFTPD, SFTPC,
and SLC34A2. Among them, genes that have been described or used as markers
of lung such as SGB1A1 [7], LAMP3 [8], SFTPC [9], and SFTPD [10]. Genes
uniquely expressed in the lung (compared with the other 4 tissues) confirmed
by PCR include CLDN18, SFTPB, SFTPC, SFTPD and AGER. In addition,
the set of predicted marker genes comprised genes of particular importance in
lung, that were also detected in heart, such as NKX2-1, SCGB1A1, CYP4B1,
and LAMP3.
CLDNs are components of cellular tight junctions regulating the permeabil-
ity of cellular layers between different tissue compartments [11]. Mutations in
CLDN18 are associated with adenocarcinomas [12]. NKX2-1 is a homeodomain-
containing transcription factor, encoding thyroid transcription factor-1 (TTF-
1 ). NKX2-1 plays a crucial role in normal lung function and morphogenesis
[13], and has been suggested as a lineage marker for the terminal respiratory
unit in lung carcinogenesis [14]. SCGB1A1 is a member of the secretoglobin
family of small secreted proteins, implicated in numerous functions including
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anti-inflammation. Defects in SCGB1A1 are associated with a susceptibility
to asthma. SFTPB, SFTPC, and SFTPD are surfactant proteins which are
involved in defense against microbial invasion. Moreover, they act by lowering
the surface tension and are crucial for gaseous exchange between air and blood.
LAMP3 is the third member of the lysosome-associated membrane glycoprotein
(LAMP) family, and it has been reported to play important roles in the occur-
rence and metastasis of lung cancer [15]. AGER, also known as RAGE, is a cell
surface receptor. AGER is highly expressed in the lung, in particular alveolar
epithelial cells [16]. AGER expression is significantly decreased in human lung
carcinomas [17], which suggests that AGER may function in suppressing lung
cancer. SLC34A2 is a phosphate transport protein. Mutations in the corre-
sponding gene has been associated with pulmonary alveolar microlithiasis [18].
LYZ is an essential component of innate defense in lung epithelia.
Lindskog et al. [19] analyzed the lung-specific transcriptome in comparison to
26 other tissue types based on RNA-Seq combined with antibody-based pro-
tein profiling, and reported 20 genes (SFTPA1, SFTPB, SFTPC, SFTPA2,
SCGB3A2, AGER, SFTPD, ROS1, SCGB1A1, MS4A15, RTKN2, SLC34A2,
NAPSA, SFTA2, LRRN4, LAMP3, CACNA2D2, FAM92B, CCDC17, and LDL-
RAD1 ) with higher expression levels in the lung as compared to all the other 26
analyzed tissues. Among these 20 genes 15 genes (SFTPB, SFTPC, SFTPA2,
SCGB3A2, AGER, SFTPD, SCGB1A1, MS4A15, RTKN2, SLC34A2, NAPSA,
SFTA2, LRRN4, LAMP3, and CACNA2D2 ) were estimated by our tool as lung
markers using data set 1 or 2. From the remaining 5 genes 3 genes (SFTPA1,
FAM92B, and LDLRAD1 ) were not found on the microarrays of the used data
sets. Moreover, from the 12 estimated lung specific genes tested here with PCR,
Lindskog et al. [19] reported 7 genes (SFTPB, SFTPC, SFTPD, SLC34A2,
LAMP3, AGER, and NKX2-1 ) as significantly associated with survival in lung
adenocarcinoma.

Heart marker genes

Using our approach the following genes were highly expressed in the heart com-
pared to the other tissues: MYOZ2, TNNI3, SYNPO2L, MYH6, CSRP3, CKM,
PLN, MB, TTN, MYL7, MYH7, and TPM1. We confirmed by PCR the heart-
specific expression of MYOZ2, MYH6, CSRP3, CKM, MB, MYL7, and MYH7.
The remaining genes TNNI3, SYNPO2L, PLN, TTN, and TPM1 that were de-
tected additionally in lung or kidney, were reported to play important roles in
the heart function.
MYOZ2 belongs to a family of sarcomeric proteins that bind to calcineurin.
Mutations in this gene cause cardiomyopathy familial hypertrophic type 16, a
hereditary heart disorder. MYH6 encodes the alpha heavy chain subunit of
cardiac myosin. CSRP3 plays an important role in the organization of cytoso-
lic structures in cardiomyocytes. Mutations in this gene has been associated
with hypertrophic cardiomyopathy and dilated cardiomyopathy [20]. CKM is a
cytoplasmic enzyme involved in energy homeostasis and is an important serum
marker for myocardial infarction. PLN has been postulated to regulate the
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activity of the calcium pump of cardiac sarcoplasmic reticulum. MYL7 binds
calcium and has been shown to be a useful molecular marker for cardiac chamber
specification. MYH7 encodes the beta heavy chain subunit of cardiac myosin.
Mutations in this gene are associated with familial hypertrophic cardiomyopa-
thy, myosin storage myopathy, and dilated cardiomyopathy. TNNI3 is one of
3 subunits that form the troponin complex of the thin filaments of striated
muscle. It serves as a calcium-sensitive switch that regulates striated muscle
contraction [21]. Mutations in this gene have been associated with familial hy-
pertrophic cardiomyopathy type 7 and familial restrictive cardiomyopathy. MB
functions as an intracellular oxygen carrier in the skeletal and heart muscles of
most vertebrates [22]. SYNPO2L encodes a cytoskeletal protein. Beqqali et al.
[23] recently reported the corresponding protein as a novel protein that interacts
and colocalizes with α-actinin at the Z-disc of the sarcomere. TTN encodes a
large abundant protein of striated muscle. Mutations in this gene have been
identified in patients with peripartum cardiomyopathy and dilated cardiomy-
opathy [24]. TPM1 is a member of the tropomyosin family of highly conserved
actin binding proteins, which are involved in the control of thin filament func-
tion in striated muscle contraction. Mutations in this gene are associated with
type 3 familial hypertrophic cardiomyopathy.

Brain marker genes

The 12 brain marker genes that we identified and verified with RT-PCR are
GAP43, GFAP, TMEFF1, FUT9, SYT1, SNAP25, MBP, GRIA2, KIF5C,
STMN2, NEFM, and GABBR2. We confirmed by PCR the brain-specific ex-
pression of GFAP, TMEFF1, SYT1, GRIA2, KIF5C, STMN2, NEFM, and
GABBR2. FUT9 was additionally detected in kidney, SNAP25 in lung and
heart, whereas GAP43 was not detected in any of the examined tissues.
GFAP encodes one of a family of intermediate filament proteins. GFAP is
known as astrocytes marker. Mutations in this gene have been associated with
Alexander disease [25], a rare disorder of astrocytes in the central nervous sys-
tem. TMEFF1 encodes a transmembrane protein containing two follistatin-like
modules and an epidermal growth factor-like domain. Gery et al. [26] investi-
gated TMEFF1 expression in normal brain and brain cancer cells. According
to this study, TMEFF1 was highly expressed in the normal brain and at lower
levels in brain cancer. These results suggest that TMEFF1 may function as
a tumor suppressor gene in brain cancers. KIF5C gene encodes a member of
the kinesin superfamily of proteins that are motor proteins involved in various
processes in the brain, such as neuronal functioning, development, and survival
[27, 28]. In a recent study, Willemsen et al. [28] suggested that mutations
in KIF4A and KIF5C cause intellectual disability by tipping the balance be-
tween excitatory and inhibitory synaptic excitability. STMN2, also known as
SCG10, encodes a member of the stathmin family of phosphoproteins, which
are involved in microtubule dynamics and signal transduction. Reductions in
the expression of this gene have been associated with Down’s syndrome[29]
and Alzheimer’s disease [30] GRIA2 encodes the GLUR2 subunit of α-amino-3-
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hydroxy-5-methyl-4-isoxazolepropionic acid receptors, which is mainly expressed
in the brain, and play important roles in normal brain function [31]. In ad-
dition, Hackmann et al. [32] hypothesized that GRIA2 is involved in intel-
lectual disability. GABBR2 encodes a membrane protein from the G-protein
coupled receptor 3 family and Gamma-aminobutyric acid type B (GABA-B)
receptor subfamily. The GABA-B receptors inhibit neuronal activity through
G protein-coupled second-messenger systems, which regulate the release of neu-
rotransmitters and the activity of ion channels and adenylyl cyclase [33, 34].
GABBR2 have been associated with autism [35]. Additionally, significant re-
ductions in GABBR1 and GABBR2 expression in lateral cerebellum of subjects
with schizophrenia, bipolar disorder, and major depression have been reported
[36]. NEFM encodes the medium neurofilament protein, one of the 3 subunits
forming the neurofilaments, that localizes to neuronal axons and dendrites [37].
Various human brain diseases have been associated with neurofilaments pro-
teins. SYT1 encodes an integral membrane protein of synaptic vesicles, which
is thought to serve as Ca(2+) sensors in the process of vesicular trafficking
and exocytosis. Calcium binding to synaptotagmin-1 participates in triggering
neurotransmitter release at the synapse [38]. The corresponding protein was
suggested to be important for synaptic function and may be related to cogni-
tive impairments in Alzheimer’s disease [39]. SNAP25 encodes a presynaptic
plasma membrane protein involved in the regulation of neurotransmitter release.
SNAP25 is expressed by neurons in the hippocampus, is suggested to play ma-
jor role in long-term memory formation and has been associated with cognitive
ability [40, 41]. FUT9 encodes a member of the glycosyltransferase family, and
has been reported to synthesize the Lewis X carbohydrate structure in the brain
[42].

Kidney marker genes

The list of genes selectively expressed in the kidney comprised SLC12A1, SLC3A1,
UMOD, AOC1, CD24, HSD11B2, CA12, PDZK1IP1, FXYD2, CDH16, SLC22A8,
and CLDN8. Our PCR data confirmed the selective expression of UMOD,
AOC1, PDZK1IP1, CDH16, SLC22A8, and CLDN8 in kidney. CD24 and
HSD11B2 were expressed additionally in lung, whereas four genes namely SLC12A1,
SLC3A1, CA12, and FXYD2 were not detected. In contrast to the other tissue
specimens, the kidney sample was frozen and stored since two years. This may
negatively have affected the RNA stability. Hence, this may explain the absence
of four of the predicted markers of kidney.
UMOD encodes a glycoprotein, also known as Tamm-Horsfall potein, which is
produced by renal cells of ascending limb of loop of Henle and is largely excreted
in urine [43]. FXYD2 encodes a member of the FXYD family of transmembrane
proteins, which regulates the function of the Na,K-ATPase in mammalian kidney
epithelial cells [44, 45]. CDH16 encodes Kidney-specific (Ksp)-cadherin, a mem-
ber of the cadherin superfamily of calcium-dependent cell adhesion molecules.
It has been identified as a specific marker for terminal differentiation of the
basolateral membrane of renal tubular epithelial cells [46, 47]. Additionally,
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Ksp-cadherin has been identified as a highly sensitive marker for chromophobe
renal cell carcinoma and oncocytoma [48]. PDZK1IP1, also known as MAP17,
encodes a membrane associated protein. PDZK1IP1 was earlier detected in
normal renal proximal tubules [49]. In addition, it has been reported to be up-
regulated in carcinomas arising from kidney, colon, lung, and breast [50]. AOC1
(formerly known as amiloride-binding protein 1) is a homodimeric glycoprotein,
which deaminates putrescine and histamine. AOC1 was described to be highly
expressed in the kidney [51], placenta [52] and intestine [53]. CLDN8 encodes a
member of the claudin family. Claudins are integral membrane proteins of the
tight junction that are involved in the permeation of solutes across epithelia via
the paracellular pathway. Yu et al. [54] suggested that CLDN8 plays an impor-
tant role in the paracellular cation barrier of the distal renal tubule. SLC22A8
is a member of the organic anion transporter SLC22 gene family. Cha et al.
[55] reported that SLC22A8 is exclusively expressed in the kidney, and plays
important roles in the basolateral uptake of organic anions in proximal tubular
cells. HSD11B2 encodes the type II isoform of 11-beta-hydroxysteroid dehy-
drogenase, a microsomal enzyme complex responsible for the interconversion of
biologically active cortisol and inactive cortisone. HSD11B2 is highly expressed
in kidney and placenta [56].
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Predicted marker genes for liver

Gene Symbol Gene Full Name

AKR1D1 aldo-keto reductase family 1, member D1
FGG fibrinogen gamma chain
APOA2 apolipoprotein A-II
CYP2C8 cytochrome P450, family 2, subfamily C, polypeptide 8
GC group-specific component (vitamin D binding protein)
CPS1 carbamoyl-phosphate synthase 1, mitochondrial
CYP2E1 cytochrome P450, family 2, subfamily E, polypeptide 1
APOC3 apolipoprotein C-III
SERPINC1 serpin peptidase inhibitor, clade C (antithrombin), member 1
AHSG alpha-2-HS-glycoprotein
AMBP alpha-1-microglobulin/bikunin precursor

Predicted marker genes for lung

Gene Symbol Gene Full Name

CLDN18 claudin 18
NKX2-1 NK2 homeobox 1
SCGB1A1 secretoglobin, family 1A, member 1
SFTPB surfactant protein B
CYP4B1 cytochrome P450, family 4, subfamily B, polypeptide 1
CD52 CD52 molecule
LAMP3 lysosomal-associated membrane protein 3
AGER advanced glycosylation end product-specific receptor
LYZ lysozyme
SFTPD surfactant protein D
SFTPC surfactant protein C
SLC34A2 solute carrier family 34 (type II sodium/phosphate

contransporter), member 2

Predicted marker genes for heart

Gene Symbol Gene Full Name

MYOZ2 myozenin 2
TNNI3 troponin I type 3 (cardiac)
SYNPO2L synaptopodin 2-like
MYH6 myosin, heavy chain 6, cardiac muscle, alpha
CSRP3 cysteine and glycine-rich protein 3 (cardiac LIM protein)
CKM creatine kinase, muscle
PLN phospholamban
MB myoglobin
TTN titin
MYL7 myosin, light chain 7, regulatory
MYH7 myosin, heavy chain 7, cardiac muscle, beta
TPM1 tropomyosin 1 (alpha)
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Predicted marker genes for brain

Gene Symbol Gene Full Name

GAP43 growth associated protein 43
GFAP glial fibrillary acidic protein
TMEFF1 transmembrane protein with EGF-like and two follistatin-like

domains 1
FUT9 fucosyltransferase 9 (alpha (1,3) fucosyltransferase)
SYT1 synaptotagmin I
SNAP25 synaptosomal-associated protein, 25kDa
MBP myelin basic protein
GRIA2 glutamate receptor, ionotropic, AMPA 2
KIF5C kinesin family member 5C
STMN2 stathmin 2
NEFM neurofilament, medium polypeptide
GABBR2 gamma-aminobutyric acid (GABA) B receptor, 2

Predicted marker genes for kidney

Gene Symbol Gene Full Name

SLC12A1 solute carrier family 12 (sodium/potassium/chloride
transporter), member 1

SLC3A1 solute carrier family 3 (amino acid transporter heavy chain),
member 1

UMOD uromodulin
AOC1 amine oxidase, copper containing 1
CD24 CD24 molecule
HSD11B2 hydroxysteroid (11-beta) dehydrogenase 2
CA12 carbonic anhydrase XII
PDZK1IP1 PDZK1 interacting protein 1
FXYD2 FXYD domain containing ion transport regulator 2
CDH16 cadherin 16, KSP-cadherin
SLC22A8 solute carrier family 22 (organic anion transporter), member 8
CLDN8 claudin 8
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