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2. WEBLUVAE
2.1 IREHE
2013 4 1 A5 2016 4 12 A £ TORIS, HEeFFRERIF CHRRIIEIER 5210 72 11567 A5 5, I
/R & B2 S duTe 325 A0 & FARBRRDFIH ATRE 72 80 il &4 1], 80 ] & ik & Ein + A RO A E
(XD TRED 4 T N—TIT0HE, 20 BIOIEREIER] O Fiii{A % Control & L THEH],
(i) Lung adenocarcinoma (Ad) with ZGFR mutation (Ad EGFRm+)
(i) Ad with KRAS mutation (Ad KRASm+)
(ili) Ad without EGFR, ALK, or KRAS mutation (Ad wt)
(iv) Squamous cell carcinoma (Sq)
2.2 ZEXREH
ENENDIEFNZDWTIRER N T 7 4 IR OIS Z 4 pm THEIL, RERT 7 4 VU E 28
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2.3 THEMET (PIXE: CRERY//0tO 2 5 —)
a) BIRICxT L, TEREUEYS | (2D & PIXE @ H Rk 1ERK,
b) PIXE {EIC X 0 &5 OB L 2 JE, M2 Ofthoo il /B & it 58 O B IS B U BERE o A >
FHAEM . Driver Mutation (EGFR BE7AR) OfFEA S & ITHE LT,
3. #HER
BETRICOW T Table 1 O Y L72>TWD, Ay bu—/LThDHIFEAER & i L, BAER] T
MR RV EREIEG TIE BN MBI B - 7,

Table 1
Control Adwt |Ad EGFRm+|Ad KRASm+ Sq
(n = 20) (n=30) (n=20) (n=10) (n=20)
Age
median (range) 63 (27-79) 70 (45-84) 70 (50-80) | 72.5(64-79) | 73.5 (54-85)
Sex
Female| 9 26 13 10 1
Male] 11 4 7 0 19
Smoking history
never 10 30 20 10 0
PY < 30 3 0 0 0 0
30 < PY| 7 0 0 0 20
Stage
I/11 - 25 19 10 18
H/1V] - 5 1 0 2
EGFR mutation type
Ex19 - - 14 - -
Ex21 - - 6 - -

FEBAER] & kB L, WEEICHEZENH > 72 78ROV T Figure 1, Table 2 12F & 77,
BAR TN OIREIZB W TIE Co, Cu, Zn, Br MEMIZEETH Y . EGFR &1 128 RGN e
IZBWTIX Cu, Pb A EELE2 L > TEETS 72, KRAS s -2 BEGVERRE 2V Tt Co, Zn 2MENLIZ
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Figure 1: Amount of trace elements in the tumor tissues of NSCLC patients
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Control : tissue from patients without cancer ; p<0.05 (*: p<0.01)

Ad wt: Co*, Cu*, Zn*, Br*
Ad EGFRm+: Cu* , Pb

Ad KRASm+: Co, Zn

Sqg: None

No significant difference:
Na, Mg, Al, Si, Ti, V, Cr, Mn, Fe, Ni, Ga, As, Se, Rb, Sr, Nb, Mo, Y, Zr, and Hg

Not detected: Ge, Pd, Ag, Cd, In, Sn, Sb, Te, I, Cs, Ba, Ce, W, Pt, Au, and Rn

Table 2

FIE IO JEIGHERR & P PRARRR 31T D P& e 3R & %2 IR IE B OkAKR & tfg LU 7= (Table3, Figure2)
M 2 BT Contol T D IEFIEHNIZ L Co. Cu. Zn. Br 2MEBEIMLTE L . EEFFMEMESE I 5
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Table 3A: Average trace element levels (ppm) in the tumor tissues of NSCLC

patients
Control Ad all Ad wt Ad EGFRm+ Ad KRASm+ Sq
{n =20) {n = 60) (n =30) {n =20) {n =10) {n=20)
Co 0.04 0.8 1.01°7 0.25 1.22 0.08
Cu 1.82 3.29” 2.78 410" 3.21 15
Zn 16.59 31.77 32.72 26.03 39.98 11.86
Br 6.51 18.18" 15.97" 21.54" 181 2.78
Pb 4.07 825 8.18 9.11" 6.72 6.4

Table 3B: Average trace element levels (ppm) in the tumor—surrounding tissues of NSCLC

patients
Control Ad all Ad wt Ad EGFRm+ Ad KRASm+ Sq
{n=20) {n =60) (n =30) (n=20) {n=10) {n=20)
Co 0.04 3.14 3.92 1.46 4,15 0.47
Cu 1.82 3.417 3317 3.85" 2.86 4.56"
Zn 16.59 43.25° 47.84" 382" 39.61" 63.46"
Br 6.51 24.65" 25.55" 15.25" 35.45 25.117
Pb 4.07 3.17 3.78 2.19 3.28 0"

=Control: tissues from patients without cancer

+Significant difference compared with control

*p < 0.05; *+p <001

Figure 2: Comparison of trace element levels in tissues between NSCLC patients and controls

(Control: tissue from patients without cancer)
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Abstract

Background: Several studies have suggested that some trace elements may affect the onset of lung
cancer. However, the effect of trace elements on lung cancer carcinogenesis is poorly understood. The
aim of this study was to assess if trace elements may be the cause of carcinogenesis in lung cancer
tissues of patients with lung cancer with a non-smoking history, driver mutations, or histology.
Methods: The study included patients with non-small cell lung cancer who had undergone surgical
resection. For the measurement of trace elements, surgically resected samples were studied using
particle induced X-ray emission analysis. In total, 54 elements were investigated in each sample. Based
on the pathology and driver mutation status, samples were classified into the following groups: lung
adenocarcinoma (LADC) with EGFR mutation (LADC EGFRm+); LADC with KRAS mutation (LADC
KRASm+); LADC without £GFR mutation, KRAS mutation, and ALK rearrangement (LADC wt); and
lung squamous cell carcinoma (SCC). Tissues from 20 patients with a non-malignant disease were also
analyzed for trace elements as controls.

Results: The levels of 6 trace elements were increased in the LADC wt group. Copper was increased in
the LADC EGFRm+ group. Cobalt and zinc were increased in the LADC KRASm+ group. There were no
differences in trace element levels between the SCC group and the control group.

Conclusion: Trace elements may play a role in the pathology and molecular signature of lung cancer.
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