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SUMMARY

Normal thyroid cells from 13 individuals treated
surgically for malignant or benign thyroid tumor
were cultured in vitro and radiation-induced
cytotoxicity was studied. The mean lethal
dose (Dg), quasi-threshold (Dg), and extrapo-
lation number (n) of survival curves of normal
human thyroid cells assayed by colony formation
were estimated to be 85.923.6 ¢Gy (¢Gy=rad=
1/100 Gy), 40.8+7.4 ¢Gy, and 1.7 +0.2, respec-
tively (average for 13 individuals & standard
error), ‘These results suggest that proliferating
human thyroid cells are more sensitive to X rays
than most other nonhematologic mammalian
cells in similar assays.

Cell survival was not significantly affected by
sex, age, or disease of the cell donor. However
the number of samples currently available is
too small for definitive conclusions in this
regard,

INTRODUCTION

Irradiation to the head, neck, and chest during
childhood increases the risk of thyroid tumor as
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demonstrated in studies by Duffy and Fitzgerald,'
Simpson et al,>® Clark,* as well as Rooney and
Powell.’ In addition, studies conducted by
Parker et al® and Ezaki et al’ indicate that
Hiroshima and Nagasaki A-bomb survivors are
at increased risk of thyroid cancer. Of 5635
cases of thyroid surgery for nodular lesions
conducted during the period from 1972 through
1981 at the Second Department of Surgery,
Hiroshima University School of Medicine,
thyroid cancer accounted for 225 cases, of
which 41 cases (18 %) were A-bomb survivors.®

Radiation effects can be broadly classified into
acute effects and late effects, including carcino-
genesis. In mammals, the rate of radiation-
induced carcinogenesis increases with dose to
a peak between 3 to 10Gy. According to
Modan et al,” even at radiation doses from 6 to
30 cGy, the incidence of thyroid cancer is higher
than the spontaneous rate.

Experimental evidence suggests that 1on1zmg
radiation is an initiator of carcmogenems
Radiationdinduced damage to and misrepair
of the genetic apparatus have been unphcated
in both ceil killing and cell transformation.!?
Studies of cell survival and of postirradiation
repair processes are essential to an understanding
of radiogenic neoplasia,

This study, which used a recently developed
technique for the culture of human thyroid
cells in vitro, was conducted to examine X-ray-
induced cytotoxic damage to normal thyroid
. cells.

MATERIALS AND METHODS

Normal Human Thyroid Cells. Thyroid tissue
was obtained from 13 patients who underwent
partial or total resection of the thyroid for
benign or malignant tumors at the Second
Department of Surgery, Hiroshima University
School of Medicine. None of the patients
received any therapy prior to surgery.

Only normal tissues were used for this investi-
gation. Detailed procedures for the preparation
of primary human thyroid cultures have been
described elsewhere.'>  Briefly, tissues were
minced into pieces approximately 1mm® and
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then stirred gently in 0.2% Worthington type
collagenase diluted with phosphate-buffered
saline (PBS) for two hours at 37°C. The cell
suspension was passed through a nylon filter of
53 um average pore size in order to remove
large cell aggregates. The filtered suspension was
then centrifuged at 1,200rpm for 10 minutes
and the supernatant discarded. The packed
cells were resuspended in complete culture
medium (Table 1) and plated in 60 mm diameter
culture dishes. Four to 10 days later, expo-
nentially growing epithelial cells were trypsinized,
and appropriate numbers were plated in culture
dishes containing complete growth medium. The
cell numbers plated were chosen from estimates
of the plating efficiency (PE) and surviving
fractions at each radiation dose so that
approximately 40 colonies would develop per
dish.

Plated cells were placed in a humidified incubator
at 37°C in an atmosphere of 5% CO, and 95%
air. After allowing attachment overnight, the
medium was removed and the cells were x-
irradiated at a dose rate of 6.38 Gy/min with a
Softex X-ray machine operating at 40kVp and
5mA with 0.2 mm aluminium external filtration.
Immediately after irradiation, fresh medium
was added to each dish. The culture medium
was replaced with fresh medium a week lafer,
Fourteen days after irradiation, the cell colonies
were fixed in the culture dishes with 10%
formalin and stained with Giemsa.
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TABLE 1 CONDITIONED MEDIUM

#1 W
Basal Medium
GMEM + HAM’s F-12 1:1)
Glucose 1.5 g/liter
Penicillin 1001U/ml
Streptomycin 100 pgfm}
Growth Additive
Fetal Bovine Serum 2.5% (viv)
Insulin 10 pg/mi
Hydrocortisone 20 ng/ml
Transferrin Sgiml
Glycl-1-Histidy)-L-Lysine Acetate 10ng/ml
Somatostatin 10 ng/ml
Epidermal Growth Factor 10 ng/ml
Thyroid Stimulating Hormone 10 mUfml
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Evaluation of Reproductive Survival. Among
the macroscopic colonies produced, those with
50 or more cells were designated -as viable, while
those with less than 50 cells were considered
as abortive, nonviable colonies. The sex, age,
tumor histology, and A-bomb exposure status
of the cell donors were not revealed to the
investigators who counted colonies.

For each experiment, the PE was estimated as
the total number of viable colonies counted in
the unirradiated control dishes divided by the
total number of cells plated into those dished.
The surviving fraction at radiation dose D was
estimated as

aO-—-HREMEORE. BRIAZABTHERS
JTu=—®% %, O Lozt obor T
qg=—k L, S0kFiofizs oo, HE
FEETHEERTHE I — & LA, #REHRE
DFE - ER - FEEHEEE - FRERARE, 29 =—
B AETFEZ CIWES LS5 L.

BERUIOWT, HEBsRE s T iR
wallohOEETfEL 20 - 0BBEEIL6D
ML Mo 8T a 210k PE 3%
Lk, BESBEDTOSESEE TRO L &R
L.

55 =‘(no. viable colonies at dose D)/[(no. of exposed cells plated) x PE].
Sp=(BEDLHHIEFETELIo~2) / [ (HEISHEOHELY) X PE]

The multitarget, single-hit model,

BAEEZILVEERTCEBLF -5 ILE2EHEND
H—rv bEFN

S(D)=1—(1 —¢D/Doyn

where S(D) is the probability that a cell will
form a colony after exposure to dose D, and the
survival parameters Dy and n are that mean
lethal dose and extrapolation number, respec-
tively, was fit to the data from each experiment
by the method of maximum likelihood. It was
assumed that, at exposure dose D, the number of
colonies formed followed a Poisson probability
distribution with expected value Nx PE X S(D),
where N is the number of cells exposed. Esti-
mates of the quasi-threshold dose D,, were
caleulated from estimates of Dy and n by the
formulz Dg=Dgy X 1n{n). If the estimate of n
was less than one, Dy was set to zero. Compari-
sons between subjects according to age, sex,
histological type, and A-bomb exposure status
were based on analyses of variance of survival
parameter estimates.

RESULTS

All cells used in these experiments originated
from normal tissue that was surgically removed
along with diseased tissue. The cells originated
from four males and nine females ranging in age
from 31 to 75 years old (Table 2). Six cases
has been diagnosed as papillary carcinoma, six
cases as follicular adenoma, and one case as
medullary carcinoma. Three patients were in
Hiroshima at the time of the bomb. However,
from the files of RERF, it was determined that

AT, 22 L S(D) kMg A MED & #
BLAKRID-—2BRTIWETHY, £F
18 4 — 5Dy R nl3 &4 PHEFEGE & SHEE
THE. EWBERDCI, BRooo— ik, W
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A7y RHEESHICES cREL L. HHEERR
D, Wi EMEIE, BRD=DoX1n(n)I2L3 Dy
R aOHEEE»SRE L. o OHEZENFTRED
BEW D YO L, £F7 A5 —HERD
SR ETE, TRy AR RRMER
R EZHBREMOLBET - 1.

# R S

AHEBICEALAERIET T, RAEEL LI
SRt TBE LA ERMRIERLE ZRE0
MPARAE S STBRETOBEAA, L9 AL
Sk (%£2). 6HIEILTRE, 681 BRLRILE,

1 GlEHEE e B S LT v BE 3 AFER

EEius. LAl BEHORRIZESE, 2055



two of the patients were more than 2,000m
from the hypocenter (0 Gy), while the third
was 1,200 m away (>3 Gy). '
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2 AFIRLHA S 2, 000m IR (0Gy), D 1AR
1,200m3t Bl { >3 Gy) (Zwi.

TABLE 2 INDIVIDUAL RADIOSENSITIVITIES OF NORMAL THYROID CELLS
IN PRIMARY CULTURE
F 2 —RIEEICHTSELEE PRI SRR

Cell Distance
. Sex Age from Disease D¢ Dy n
strain
Hypocenter

83.36N F 31 - FA 993 ( 2.002 312 (8.8 14 (0.1)
83.34N F 32 - PC 779 ( 24) 63.9 (10.4) 2.3 (0.3)
83.02N F 33 - FA 99.0 ( 1.2) 554 (5.9 1.8 (0.1)
83.29N F 33 - FA 81.2 ( 2.0) 47.7 ( 8.7) 1.8 (0.2)
82.42N r 38 - PC 71.3 (10.7) 0.0 ( 0.0) 0.9 (0.5)
83.35N F 41 - FA 809 ( 2.2) 69.1 { 0.6) 2.4 (0.3)
83.13N F 438 - FA 81.6 { 1.5 765 ( 64) 2.6 (0.2)
83.30N F 53 4000m FA 632 (4.1 15.2 (14.8) 1.3 (0.3)
83.33N F 69 1200m PC 92.2 ( 8.5) 0.0 ( 0.0} 0.9 (0.3)
83.08N M 49 - MC 108.7 ( 2.4} 22.0 (11.9) 1.2 (0.1)
83.37N M 55 - PC 99.2 ( 2.3) 41.5 (104) 1.5 (0.2)
83.26N M 60 - PC 846 ( 3.2) 75.5 {13.6} 2.4 (0.5)
83.18N M 75 2600 m PC 719 ( 3.1 318 (12.4) 1.6 {(0.3)
Mean (SE of mean) 859 ( 3.6) 408 ( 7.4) 1.7 (0.2)

1. PC: Papillary Carcinoma FA: Follicular Adenoma

PC: FLEURE FA: EMIRRE MC: MW

MC: Medullary Carcinoma

2. Parameter estimate (standard error of the estimate). Dg and Dy values given in cGy.
7 x— g —HEM (e OMBBRE). Dy iRV D, EO YL Cy.

Morphological Appearance. The cells which
formed colonies were generally rounded in shape
and epithelioid in appearance regardless of cell
density. Spindle-shaped fibroblast-like cells
comprised 5%-10% of first and second passage
cultures.!?

Proliferative Competence. Estimates of the
postirradiation survival parameters Dg, Dy,
and n, of the 13 human normal thyroid cells
in culture are shown in Table 2 and Figure 1.
Although cell strains 83.42N and 83.33N showed
low Dy and n values, the other strains had
definite “shoulders” in their radiation-response
curves, The average Dy, Dy and n values
(+ standard error) were 85.9%3.6c¢Gy, 40.8%
7.4 cGy,and 1.7 £ 0.2, respectively.

TR pegMEl. avo=— S WRL -l
EECHPHSTHLCABTS NG EERT
Hol, HEIR, BREFHAREOMEIEER]
BRUB2HRNDE%~10%5HHT LT

RS, BEL-LBHAOe FEETIRRERO
MauESE»S5HBENE Dy, Dy RUnHEERE
F2RUE LISRT. MlpEkRe3. A2NR F83.33ND
D, i & nfIEIE 2o 2, O RO BRI RS RAR
HRMBIBVWTHELEERLL. Dy, Dg n®
il (HEHERAE) 138 £ 85.91 3.6 ¢Gy, 40.8::
7.4cGy BUL.T20.2TH o7,
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Further analysis of these results provide no
evidence of significant variation in the radio-
sensitivity of the normal thyroid cells from these
13 individuals related to sex (Table 3), age (Table
4), or disease type (Table 5).

DISCUSSION

Radiationdnduced damage to the proliferative
capacities of normal thyroid epithelial cells
derived from 13 patients and grown in culture
have been examined by recently developed
techniques. Dg values of the individual cell
strains in this preliminary study ranged from
63.2 to 108.7cGy with an average of 85.9%
3.6 cGy. Human thyroid epithelial cells assayed
in culture are thus considerably more radio-
sensitive than rat thyroid epithelial cells assayed
in vivo, for which the Dy is about 200 cGy."
Furthermore, human thyroid cells appear to be
relatively sensitive as compared to human skin
and breast cells.' Cox and Masson!® and
Weichselbaum et al,'® using primary cultures of
human diploid skin fibroblasts, obtained esti-
mated Dy values considerably greater than those
seen in this study.

Figure 1. X-ray dose-response survival curve of normal
human thyroid epithelial cells. Mean values for Dy, Dq
and n are from 13 human cell strains. Dg and Dy
values are given in cGy.

E1, b FEmBKEEEAEe XSRRrgT 5 EFE
Bigg. BHOL HERESS Dy DAY n O FHIEF
i, DyERU DyADHEIL Gy THS.
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(#4), RAR(KRS)WCHBELEHEEMT 2
ZEEFTE RV,

# B

B osZzmRL, BEATHMEEAEHPIR
18 b B B o0 BB A 12 0T B B AREE SRR & i
Mt ahAEr L0 BRELL, 2O TFHAVITRI
B33 &Mk Dy H1363.2~108.7¢Gy TH Y,
EHIE 1185, 9% 3.6 ¢Gy T/, TOLIID, ERE
FTRML 2 FRRR BRI, o PO EIRIR
L #ia S FERIC in vive TEHIL Dy A7#7 200 cGy
ThohbDiZlh~, 2% VEEBBREFEHV.E
Tz, b FEEEULBRMAIRIZES, e FRRIR
MR AR S EIFC LI TH S Cox B
Masson'® # 12 Weichselbaum 5 't F #HAHK S
BEEFAan — KB IZLVEBEL D, OREEMAL,
FHRTEAEEIIL 2L REW,
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TABLE 3 COMPARISON OF RADIOSENSITIVITY BY SEX
#£3 RSB E0ERE

Sex Female Male One-way analysis
- ~ of variance
No. of patients 9 4 p-value
Do 83.6 (3.8 91.1 ( 8.1) 0.36
Dq 39.9 (9.8) 42.7 (11.6) 0.87
n 1.7 (0.2) 1.7 ( 0.3) 0.92

1- Mean (SE of mean). Dy and Dg values given in ¢Gy.
P (PHOEEARE). Dy ARV D,ADRIIL Gy,

TABLE 4 COMPARISON OF RADIOSENSITIVITY BY AGE
F4 RSSO R Rk

Age 30-39 40-49 50+ One-way analysis
No. of of variance
6.0
patients 3 3 5 p-value
Do 869 ( 65" 904 (9.2 82.2 ( 6.6 0.71
Dq 39.6 (14.6) 55.9 (17.1) 32.8 (12.8) 0.54
n 1.6 ( 0.3) 2.1 ¢ 04 1.5 ( 0.2) 0.48

I- Mean (SE of mean). Dy and Dy values given in cGy.
P (LYo EERE). Dy R F DM Gy,

TABLE 5 COMPARISON OF RADIOSENSITIVITY BY DISEASE TYPE
#5  BEBERE0RBEY R

. Papillary Follicular .
Histology carc?inoma adenoma One-way'analysm
of variance
No. of patients 6 6 p-value
Do 83.9 ( 4.2)! 84.2 (5.5) 1.00
Dy 355 (12.9) 49.2 (9.4) 0.41
n 1.6 ( 0.3) 1.9 (0.2) 043

1- Mean (SE of mean). Dg and Dg values given in ¢Gy.
Ty (PHOBERE). DAY D, Ao B eGy.
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Except for 2 of the 13 patients examined,
human thyroid cell radiation dose-response
curves showed small but definite shoulders.
Two strains, 83.42N and 83.33N had low Dy,
and n values suggesting deficient repair mecha-
nisms, Human skin fibroblast'® and human
mammary epithelial cell radiation dose-survival
curves'™!? also had small shoulders in culture.
Recent evidence suggests, however, that epithelial
cell repair capacity in vivo may be considerably
greater than that seen in culture.'® For example,
the radiation dose-survival curves of rat mammary
epithelial cells irradiated and assayed in vitro
display a small shoulder,'”®> When jrradiated and
left undisturbed for four or more hours in situ
in the donor animal, and then assayed by trans-
plantation, rat mammary epithelial cell survival
curves display large shoulders (n=17-20), but
have Dg values similar to those seen in culture.
This tissue-environment dependent “‘in situ
repair’” (ISR) process has also been described in
rat thyroid epitheium®® and hepatocytes,!®?
irradiated in sitn. Thus, the small shoulders
seen in the radiation dose-survival curves of
human thyroid epithelial cells in culture may not
reflect their repair capacity in vivo.

No significant difference in thyroid cell radio-
sensitivity was demonstrable between the nine
females and four males in this study. However,
epidemiologic studies of human thyroid cancer
show a marked influence of sex on the late
somatic effects of radiation.” Such differences
in radiation carcinogenesis between the sexes
may be a function of other modulating factors
which are not expressed in cell-survival assays
as reported here. Similarly, no effect of age
. could be detected in this study. Although our
results of the effects of age are consistent with
those of Yang et al™ who used human mammary
epithelial cells, both studies are based on small
simples. Samples will continue to be collected
so that possible influencing factors can be
studied.

Since our samples of normal thyroid tissue come
from patients undergoing surgery for tumor
removal, the influence of disease on the normal
cells was examined. No significant difference
in radiation sensitivity was detected between
cells from patients with papillary carcinoma and
those with follicular adenoma. Only one case of
medullary carcinoma was included among the
13 patients,
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Three of the subjects in this study were A-bomb
survivors. The exposure status estimates data
available at RERF show that two of the survivors
received no radiation exposure from the A-bomb.
The third surviver, located 1,200m from the
hypocenter was not registered in the RERF
files. While all 3 of these patients had small
Dy values relative to 9 of the 10 other patients,
we are unable to attribute this to A-bomb
radiation exposure.

Our preliminary results thus suggest that human
thyroid cells are relatively sensitive to X ray
with small Dg values; Dy and n values were also
small, but should be interpreted with caution.
The sex, age, and disease state of the patients
were not seen to have a profound influence on
the radiosensitivity of these normal cells.
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