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Biomarkers for Lung Cancer

Over the last decade, intense interest has been focused on discovery of
biomarkers and their clinical uses. Lung cancer biomarker discovery has
particular eminence in this field due to its anticipated critical role in risk
stratification, early detection, treatment selection, prognostication, and
monitoring for recurrence of cancer. Significant progress has been made in
our understanding of the steps involved in lung carcinogenesis and in
development of novel technologies for biomarker discovery. The most active
areas of research have been in promoter hypermethylation, proteomics, and
genomics. Many investigators have adopted panels of serum biomarkers in
an attempt to increase sensitivity. Markers for identification of lung cancer
patients who may benefit from targeted therapy have been developed more
rapidly. Development of targeted lung cancer therapy has engendered interest
in markers for identification of optimal candidates for these therapies. Despite
extensive study to date, few have turned out to be useful in the clinic. Even
those used in the clinic do not show enough sensitivity, specificity, and
reproducibility for general use. All biomarkers identified so far must be
validated in larger clinical cohorts. (J Lung Cancer 2009;8(2):67—77)
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Table 1. Potential Biomarkers from Specimens of Human Various Cancers

MGMT (methylguanine methyl-transferase), hnRNP (heterogeneous nuclear ribonucleoprotein), LOH (loss of heterozygosity), FHIT
(fragile histidine triad), TMS-1 (target of methylation inducing silencing), RASSF1A (ras association domain family 1A gene), DAPK
(death-associated protein kinase), APC (adenomatous polyposis coli), hTERT (human telomerase catalytic subunit), CEA

(carcinoembryonic antigen) NSE (neuron-specific enolase)
Sputum:

Mutations of K-ras and p53; epigenetic changes; methylayion of p16 and MGMT; overexpression of hnRNP A2/B1 and other

members of hnRNP family
Circulating genes in plasma/serum:

Mutations of K-ras, p53 and A -tubulin genes; LOH of FHIT; promoter hypermethylation of TMS-1, RASSF1A, DAPK, APC genes;
detection of hTERT mRNA; presence of elevated cell-free circulating DNA and RNA levels in cancer as compared with healthy
controls and patients with benign diseases; detecting abnormal proteins/peptides, for example CEA and NSE

Autoantibodies in serum:

Detection of antibodies against p53: glycosylated annexins | and/or IlI; anti-p40; antineural and antinuclear antibodies; MUCI; livin

and survivin; c-Myc and L-myc
Breath analysis:

Detection of volatile organic compounds (VOCs), mainly alkanes and aromatic compounds
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Table 2. Characteristics of the Ideal Tumor Marker
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* Specific production by premalignant or malignant tissue early in the progression of disease
* Produced at detectable levels in all patients with a specific malignancy

* Expression in an organ site-specific manner

* Evidence of presence in bodily fluids obtained non-invasively or in easily accessible tissue

* Levels related quantitatively to tumor volume, biological behavior, or disease progression

* Relatively short half-life, reflecting temporal changes in tumor burden and response to therapy
* Existence of a standardized, reproducible, and validated objective and quantitative assay.
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Table 3. Protein-Based Biomarkers in Detection of Lung Cancer: Currently Available

Diagnosis Thgrapy Prognogs Ontology Details
monitoring monitoring
CEA AdenoCA, LCLC (>10 xg/L) AdenoCA, AdenoCA, Cellular component Use in combination with
Advanced NSCLC Cell membrane: lipid CYFRA.
NSCLC anchor Often elevated in smokers.
Immunoglobulin
superfamily
CYFRA21-1 NSCLC, SCC (Sensitivity for ~ Advanced NSCLC, SCC Structural constitutent of Often elevated in patients with
NSCLC varies between 23 NSCLC cytoskeleton benign lung diseases.
and 70%)
TPA NSCLC, SCC — NSCLC —
ProGRP SCLC (>200 ng/L=Highly SCLC — Neuropeptide hormone Increased in renal failure and
suspicious) (Sensitivities for activity some benign lung diseases.
SCLC range 47 ~86%) Use in combination with NSE
NSE SCLC (>100 rg/L=High SCLC SCLC Phosphoglycerate Use in combination with
probability) (Sensitivities for dehydrogenase activity ProGRP
SCLC as high as 74%) Subcellular location May correlates with short
(cytoplasm) survival
Increased in inflammatory
diseases
Tumor M2- AdenoCA (Sensitivities for - AdenoCA Pyruvate kinase activity  Increased in multiple
pyruvate SCLC range 50~71%) Glycolysis malignant diseases and
kinase Cytoplasm some inflammatory diseases

CEA: carcinoembryonic antigen, CYFRA 21-1: cytokeratin 19 fragment, TPA: tissue polypeptide antigen, ProGRP: progastrin- releasing
peptide, NSE: neuron-specific enolase, AdenoCA: adenocarcinoma, SCC: squamous cell carcinoma, SCLC: small cell lung cancer,
NSCLC: non-small cell lung cancer

(glycolysis) B Z=o]th. o] 7HAHA Azl 44| E9Tol| A
ZRi. et o A

o s 6) Tumor M2-pyruvate kinase
424 ARl G5t A Eel

EACae A AEEE BE Tumor M2-Pyruvate Kinaset= pyruvate kinase2| 2-5%A} 4%
WREE 74% AEE o, AsEo] e A+ &> 4 B2 QHA| el A Zhohol g Wk H L o] A&E ofY] dF
L7117k} odxkAlo] lvk(16,17). CEA, CTFRA 21-1, SCC AeliEnt ohdel vhbA] AW A = Agditl 53
Ag, NSE =3 ww 2 #loh Agke] M1 es Z7HAZ & #e] RIZAEE 50~71%0]32(13), A%tellA 7H 22w
Sou}, oleldt EAASE Solwrt WoldA AR HF S Heleh o] EARE ohube Xz & Ae] U
o ZAGE ol 514 Shith. et ol 5 Ag A ol 482 FE Uek

3 mUE e 489 & doks HaSo] 9t
7) C-reactive protein

5) Progastrin-releasing peptide o AL =
g & bep C-reactive protein (CRP)&= = E3hsl W odZA A3}

= R o
Progastrin-releasing peptide (ProGRP):= gastrin-releasing ol A A<t} v E HGoll= SolH oA+ ¢EA|W, CRP
peptide (GRP)2| M85 A3keh2 AFAo|ct. GRP= ¢ & TX 9 Ao dAFE dEstedl f&sich 2T ATl
B TF719 A HEH Aol A AAtEo] T EF FH| wEm G 109 o] 70173 4E e E £ &
= A3ttt o] el e AR A A AZAE F CRP= §Fe] HAY 91814 o] S7beta, =Iokat 7Hd &2 o
7FetA Y, wjul| 2 LA ZQ el A] vl QubA & ALE-H e 4 HA S EAvH19). CRP 74 7H4=9) d3o] 9l CRP
a

A ELNA IR EE 47~86%°]tH(12). L& ProGRP2] A2} Ho| ote] 9L =79l dTE|o] Q) YH
A0 7 dFZ |2 FE glrh ProGRPIF NSEXE &4l Froll Al nHAedZ3} o] Aol <3k whol 7| A Aell7} ukA o
EQbol|A] X gofl 3t vhg5 ZUEE 317] fal A A ol =t fkelzt 7ol dcka Haslgich
25v}(13,18).



8) Epidermal growth factor receptor

Hl A G2l &2 el Z™ollA] Epidermal growth
factor receptor (EGFR)¥} A|E W tyrosine kinase2] %&ol|
ate] W A7t o] FolH L, o|¢t PH YA EE
tyrosine kinaseS & A| 3} gefitinib, erlotinib¥} 74 24 &
AE3} extracellular EGFRO ™gF monoclonal antibodies®
2}-8-8}+= cetuximab¥} panitumumabe] 1t} E9H o] EGFR
< tyrosine kinase inhibitorsoll tgh ¥H-5-3} AgAo] Qa
| Aol 4] EGFR copy 2} mRNA B8-S o} 2 £ 9 ¢}
w2 ANEAh20). A =l EGFRS
EGFR copy 5 ZZ A ellA SAslaL, e A7t A&
SpAE Adishid ol 52 + ek

¢

)9

9) Other markers
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Table 4. Gene-Based Biomarkers in Detection of Lung Cancer: Potential

Groups Types of genes

Chromosomal changes Deletion of the short arm of chromosome 3 (3p)

27~88% in circulating DNA of lung cancer

Associated with an increased risk of lung
cancer recurrence after therapy

Hypermethylation Serine protease family member-trypsinogen IV (PRSS3) —
Tissue inhibitor of metalloproteinase (TIMP)-3 —
Death associated protein (DAP)-kinase
P16, FHIT

Genetic changes K-ras

p53

20~30% in circulating DNA of lung cancer
27% in circulating DNA of lung cancer
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S+ 31x}oll 4] RAR 854 A+2] P2 hypermethylation®} DAPK
9] unmethylation 27| 9 ZHe] F 23k of|&eAtetar sf
Atk

HERE | Zofl F-elutatel| A AJ3YRE Aol 4] histone meth-
yltransferase®] SNP&= #|$He] 1A & 2w Al S7HA7]
= AF Adbe] glrkar sl givk(ss).

5) @3 uhA S

FAB NS F vhol enirle] AAY WAAE BT
s, ol Aie] AT AGEE AE o ol 2uk]
& 2l Aoleh DNAS] 2243 E vhol 2obAE gt vt
120k 5 RS AREAT, QS Sol ot Y,
o] ui-¢- Ft}. o]= mRNAZ} A A AelH 75
13 445]1] ok7] wiiEeltt. & ‘?l*ﬂ 71]
Eihha 9 Ao Feld 9
1= £ B ‘%l—ﬂ—,é_fj alternative splice variants, protease
cleavages, post-translational modifications (glycosylation, phos-
phorylation, ubiquitination, methylation, acetylation &) w]3-ol|
W Rk melth ol2lit ol 2 Wil vpol 2rlA
£k §3, 9 Aeboll Wt Mt o] SolHolojo} sk
#|oF kA npo] QulF = hulA od= 3Lof] wlE} serum

biomarker, tissue biomarker, sputum biomarkerZ HF3 4

ek MRS oF H9lol HelR o AT Fo e
ol Hrt 2AAAE B3l A

qk oyl QA Arhdoleh EE EAFE(immune cell,
cytokines, immune or inflammatory responseol]l °|3t f-%&

sk 242 o TR
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%Xﬂﬂ‘ﬂ, °]T'E —7-5751 734*% ol A %L zZ ol A A=
vlo] @ u}A 9} diseased tissue microenvironmentol] 4] ¥ AJ =
circulating protein fragment$} diseased tissueoll 4] =% =

febe WA AE} T vhol oAl T3

BAe 270 w054 A%, A8 1S Bojel7] wlE
ol |olo] 71 A A% AR AL A7 Ar) LA

Be ol el Qe Walg sl s shol o|FolA]
], olu] e FH ulo] eulA7t AFE I 9rk(56,57).

o],zl olxl-z% oz A}»S—E]Z] 014_ 7]..__/H o] oll— \gi—él
¢k whol eubF FAkEo] Ark(Table 5).

(1) hnRNPB1: hnRNPB1, RNA-binding protein< 1% 4}3]
A|ZE3bol| A E3lA] mRNA A 23} RNA Fedro]of] 3hoi3t
t} o] chiiF o] Aol A WaE = 3¢ 54 Akl =
|k el AT dgke] v} a3 o] gl =
7] dlgellA BesA Ak 2 Al oshH
hnRNPB1 4] &= tHZT 12%9F ¥] 2 ] =h3katel| A=
46% %2 F7Fst3Att.

(2) Telomerase: Telomeres®] 7] FAAS] & K
sl F2EA A&} Telomeres] 7]59] iﬂi]”d St
o At Aol Fod gL
catalytic component (hTERT)&= o2] oA F7lsta,
EGFRL |4 £ S718tel. Miura 5(58)2] H.atof| <
st 1127 H|g2Ae) 807 tlZFoll A quantitative one-
step real-time RT PCR (reverse transcription polymerase chain
reaction)S ©]-&&}o] hTERTS} EGFR mRNAS &4 419
% hTERT mRNA copy numbers & W 7], Ao], At}
39 ek hTERTE

3t} Human telomerase

ZA7} 3L, copy numbere= X5 ¥ 74

Table 5. Protein-Based Biomarkers for the Detection of Lung Cancer: Potential

Diagnosis

Ontology

Details

Serum amyloid A Lung cancer

Lipid transporter activity
Acute phase response

Elevated to 62.4 ng/mL
(2 ng/mL in healthy control)

Immune cell chemotaxis

Extracellular region
Serine-type endopeptidase activity -
Defense response

Haptoglobin-a 2 AdenoCA

Proteolysis

Extracellular region
Lipid transporter activity
Lipase inhibitor activity

APOA1 AdenoCA

Apolipoprotein A-1 fragment:
downregulated in cancer pateients

Cholesterol efflux, homeostasis, metabolic

process, transport
Extracellular region

KLKB1 AdenoCA Peptidase activity

Proteolysis

17~18 kDa fragment of plasma
kallikrein B1
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d

N7 Ee) Eol %7t 89%, 73%, EGFRY 71%, 80% % H.iLs}
Act. Telomere M85 243t E4& Fv 42
RAP1 W2 #¢t 3bate] AEEE FAAZICHGT vs 15
months) (59).

(3) Survivin: Survivin:= apoptosisg 2 Als} T mitosisE Z
st ghfdolt, oF 24 I survivin 2 FE3F Hl&
A ZH|QE Atol| A] LM oo} AfRkE o3 = A 8
3L, M surviving 7H 2Rk U AEES 7HRIC

(4) Others: Osteopontin®} W32 = 32} =27} I
of|A] WtAx|x wWe] <tsle} odFo] 9lv). Fas-associated
death domain-> NF-kBE H|&4 3} A]7]3L, cyclins D13} Bl
I AzkEo] AEF7)6l A vk H el A
phosphorylated Fas-associated death domain mRNA$} o] kvl
A9 Z7le o] 3ol U ofgks F}. Functional poly-
morphisms of matrix metalloproteinase-9+ |t W9l ¢4
A 8 Ak dsto] vk H3F A kAol Al soluble
E-cadherine] %7}¢tt}. Plasma kallikrein B1 (KLKBI1) frag-
ment7} 1St Zghol] &3k nlo] eulA ZA 7HeA & A4l
3}931, KLKB19] 18 kDa fragment (H4 domain E3})-2 =
Aol Al =4 A= At

6) A} FAA: 2007 Chen 524 Y oAl F
o ol AR ATAIE B3 s19lch Chen 5 5574
N5 W 27 Ak 2N microarray £4S 542}
o AEE P43 BAH 167 A4S DA ol F
RT-PCR & 53l 57}A 544}, dual specificity phos-
phatase 6, monocyte to macrophage differentiation associated
protein, signal transducer, activator of transcription 1, v-erb-b2
avian erythroblastic leukemia viral oncogene homolog 3,
lymphocyte-specific protein tyrosine kinase-s 2Fls}ic).
U4 e FAAE M BAE 5% F 59 ool ol
% QAT A A9} 3~ Bk w O
randomized clinical trialsoll 4] genetic profilinge EZ &
3 ofAloll i ST AZ 4 9 Aol

Human genome project 573 o] 3 w7 ) (proteomics)zh
= AEE FEorE Vel =k A Al e -
B2l &2 &S (isoforms, modifications, interactions, func-
tional structures %) E3F8F YA large scale characterization
< ¢Julgtc}. Protein separation, quantification, identification
7+ protemic technologis®] 27|29l WAL R1FH o7 o}
B2 AFE 7 sller, (il 7l5S A% Al olsl
g5 A Bl FRE 22 ) AAA 2
(whole expressed proteins)& AHFE 02 ZHE3SL 4= 9lo], 2k,
A&, olF& Hrkste] o X g5 WS Al

T

i
]
ek
A
ra
JE
e

A4 Aol A g A A o1 T (proteomic study)= T 7HA]
Zol| A §F nlo]emlA Hokol HE F At AAE
Protein profiling & &, 14| %] ghuld wbd] o5 K 44|
Ho g o] o] goigt Q1A Hte] viAZ A&
T v ARIA] glste] HF A X Bl Ews
% 4 At} E# matrix assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS)< o] &3}
of Ae3t A7)9 A4S AAs] A TS 29l
S Qo] AEE ¢F vto] QulAE WA = Qlr). o] W
HE E8) dHgoll4 & amyloid A2} macrophage migration
inhibitory factor’} Z7}3hg #elslsich. 34 ATZ enzy-
me-linked immunosorbent assay (ELISA)< 53l amyloid A7}
HG kAol A F7FstaL, macrophage-inhibitory factor= |
hEak ofdel e AW E Frksle] RS olee &
Qlsliel. o] o ¢l ol A & surface-enhanced laser des-
orption/ionization time-of-flight mass spectrometry (SELDI-
TOF MS)= o| &3l "N ] chulA peak patterne 3L,
Nzrd oF RS FES 5 Ak HE AFA = 158
g #HQF gAke} 50 =] HHE
peak pattern©. 2 B| A ZH| Y& Ak
91.4%% Hastgich

6) t}2 E=}8+4 nlFA E: Cytokinesis-block micronucleus
assay©= Als E<H8A ol gt vlo] LulA Z A, NNK (toba-
cco carcinogen)oll &3l F-E5 = FAA £48 o] v o
2 ufg vizkslA 25 5 A, Hg A9 dEAE
A&E g ek A e S43E FAEA S Foke]

0

DNA adduct 4% W& uobE o] kg vd 4 9)
=, ZF oA adducts &st= Aol & AEA A+

EFE AL F Arke0).

Y3 Mitochondrial DNAE §F who] emtAZ A& 4 9l
<8, Jakupciak (61) Z]<ol| rapid and high-throughput
sequencing B © & mitochondrial DNA©I|A] sequence vari-
antsE Zlstqich. St Ak 93l 27] Al 715 A
A2 Agste AL Su| R Aot 3k AFolAE A
74 At Ak} A7 z2de FAEE B
M3 = oolvka B skgleh62). #HYE Akl A& volatile
organic compounds, & alkanes¥} aromatic compounds”} %t
SolAa 27 uf F71E wiEH ) Poli 5(63) 7] Al
U2 F7]ollA 13714 &3 volatile organic compoundsE &
Aslo] 80% FALollA Hghe FHE F ek sk

Wang 5(64)> AR LS} So| 25 F7HAF17] fste] &
73t Aol A ol7] 7kA] DNA 4] A5 £33)0], meth-
ylation-specific PCR ¥ 2.2 A7}A] & A f-AAe] =



AR AeldstE &Qlslglar, 799 9] dHgehal ke A
LOHS$} microsatellite instability (MSI)S ©]-8%}o], 871 mic-
rosatellite markers®] EQF4AlS 2ot} =38k Greeng-
berg®} Lee (65) HAIghE 913 2ol 7IZHES} Sol
525 7 98l sAAES sk WHoE AYS &
Asle] LOH H-9 D9S286, D9S942, GATA49D12, D13S170,
MSI $-$] D9S942, p16INK4a2} RARbS| methylation & 771
9 nfo] QulAE Zollirt.

HIAFA Q) B T3 Ak vhol 2mbA 9] A2 =
ool X got Awkel] 2R A& A & 5 9t o]l
vlo] emF = CTollA e ¢4 = 243} 27 =
He = 9la, o A 7o ' 3R]l SAlel we Hl
& AEE 7HssAl & 5 ek 2y A o] & 5 9
7 A E s HIsh vhol embA = AR, £, ol %, o
heE 7t ¢ e AR =2 Lk
oj7 ¢kome, &3 Ht npolewAE Z7] fHA =
areE|ofof & Ho] girk. wA A A

ofo
N
N
ofr
ot
ot
X
<
N
N
ofr

<!
22 v AW Edslo] thekd ArollA £A s Hot
of gtel. A= 7] WAl Jjo] Hjbe] Boldt of
% (specific subtype)ell 235 2 w5 So]Ho|a A ¢
o] gt who] eulA Aol FF Mok gteh. A= st
EA4AQ vtol eutAR o 2= HgE & AU Hrtet
7] o121$], 2= 9] good biomarkersE 37| A3l AA]
Aol o3t HHE qlojof 3t

b3t g e BEAAETH, A Wkl of
Sk BRGNS od ot v 9 vlo] ewlA ] ubE Ths
she}, AlEA] €4-= high-throughput tech-
nology®] o] uko] emp7| Hbgol] A3t ke Fe
o, gk Ak g A7k FQk vho] QulAof] i3t AT Fut
Ho g2 o] FolA A, W ATE 3l =2 RIFES 5ol
55 B3 3k

e o]f3t ATt A TR A, AEA 5, A
T 7He] EUX] 5o FAI7F o], B nlo] eulA Q1
larger clinical cohortsollA] =] o]of gtr}, o] 39} Ak &
2 g2 Mstel] 3t vho]l empA = & k= Zolw, wh
£ AL ol HQke] =71R5kE 913 A&3 vlo] 2wl
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