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[ Abstract ] Background and purpose: Cancer of unknown primary (CUP) represents approximately 5%~10%
of malignant neoplasms. For CUP patients, identification of tumor origin allows for more specific therapeutic regimens
and improves outcomes. Methods: By retrieving the gene expression data from ArrayExpress and Gene Expression
Omnibus data repositories, we established a comprehensive gene expression database of 5 800 tumor samples encom-
passing 22 main tumor types. The support vector machine-recursive feature elimination algorithm was used for feature
selection and classification modelling. We further optimized the RNA isolation and real-time quantitative polymerase
chain reaction (RTQ-PCR) methods for candidate gene expression profiling and applied the RTQ-PCR assays to a set
of formalin-fixed, paraffin-embedded tumor samples. Results: Based on the pan-cancer transcriptome database, we
identified a list of 96-tumor specific genes, including common tumor markers, such as cadherin 1 (CDH1), kallikrein-re-
lated peptidase 3 (KLK3), and epidermal growth factor receptor (EGFR). Furthermore, we successfully translated the
microarray-based gene expression signature to the RTQ-PCR assays, which allowed an overall success rate of 88.4%
(95%CI: 83.2%-92.4%) in classifying 22 different tumor types of 206 formalin-fixed, paraffin-embedded samples.
Conclusion: The 96-gene RTQ-PCR assay represents a useful tool for accurately identifying tumor origins. The assay
uses RTQ-PCR and routine formalin-fixed, paraffin-embedded samples, making it suitable for rapid clinical adoption.

[ Key words ] Cancer of unknown primary; Tumor tissue origin; Gene expression profiling; Real-time quantitative

polymerase chain reaction; Immunohistochemistry
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Fig. 1 96-gene RTQ-PCR assay testing workflow

Total RNA was purified, and cDNA was synthesized using standard protocols from formalin-fixed, paraffin-embedded tumor specimen. Tumor
sample classification was performed by the 96-gene expression signature, with one similarity score (SS) for each of the 22 tumor types. As testing
results shown in Fig. 1, the top-5 tissues with the highest SS values are: breast (91.3), lymphoma (1.9), melanoma (1.5), liver (0.8), and urinary (0.7),

thus suggesting the tumor of origin is most likely the breast



(¥ BEAER L) 20164E52685 108

805

1.6 S FEEEIERETEN

B 96 3 [H 4 AU 25 SR 5 0 B2 W 45 SR AT
WXt IRl b &b, RIERDTER
g FRE. A AREIS%CT T
FE PRSI R B 45 SR 45 A B 1 (R R AR i ()

; H = 0,
RYE=" e nmtireriag < 100%,
SRR RS A5 S A BRI RE A B )

4 B e 0
FE5T I S ) *x100%,
e SR AL SR REA B
B E = e 100%.

Ekﬁlf&i(a*—b*—ﬁ—d)

F1 REE. FREMSHFSEITE

Tab. 1 Sensitivity, specificity and accuracy

Condition determined by the

Outcome of the standard of truth

: . Row total
diagnostic test Positive Negative
Positive a b atb
Negative c d ctd
Column total atc b+d atb+ctd
-+
2 45 R

2.1 MEERRAEHTEEFERNE
ey SR 9 DR 2 15 i Bl 2 I S %5 13
ANTTRRE : (D N S A] RE 2 0 R 2 5

@ X T HA 5B g e A E R
AIREZ AW R, B GNAFE R e A1k
ZEMIFEAS, DI AT g ELSC M PPA 43 FFr s
PUNCUPHEAH AU IE MR . T LR34,
FA' T M ArrayExpress fllGene Expression Omnibus
B PSR T R AR 22 I 2R A L 5 80045 i
T FEAS I TR TR A o 2270 Mg 2 AU A0 4
B BRI . M FLAE . E S . 4
g . FENBEE . B B . RS A
A RIS . R L SRR L R L Mk
CURE . R (AR PN E . e
HUE L OBRIRIE . ATS R . PR HOIR Y A
PRE® b K ges o o B g R A 2 DS 519113 542
BIAREE(R2) . AR5 800MEA K dia A1 AE Al
A, T TR SL2H 2V S B R 1Y) i S o 2R
YR EEST
22 EAEMIESIhREER
LIRS 1 1 54460 ) g St 3R]
— 5 FISVM-RFER L, &1 X 4 —Ff i
KA D VAR REASBE RS X 1% Mo S L 1Y
BRAE ;.  BEHUONZ g 25 8 T ik e KA 13

ok &

x2 HERGERES

Tab.2 Summary of sample information

Training set

Validation set

Tumor type

Sample size % Sample size %
Adrenal 55 0.95 8 3.88
Brain 446 7.69 12 5.83
Breast 542 9.34 9 4.37
Cervix 113 1.95 8 3.88
Colorectum 439 7.57 10 4.85
Endometrium 262 4.52 10 4.85
Gastroesophagus 530 9.14 17 8.25
Germ cell 136 2.34 9 4.37
Headneck 254 4.38 9 4.37
Kidney 256 4.41 8 3.88
Liver/cholangiocarcinoma 222 3.83 8 3.88
Lung 285 491 9 4.37
Lymphoma 366 6.31 9 4.37
Melanoma 163 2.81 9 4.37
Mesothelioma 100 1.72 9 4.37
Neuroendocrine 209 3.60 10 4.85
Ovary 225 3.88 9 4.37
Pancreas 134 2.31 8 3.88
Prostate 458 7.90 8 3.88
Sarcoma 169 291 11 5.34
Thyroid 238 4.10 8 3.88
Urinary 198 341 8 3.88
Total 5800 100 206 100
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Tab. 3 List of selected 96 genes

Gene symbol Description

ACPP Acid phosphatase; Prostate

ACTG2 Actin; gamma 2; Smooth muscle; Enteric

AGR2 Anterior gradient 2

APOBEC3B Apolipoprotein B mrna editing enzyme; Catalytic polypeptide-like 3B
APOD Apolipoprotein D

ASPN Asporin

ATP1B1 ATPase; Na+/K+ transporting; Beta 1 polypeptide

AZGP1 Alpha-2-glycoprotein 1; Zinc-binding

C7 Complement component 7

CA12 Carbonic anhydrase xii

CCL18 Chemokine (c-c motif) ligand 18

CDH1 Cadherin 1; Type 1

CDH17 Cadherin 17; Li cadherin (liver-intestine)

CEACAMS Carcinoembryonic antigen-related cell adhesion molecule 5
CEACAM6 Carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific cross reacting antigen)
CHGA Chromogranin A

CHI3L1 Chitinase 3-like 1

CLDN18 Claudin 18

CLU Clusterin

COL1141 Collagen; Type xi; Alpha 1

CXCL14 Chemokine (c-x-c motif) ligand 14

CYP1741 Cytochrome p450; Family 17; Subfamily a; Polypeptide 1
DLK1 Delta-like 1 homolog (Drosophila)

EGFR Epidermal growth factor receptor

EPCAM Epithelial cell adhesion molecule

ESR1 Estrogen receptor 1

FABP1 Fatty acid binding protein 1; Liver

FABPA Fatty acid binding protein 4; Adipocyte
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Gene symbol

Description

GATA3
GCG
GFAP
GJAl
GPM6B
GPX3
GREM1
HBB
HLA-DQA1
1D4
IGFBP2
IGFBP1
1GJ
ISL1
KLK2
KLK3
KRT13
KRT14
KRT15
KRT19
KRT20
LGALSA
LUM
MGP
MMP1
MMP12
MMP3
MS441
MSMB
NKX2-1
NKX3-1
NPTX2
NPY1R
PCDHT7
PCP4
PEG3
PI15
PIGR
PLA2G24
POSTN
PRRX1

GATA binding protein 3

Glucagon

Glial fibrillary acidic protein

Gap junction protein; Alpha 1

Glycoprotein M6B

Glutathione peroxidase 3

Gremlin 1; DAN family BMP antagonist

Hemoglobin; Beta

Major histocompatibility complex; Class Il ; DQ alpha 1
Inhibitor of DNA binding 4; Dominant negative helix-loop-helix protein
Insulin-like growth factor binding protein 2

Insulin-like growth factor binding protein 7
Immunoglobulin J polypeptide; Linker protein for immunoglobulin alpha and mu polypeptides
ISL LIM homeobox 1

Kallikrein-related peptidase 2

Kallikrein-related peptidase 3

Keratin 13

Keratin 14

Keratin 15

Keratin 19

Keratin 20

Lectin; Galactoside-binding; Soluble; 4

Lumican

Matrix gla protein

Matrix metallopeptidase 1

Matrix metallopeptidase 12

Matrix metallopeptidase 3

Membrane-spanning 4-domains; Subfamily A; Member 1
Microseminoprotein; Beta

NK2 homeobox 1

NK3 homeobox 1

Neuronal pentraxin 11

Neuropeptide Y receptor Y1

Protocadherin 7

Purkinje cell protein 4

Paternally expressed 3

Peptidase inhibitor 15

Polymeric immunoglobulin receptor

Phospholipase A2; Group 1T A

Periostin; Osteoblast specific factor

Paired related homeobox 1
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Gene symbol

Description

PTGDS Prostaglandin D2 synthase

PTN Pleiotrophin

RGS4 Regulator of G-protein signaling 4

RPS11 Ribosomal protein S11

RPS4Y1 Ribosomal protein S4; Y-linked 1

510042 S100 calcium binding protein A2

510048 S100 calcium binding protein A8

S100P S100 calcium binding protein P

SCGB2A2 Secretoglobin; Family 2A; Member 2

SERPINA3 Serpin peptidase inhibitor; Clade A (alpha-1 antiproteinase; Antitrypsin); Member 3

SERPINB3 Serpin peptidase inhibitor; Clade B (ovalbumin); Member 3

SFN Stratifin

SFRP1 Secreted frizzled-related protein 1

SFTPB Surfactant protein B

SLC341 Solute carrier family 3 (amino acid transporter heavy chain); Member 1

SPINK1 Serine peptidase inhibitor; Kazal type 1

SPP1 Secreted phosphoprotein 1

SST Somatostatin

SULT2A1 Sulfotransferase family; 2A; Member 1

TACSTD2 Tumor-associated calcium signal transducer 2

G Thyroglobulin

TH Tyrosine hydroxylase

TMASF4 Transmembrane 4 L six family member 4

TSPANS Tetraspanin 8

TYRP1 Tyrosinase-related protein 1

VEGFA Vascular endothelial growth factor A

XIST X inactive specific transcript (non-protein coding)

*® 4 96EHMEKEGGHEMEEN
Tab.4 The top KEGG pathways enriched in the 96-gene list
Item Item detail Gene

%%%%%222?%’ Pathways in bladder cancer EGFR, CDHI, VEGFA, MMP1
KEGG:04961 Endocrine and other factor-regulated calcium reabsorption ATP1B1, KLK2, ESR1
KEGG:03320 PPAR signaling pathway FABPA, FABP1, MMP1
%%%%5522(;% Pathways in prostate cancer KLK3, NKX3-1, EGFR
KEGG:04974 Protein digestion and absorption ATP1B1, SLC3A41, COL1141
KEGG:04510 Focal adhesion SPP1, EGFR, VEGFA, COL1141
KEGG:04514 Cell adhesion molecules (CAMs) HLA-DQA1, CLDN18, CDH1
KEGG:04060 Cytokine-cytokine receptor interaction CCL18, CXCL14, EGFR, VEGFA
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Tab.5 Performance characteristics of the 96-gene expression signature

(%)

Tumor type Sample size Sensitivity Specificity Positive predictive value ~ Negative predictive value
Adrenal 8 100.0 100.0 100.0 100.0
Brain 12 100.0 99.0 85.7 100.0
Breast 9 100.0 97.5 64.3 100.0
Cervix 8 62.5 99.5 83.3 98.5
Colorectum 10 100.0 98.0 71.4 100.0
Endometrium 10 90.0 99.0 81.8 99.5
Gastroesophagus 17 94.1 99.5 94.1 99.5
Germ cell 9 66.7 98.5 66.7 98.5
Headneck 9 44.4 100.0 100.0 97.5
Kidney 8 100.0 100.0 100.0 100.0
Liver/cholangiocarcinoma 8 100.0 99.0 80.0 100.0
Lung 9 88.9 100.0 100.0 99.5
Lymphoma 9 100.0 100.0 100.0 100.0
Melanoma 9 88.9 100.0 100.0 99.5
Mesothelioma 9 66.7 100.0 100.0 98.5
Neuroendocrine 10 80.0 100.0 100.0 99.0
Ovary 9 100.0 99.0 81.8 100.0
Pancreas 8 87.5 100.0 100.0 99.5
Prostate 8 100.0 99.5 88.9 100.0
Sarcoma 11 81.8 99.5 90.0 99.0
Thyroid 8 100.0 100.0 100.0 100.0
Urinary 8 87.5 100.0 100.0 99.5
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Tab. 6 Performance characteristics of the 96-gene expression signature in 10 most frequent cancers

(%)
Top 10 most common tumor types Sample size  Sensitivity ~ Specificity Positive predictive value Negative predictive value
Brain 12 100.0 99.0 85.7 100.0
Breast 9 100.0 97.5 64.3 100.0
Cervix 8 62.5 99.5 83.3 98.5
Colorectum 10 100.0 98.0 71.4 100.0
Gastroesophagus 17 94.1 99.5 94.1 99.5
Liver/cholangiocarcinoma 8 100.0 99.0 80.0 100.0
Lung 9 88.9 100.0 100.0 99.5
Pancreas 8 87.5 100.0 100.0 99.5
Thyroid 8 100.0 100.0 100.0 100.0
R7 9EEIREMAESMRE N+ KR FEERE
Tab.7 Performance characteristics of the 96-gene expression signature in 10 most common cancers in males
(%)
Top 10 tumors among men Sample size Sensitivity Specificity Positive predictive value  Negative predictive value
Brain 12 100.0 99.0 85.7 100.0
Colorectum 10 100.0 98.0 71.4 100.0
Gastroesophagus 17 94.1 99.5 94.1 99.5
Liver/cholangiocarcinoma 8 100.0 99.0 80.0 100.0
Lung 9 88.9 100.0 100.0 99.5
Lymphoma 9 100.0 100.0 100.0 100.0
Pancreas 8 87.5 100.0 100.0 99.5
Prostate 8 100.0 99.5 88.9 100.0
Urinary 8 87.5 100.0 100.0 99.5
* 8 96ERREWELMRE R+ KB ERE
Tab.8 Performance characteristics of the 96-gene expression signature in 10 most common cancers in females
(%)
Top 10 tumors among women Sample size Sensitivity Specificity Positive predictive value ~ Negative predictive value
Breast 9 100.0 97.5 64.3 100.0
Cervix 8 62.5 99.5 83.3 98.5
Colorectum 10 100.0 98.0 71.4 100.0
Endometrium 10 90.0 99.0 81.8 99.5
Gastroesophagus 17 94.1 99.5 94.1 99.5
Liver/cholangiocarcinoma 8 100.0 99.0 80.0 100.0
Lung 9 88.9 100.0 100.0 99.5
Ovary 9 100.0 99.0 81.8 100.0
Thyroid 8 100.0 100.0 100.0 100.0
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