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Telomerase Activity in Urethane-Induced Mouse Lung Tumorigenesis

Ji-Sun Song - Soon-Hee Jung' - Sang Yeop Yi - Hwa Eun Oh - Mee Yon Cho'

Department of Pathology, Kwandong University College of Medicine, Goyang; 'Department of Pathology, Yonsei
University Wonju College of Medicine, Wonju, Korea

Background: Telomerase activity in precancerous conditions of lung adenocarcinomas has not
been well studied. This study is designed to investigate the role of telomerase in premalignant le-
sions of urethane-induced mouse lung adenocarcinoma. Methods: We harvested A/J mouse
lung tissues at 3, 6, 9, 12, 28, 41, and 48 weeks after intraperitoneal urethane treatment, and
classified each lesion in terms of histologic findings. We examined telomerase activity using a
modified version of the telomeric repeat amplification protocol assay using both gel-based and
enzyme linked immunosorbent assay methods. An immunohistochemical analysis of proliferating
cell nuclear antigen (PCNA) was performed. Results: In urethane-induced mouse lung tissues, it
was sequentially developed from hyperplasia, adenoma, and eventually to adenocarcinoma.
Telomerase activity began to show a positive level in tissues with no histologically visible nodule
after urethane administration. It revealed a statistically significant increase in hyperplasia com-
lung tissue (p<0.05), which was proportionally elevated relative to adeno-
ma and adenocarcinoma. There was a direct correlation between telomerase activity and the
PCNA labeling index (p<0.05). Conclusions: The elevation of telomerase activity in normal-ap-
pearing lung lesions is thought to be a possible marker of early detection of pulmonary adenocar-
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Fig. 1. Gross findings of the mouse lungs at 9 wk (A) and 41 wk (B) after urethane administration (1 mg/g i.p.). At 9 wk (A), several tiny white
nodules are scattered through both lung fields. At 41 wk (B), many protruding masses of variable sizes are noted with focal pneumonic con-

solidation.

©

Fig. 2. Sequential histologic findings of the mouse lung tissues after
urethane administration. (A) Alveolar hyperplasia developed at 6 wk
shows preserved alveolar structure and no cytologic atypia. (B) Ad-
enoma developed at 12 wk forms solid nodule with obliteration of
contiguous alveolar spaces by proliferating uniform epithelial cells.
(C) Adenocarcinoma developed at 41 wk reveals a heterogeneous
growth pattern of malignant cells showing papillary structure or cyto-
plasmic vacuolation and infiltrates into the adjacent alveolar spaces.
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Table 1. Histologic features of lung nodules at the different time
point after urethane administration

Paiod  No.of . o Mean size of
Histologic findings ~ No. of nodule  nodule at each
(wk) mouse .
period = SD (mm)
3 6 Hyperplasia 1 0.08+0.20
6 6 Hyperplasia 6 0.18+0.10
9 6 Hyperplasia 17 0.27+0.11
Adenoma 2
12 6 Hyperplasia 19 0.41+0.15
Adenoma 4
28 6 Hyperplaisa 1 0.73+£0.31
Adenoma 35
Adenocarcinoma 1
4 6 Hyperplasia 6 1.23+0.85
Adenoma 19
Adenocarcinoma 31
48 3 Hyperplasia 6 1.24+1.28
Adenoma 7
Adenocarcinoma 11

SD, standard deviation.
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e e B 212 o BN AL
7 bR SJSHL, urethane S ol AR A6% 28 oF}
A RSN elsto), Ao} A2 A Wee) 9 %
L7F A I s AE o AUSITHF. 3).

ELISA detection WO 2 A3 A28, Al41E, A|485-2] o=
o 4t Qb At 34| 9] H] 224 telomerase ST S
o] 7}=3519cE 24 At 2L telomerase LS HolX|
Gkokont urethane o] & A3FHE= 9FSh telomerase 2
7} ep] ARele Ao RriAle] I et
A717) ZBakeka5 EA w7 AR STk

FAH O & 279 telomerase Y= HTE §-2]3t ZfolE
Q] AJ7]+= urethaneS £0J5t 3 AJ125A K EIAL, A28, A4l
E A48T A9 telomerase EAJE7F I urethane-g Foi5}

Table 2. Correlation with the histologic classification and size of
each lung nodule

Histologic Size of nodule (mm)
o No. of nodule

classification Range Mean +SD
Absence of lesion 0 0 0
Hyperplasia 56 0.10-0.95 0.34+0.20
Adenoma 67 0.30-1.50 0.74+0.312
Adenocarcinoma 43 0.50-6.00 1.69+1.12°
Total No. of nodules 166

Absence of lesion, a group of mice with no visible lesion grossly and histo-
logically after urethane administration.

3 <0.05 vs absence of lesion and hyperplasia; "p<0.05 vs absence of le-
sion, hyperplasia, and adenoma.

SD, standard deviation.
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Fig. 3. Gel-based detection of telomerase activity in normal and urethane-induced mouse lung tissues. Telomerase activity is not detected in
normal lung tissue (NL) of a control mouse that is not treated with urethane. The levels of telomerase activity are gradually increased accord-
ing to the period after urethane administration labeled at the top of the lanes. CHAPS lysis buffer (NC) and heating (Ht) samples are used as
negative controls. TSR8 and positive control cells (PC) supplied by the detection kit are used as positive controls.
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Histologic classification

Fig. 4. Correlation with the histologic classification and telomerase
activity. The levels of telomerase activity of each group are present-
ed as the means (dots) + standard deviation (bars). A criterion of
positive level is presented as a dash line. The lung tissues with no
urethane administration (control) reveals negative levels of telomer-
ase activity. The lung tissues with no histologically visible lesion af-
ter urethane administration (no lesion) show low positive levels of
telomerase activity. As the histologic grades progress, the levels of
telomerase activity are gradually increased.

o EAARTE FOlol EROH], AUSTEE ABFLHE A
28571 Al20) EAXSTE §0f51 S 9ktHp<0.05)
E ARE AFE 27t 248k Ane BEsias o), 44
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4o gl i 2| OAES} APE TUSF PONA A
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g
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Table 3. Correlation with the histologic classification and telomer-
ase activity in urethane-induced mouse lung tissue

Histologic No. of mouse with  Mean telomerase

classification measurable data activity + SD p-value
Control 4 0.04+0.02 <0.057
Absence of lesion 4 0.21+£0.04

Hyperplasia 11 0.27+0.08

Adenoma 9 0.36+0.04
Adenocarcinoma 10 0.53+0.15 <0.05°
TSR8 1.23

Total 38

Control, a group of urethane not administrated mice at 3, 28, 41, and 48
wk; Absence of lesion, a group of mice with no visible lesion grossly and
histologically after urethane administration; TSR8, positive control of telom-
erase activity.

éys hyperplasia, adenoma, and adenocarcinoma; °vs absence of lesion,
hyperplasia, and adenoma.

SD, standard deviation.
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oA E FoloA 52 BEAAE EATHP<0.05) (Table 4).

Telomerase E4E2} PCNA BEX|X|40| A4S 2t

Alelt AF o] ZAskA] Aok telomerase A E2F PCNA 3%

A7) A5 BAS Pearson AT B4 0] §510] BASIHE

Table 4. Correlation with the histologic classification and PCNA la-
beling index (LI) in urethane-induced mouse lung tissue

HiStO.IC.)giC. No. of mouse Mean PONA p-value
classification ' LI+SD (%)

Control 7 6.86+3.40 <0.05%
Absence of lesion 6 12.87 +3.50

Hyperplasia 13 16.83+9.54

Adenoma 10 36.56+9.87 <0.0&°
Adenocarcinoma 10 60.07 £15.64 <0.05°
Total 46

Control, a group of urethane not administrated mice at 3, 6, 9, 12, 28, 41,
and 48 wk; Absence of lesion, a group of mice with no visible lesion grossly
and histologically after urethane administration.

ays adenoma and adenocarcinoma; ®vs control, absence of lesion, and hy-
perplasia; °vs control, absence of lesion, hyperplasia, and adenoma.
PCNA, proliferating cell nuclear antigen; SD, standard deviation.

Fig. 5. Proliferating cell nuclear antigen (PCNA) immunoreactivity in
urethane-induced mouse lung tissues show alveolar hyperplasia (A),
adenoma (B), and adenocarcinoma (C). The PCNA positive cells are
increasingly expressed, as the lesions progress histologically.
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Table 5. Correlation analysis between telomerase activity and
PCNA labeling index (LI) in urethane-induced mouse lung tissue

Telomerase activity PCNA LI
Telomerase activity r-value 1.000
PCNA LI r-value 0.7522 1.000
p<0.05.

PCNA, proliferating cell nuclear antigen; r, correlation coefficient.
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