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Introduction

ﬁdisease which destroys
ﬁp& and the feeling of

Entists have tried to

Cancer is th
not only the pati
all the involving

find out the ways L this harmful disease

\\\\nd success have been

r death is a positive

for many decades.
found. In Thailanc
slope in every "y < fiowi- )i kappley in 1968, it was the
seventh of the caus th £t hailand. But in the next

15 years later, in 19383 to be the third after

e

the acc1dent

L The World Health
v R |

Organizatinn(HH' 'SsSdes to prevent and

get rid of this ;ELease- They are 1) imary prevention :

remuvlng rﬂ gng j ﬂmm the development
Secnndarv preventxnn

of new casesy) z early detection on
RN aw’n ?Wuﬁ’ﬁa?ﬂﬂﬂﬁﬁ‘ FEgRLt
is reversible. Tertiary prevention ; the treatment of
the disease to prolong life or limit - disability (2).
Besides these, the follow up of the patients is also very

important to insure the efficiency of all WHO issues (3).

It looks like that the first issue should be the
best method to eradicate the disease. However, it is also

the most difficult method (4,5). And the success of the



third issue is also dependent on the early diagnosis of the
second issue which should be emphasized. It was estimated
that the symptoms of cancer patient will appear when the
malignant cells are increase to 10? cells (1 cm diameter),

calculated as 30 doubling are required from a single

malignant cell (A doubling i& FEfiped as the change of cell

ber from n cells t& ; e _The estimation of the
num -
. - . ———

doubling time for mos ‘ nofrs. are vary between 7 to

120 days. For exam '\'b' o time for breast cancer

has been estimate Therefore, 2,700

days, more than toms. However, the

most sensitive la : - & pick up approximately

10% to 10° cells ‘\'_1aster than physical

examination and x-ra

The 5 ladding of cancer IoCidoneeS( in Thailand are -
. AY )

cancers of the = S ,41-5, celon and rectum,

’l
]
and the stomach }n male, a d cancers of the cervix,

oesst, 0] PN FHHARG o0 e

respectivelvcy,?)- The 10 Jdeading form of canger registered
o QWA TRENAII B s o
fullnu—ua cancer patients should be simple, easy, safe,
and finally, it should be useful for diagnosis the cancer

as early as it can (3).



At the present time, the most promissing method
for the diagnosis of neoplasm 1is the detection of tumour
marker (3,8). The tumour markers are specific substances
which are secreted into body fluid, and detected by
suitable laboratory technique. The tumour marker may be

any substances which rel from tumours and should

associate with tumour - Tumour markers were
divided into four [0), enzymes (9,11,12),
onco-faefal protei such as polyamine,

neucleoside, etc

The most rs are onco—-faetal

proteins, especially rkers are alpha-1-
faetoprotein (AFP) embryonic antigen(CEA)
(18). The usefulnes AEP F 5' ,egneeie in hepatocellular

carcinoma verieg reported by many

investigators dépendings on t ory technique, cause

of the disease Bmd Hop ,1?,&}- The second well

known marker, serum BEA can be af value in the evaluation of
patients wheﬂ & A E mwmmm i .
Monitoring CEA values béfore anés cer therapy

attons ookl biteseia SR IR

of undetected metastasis. But, CEA is not suitable for
© screening. Neither proof of malignancy nor of specific
type of malignancy is provided by the CEA values (18,20,21,
22,23,24,25). However, both popular markers were also
‘elevated in other diseases, such as AFP also elevated in

cirrhosis (19), severe combined immunodeficiency(26), and
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Eigure 1(3) The|relat “tweenl tumour burden (or

. numbépsof cancer gells) and the probability
ﬂuﬂgmg‘njma’alnﬁ of cancer in

various real and hypashetical studies.
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Table 1(7) The 10 leading sites of cancer in male and female

site/in male No. of cases 4
All ;ites 6,773 100.00
Liver 1,081 15.96
‘Lung 890 13.14
Oral Cavity | 7.63
Colon and Rectum 6.61
Stomach 5.24
Skin 4_99
Esophagus 4_46
Larynx 4.12
Nasopharynx 3.97
Penis 3.66
site/in female gﬂ; \_; z

All sites , 100.00
Cervix Uteri ; 2,317 29.09
ﬂumwﬂmwmm
Liver 5ﬂ9 6.39
-GN TN TIRYIAY o=
4_81

Colon and rectum ) . 333 4.18
Lung 327 4_.10
Thyroid 293 3.68
Skin 289 3.63
Uterus 254 3.19




some of other cancer patients (17). CEA was also raised in

many other diseases and some normal individuals (20,21,22).

Also, other groups of oncofaetal proteins were found
such as Bs - faetoprotein , Gamma faetoprotein , Faetal

sulphoglycoprotein  and a-2-faetoprotein(21). And one

of the interesting oncof @in is "Ferritin” which is

Factoprotein (27,28,29).

classified as a memb&F
It has been re , |be : Umour marker for some
cancers such as Kins disease (32,33),
pancreatic cancer 111 ance 5,36), lung cancer

(37,38), and othérs D, AL A2, 44,.45,46) .

Liver and ) Lerice A" he first and second
commonest ones of Ch{-ﬁ_iii- ai males respectively (6).
AFP may be useful _for Soiie (t ljver cancer, but not

.

all. In the gZan time, = #Y Jof lung cancer has

not been found ng; he previous reseLﬁ h of serum ferritin
in both taﬁg‘s nf‘ﬂacar are %kebf?]r %e basis of this
— UEANENIWRIN

q ; : .
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Lung cancer

Lun.g cancer 1is the leading form of cancer in many
countries, particularly in Western Europe and North America
(47). In Thailand, lung cancer has been the second leading

form of cancer in male the last ten vyears. Its

’é) have history of prolong

contact with some : ﬁ. such as benzopyrene
(1), asbestos, GW oth - ,47,48) . It is also
closely related to Qo \ moking for more than

20 vyears. In

incidence 1is relate

,\ cancer patients have

\\. for more than 20

lung cancer are derived

smoked wusually Ta

years (1,48).

Virtually,
from epitheli sue (49) . ghg™ there are several
,7:1_; carcinoma is the -

mnales, and closely

:.:::::;;,ammn'iw W, - I
- A S

related to smaking- A disproportionate recent increase

histologic typ '-‘{

most common m. predo ately

in adenocarcinoma has been noted but may be related to
changing diagnostic practices (48). The third most common
types is small cell carcinoma(47), which is more common in
males and closely related to smoking, however, in Thailand

small cell carcinoma is more common than adenocarcinoma
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(50) . Other cell types, such as large cell carcinoma,
alveolar cell type and malignant carcinoid are relatively

uncommon (2,32,51).

The steps in making a diagnosis of lung cancer in
order are as follows :1) history 2) physical examination

3) chest x-ray study 4) cytologic sputum examination

5) bronchoscopy &) accessible lesion

) easily
4\( (51,52,53). However,

—

7) mediastinoscop

the common metho teps 1-6. There are

three choices f each method depends

on the conditior Wnation of physicians,

they are surgi and chemotherapy,

or the combinati

Lung cancer cult one to treat when

compared with o shown in Figure 2, it

demonstrates ‘—""““'"""—"“-"“'—"i- in USA, in 1981,

in male. The in sutﬁﬁtheir mortality rate

raised to be 34 Zg _In which, gthe incidence is 9% in female
bt 1t A wagwm Theladdl ‘iusnxavs that the
mortality rate was much higher o when compa with the

incisehtal] | G\ 5 I5H UBAINHAR Blrrerane 10

always tun late diagnosis for lqng cancer depending on the

detection method.

. According to the "Cancer Statistics 1981"(7) of the
National Cancer Institute (Thailand). The numbers of lung
cancer registered are 890 cases (13.14% among all.male

cancer) and 327 cases (4.10% among all female cancer). 1Its



incidence can be calculated as the third leading form of
cancer in both sexes (2.56 per 100,000 population). Besides
these, this malignant cancer  is also causing major problems
for both paossible protection and success of the treatment.
The incidence may still be rising in Thailand since the

country is being developed o the industrial country.

To cope withetl .Q&Eﬁcer, the developement

Liver cancer

Liver can e ot h frequent malignancy

‘ 7 )
of males and a leadin® wsesaf¥ dealth in  parts of Africa

and Asia (55), inc *”*?frf? Three major etiologic

¥,

factors are tH With the majority of

cases of liver iﬂnce are el is Blvirus. alcohol, and

aflatoxin; world @ide, about@/?5 percent of cases occur in

raien ] WD ET S WEATIS
RNAAN TUANIAINELID Y i i

history and physical examlnétinn. Diagnostic procedures
using ultrasound are painless, harmless, and have no contra
indications at the intensities used. Computed tomography is
an important advances in diagnostic imagine. This method
utilizes X-radiation to produce an display of the body in
cross—section. The main advantage of the system is the

ability to detect very small differences in attenuation of



SKin T
ORAL &%
LUNG 2%
PANCAEAS %

COLOMN &
RECTUM 14%

PAOSTATE 18%
URINARY 9%

LEUKEMIA &
LYMPHOMAS B%

ALL OTHER

COEDM &

PAOST,
URINARY 5%

LEUKEMIA 8 @
LYMPHOMAS

S

-'1532 Esﬂnwrin cmcen mcl

ENCE BY SITE AND 8EX -

,./"! 2% SKIN

ORAL
26% BREAST
% LUNG
3% PANCHREAS

COLON &
15% RECTUM

4% OVARY
13% UTERUS
4% URINARY

LEUKEMIA &
7% LYMPHOMAS

ALL OTHER

SKIN
ORAL
BREAST
LUNG
FPANCREAS

COLON &
RECTUM

OVARY
UTERUS
URINARY

LEUKEMIA &
LYMPHOMAS

ALL OTHER

Figure 2(54) The f®egtimation

10

af incidence and mor’tar‘ltv of

Fladiea i L) SNUIRT e were tom

q BB T SR

(Nonmelanoma skin cancer and carcinoma 1in situ
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X-Radiation so that structhres not visible on conventional
radiographs ;re clearly identified (57). There are also
other methods together such as liver scan, arteriogram and
others. However, biopsy for pathological examination is

still the cnnfirﬁatnry method (58).

AFP is the well .11 gour marker of liver cancer.

It can be used fored diagnosis (8,17), but
it is not satisfl-f #bds types of liver cancer.
So, other tumotlF GETKors 3 : dncer have been being
searched. Kew @ I erritin is possibly

the second tumou

.yE

] .
AULINENINYINS
ARAINTUNIINYAY
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Ferritin

Structure P erties erritin

Ferritin is an wubiquitous water soluble polypeptide

protein. It is widely distributed in plasma and many organs

of mammalian animals some plants (61). This

polypeptide protein TS0 i - subunits which is

Ferriti aflffge-. shek ieaMbrotein shell with a
hecllow core(63). ihg up to 4,000 atoms
of iron (0.023 ferritin)(64). The

apoferritin (precunge a molecular weight

of approximately

i ‘o 480,000 daltons (63,
65,66) . TN

W )
Ferritin]ﬂas s o E-ubunits which have

been designated asgH(Heart) and,L(liver) subunit (40,67,68).

rese rove AU N I W Fhomste s

(H; 21,000 al].tuns and Lg 19,000 odaltons) (%) amino acid

compos iRl GBI Ebmiddibaic/Actd Vet Bz, 7s0  anc

Lsaelectric points (71,73). The H—subunlt is composed af

22,600 + 200 amino acids and the Lﬁsubunit is composed of
20,300 + 600 amino acids (70,74,75).
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The isuélectric point of H-subunit is less than 5.20
while L-subunit’s is more than 5.20 (71,73). Proportion of
these two types of subunit bring to the 'different types of

ferritin, each of these different ferritin 1is called

') ,iéure 4 and Table 2) .
é’.a

i’**'1=5~ some properties such

"isoferritin" (68,72,7337€

Each of

as the compositig 2 and Table 3) and the

antigenic propg antigenic property

between basic ferritin ) and acid

ferritin ( such is demonstrated

in Figure &. It ferritin reacted more

specific with its fiserum according to the

difference of erty (40,68).

il

W

-

)
.'I I”;
| g i |

ﬂUEJ’J‘VIEJVIﬁWEJ’]ﬂ?
QW’]Nﬂ’iWNWYJﬂEﬂﬁB
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Figure 3(62) Struu}:ure of ferritin (24 5ubun1t5 of ferritin

ﬂ%%%ﬁﬁ’lfﬁ Pt AP gooen -
’QW’IMﬂ‘iﬂJNWl'NEﬂﬁH
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Ei.snng_i(asﬂ uﬁ%ﬂ ﬂvﬁwmﬂ?ritin in IEF

1]{1snelectric facusing technique pl range

AR TRELAIRAT 181 9E) Bpe oo

ferritin which were more acidic ferritins,
with L (liver) and Lc (crystallized liver)

ferritin which were more basic ferritin.

012842
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Table 2(72) The pl values of normal human serum and tissue
ferritins as different source (*denotes major
isoferritin peak).

Serum ‘Liver . Spleen Heart Kidney Pancrease
6.14 6.14
. ! .
5.95
5.85
5.62% 5.95
5.56% 5.56
5.54%
5.45 5.45
5.36
5.35% 5.35%
5.34%
5.30%
5.29
5.28
5.25% 5.25%
: 5.22%
LA 5.19
5.16 -/
Ak 12%
5.04

l.i i
l dF

AULINENINeINg
ARIAINTAUUNING A Y
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; ——
Figure 5(40) Differ--'~--1LAJ nit _composition of each

fei$7m~~ 1 rive in tumour of lung

metastasis : 2 » . Hl} = heart, He = HeLa

cell) .¢ ;gach of fgrritin was dissociated the

fi UBANYRTHYAN T e wie, e

run with acid#urea gel salectrophofgsis, the gel

-0 W1 it WA d L N B o e, areer
5 washed. The vrelative amount of the separated
subunits were estimated from gel scan at S50 nm.

(Bars on the left are motives of each ferritin

before dissociated to be subunit. The right ones

are after dissociated.).
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Table 3(40) The subunit composition of each isoferritin
from liver, heart, HeLa cell and tumour of lung
metastasis liver cancer after estimation from

gel scan, as shown in Figure 5.

HL-subunit(x)

W2

liver 20
tumour 85
heart &0
HelLa cell 30

B A ad ¥
M

\Z
';!

AULINENINYINT
RIAIATUUMINYAE
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ﬂ‘LIEi’JVIEWI‘iWEJ’]ﬂ'E
Qﬁ?ﬁﬂﬂ‘iﬁuﬂﬂ’nﬂmaﬂ

Figure &(68) Difference in immunologic activity of different

ferritins by different antiferritins, the RIA
technique was wused. (A) anti-liver ferritin
(basic ferritin) was used and (B) anti-HelLa

‘cell ferritin (acid ferritin) was used.
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Isoferritins have been divided into two groups. One
is more basic isoferritin (pI range 5.4 — 5.7), such as
isoferritin from liver and spleen, the other is more acid
isoferritin ( pl range 4.8 — 5.3), such as isoferritin from

heart, kidnev and Hela cell (&83,72). .

However, each af ”"h/-' tin has almost the same
op

physiologic and che One impor tance qf this

;.15 . This property make
qu\ﬂbn ;

tissue and other

protein property
it relatively

proteins (62,78

Ferritin prfimarily synthesized on

free polysomes wit yould be expected for its
role as a sto f<__ b=~ However, there are
some evidences Iwh : S’Emhy also  occur in
membrane bound qp sames Hh are known to be active

in  the mpm.gsa}wmq@wmq;ﬁn i

But it is ncertaln as yet wheth the plas ferritin

e BRI HBA NI Y scrsvens
secreted or whether it is merely a product of cellular
damage. However there are some evidences to expect that the
plasma ferritin is a product of membrane bound polysomes,
such as, the low iron content of serum ferritin, even in
iron overload states(82), and the presence of carbohydrate

in the serum ferritin molecule (83).
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The process of iron transfer from transferrin to
ferritin appears to involve 3 steps procedure. Those are
1) reduction, ascorbic acid is the best reducing agent
2) chelation, one of the important chelating agent is
adenosine ° triphosphate (ATP), not the source of energy,

and 3) oxidation, ferrous iron is assumed to penetrate

into the apoferritin she wher it is oxidized to ferric

As stated earli synthesis is increased

in several malignant ing circulating ferritin
levels have '."i‘:f:':-:—zf:’f-z-,--’-=--ﬁ---*-—~=-:;gi- tissue of many
LY A

kinds of cancer:. - L C: ’;J and liver cancer

(30,32,34,36,37, 39‘4 AT AN 46}

ﬂ’lJEJ’J‘VIEmiWEJ’Iﬂ‘i

Veltr’l et al, 1977¢ had isolated 3 tumpur associated
antioerd] YA NAEF] B umo%nma& carcinona.
They were identified as ferritin, alpha-l-globulin, and
lactoferrin. They showed that ferritin cross-reacts with
monospecific antisera to human liver ferritin (38). The
other investigators, Groupp et al, 1978 used anti-placental

ferritin to study serum ferritin level by the Laurell
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electrophoresis technique. They reported that 58 out of 31
in all stages of lung cancer showed high serum ferritin
level. However, 1in non—metastatis lung cancer, ferritin
was detected only 14 out of 37 (37.9 X) patients(43). Other
investigators had also studied serum ferritin level using

other antiferritins in lung and other cancers. These studies

(97%) with hep ,7;21 -;~ AOMa eported by Melia
et al (36). But was also raised

in 20 out of 23 (& L ufcompl leated cirrhosis.

n level in hepatacellular
carcinoma was negativeiy & el i alpha—-1-Faetoprotein,

carcinoma in the I&Eg: :etq;rntein liver cancer

patient (35).

AULININTNEINS
Serum ferritin in dther disegses o/
RN IR INYIAE

There were some reports about high serum ferritin
level in other diseases, such as, haemochromatosis, (84,85)
Thallasemia, myocardial infarction (78,86,87,88,89) and
slightly increased in inflammation (89). The low ferritin
level was also reported in iron deficiency anemia. Serum
ferritin level was not changed in some abnormal haemoglobin

patients, such as haemoglobin H-disease (78).
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Mor ferriti ove

Many investigators have examined the serum ferritin
level in the people whao have no evidence of serum ferritin

involving diseases. Their data are closely in the same range

and mean. However, serum dével of ferritin in male and

female are different, ferritin in male was

higher than female™ (e . 918 hailand, Suwanik et

WHH”,
w\

d adult, but in female

al, 1979, have s level of normal

population in Bangk d that in 45 males,
mean is 81 ng/ml nd in 200 females,
mean is 45 ng/ml (r . Serum ferritin

level is not differe

after menopause, the St -;r;;+f in level is slightly raised
i 37 T
‘e A 5
It has ee g% serum ferritin
contains carbohyd ate The presence 5f this carbohydrate

appears to ﬂrﬁm qn W‘] ﬂdﬁ injected serum

ferritin as Qcompared u.u.t.h t.LSSL.lE ferritin l-m.tch do not

o NGRS B S TINETE e =

very sholt (T 1/2 = 1-14 minutes) while the half life of serum

ferritin is longer by several hours (78,83).
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Direction for study

This work aims to study serum ferritin level of
cancer patients, especially in lung cancer, by wusing

anti-liver ferritin. The study follows the work of Veltri

(1977) and Jones {1'=g.' et al (38) identified

ferritin in lung cancer which was
cross reacted with Tiye Titioe, bnes et al(44) isolated
ferritin from lunge®s Gr "t»u _a- foun that the amount
of spleen ferritdf - - ,Lu‘  ;” Ba cell ferritin. In
the same study, ested in 15 lung cancer
patients wusing | by competitive RIA
technique, only tum  ferritin was 2-3
‘ ng/ml. The other 1 rritin was found even
less than 2 ng/ml. and, these 15 patients had
the value of & —nw—-r-—-rn;—v~:-——z:»Ilf—ll?ﬂ ng/ml when
tested by anti—s; U

[

Fr‘oﬂ HIEJ‘;‘? ﬁfméw ﬂﬂﬂ% conclude that

high amount ®f basic fern‘tln {spleen ferr:.tln} were found
o QRAGIRHUNNAIRY R e e
present?! in serum. However , immunological reaction of
spleen ferritin and liver ferritin was very similar (68,72).
Other investigaturs_ using anti --liver ferritin in the
investigation of serum ferritin level had included lung
cancer for their study. Therefore, specificity of anti-

liver ferritin was also tested in this study.
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Apart from lung cancer, in other cancers including
liver cancer which is highly common in Thai male, serum
ferritin level were also tested. In order to find a

possibility of serum ferritin as a tumour marker for other

kinds of cancers, anti-liver ferritin will be used for the

& for the study due to

--q-i
Ofsfianogram per millilitre:

test.

The

the sensitivity

which the norm in was approximately

0-350 ng/ml, a : \\\\. 91). However, this

technique requir I p \ \ and the technique
LT

was rather compli or ] ‘? a " itories when compared

to other methods 45 €0 : t‘,\ oclectrophoresis(CIEP)

and Radial Immunodi|

The C Ee. 3 o be less sensitive
than the EL E - bt NS Fi ve enough to detect
very high level ¢ Sf of serum r‘r;Lt.m in cancer patients.
X L TTET p—
may be mea r'ed by the RID meth but very low level of

e RN THF BRI E W B cornte.

This st dv both method will be also used to compare with

the expected ELISA technique.
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Purposes of this study

1. To modify the ELISA technique for testing serum
ferritin level from the original Anderson and Kelly's
technique. The precision and accuracy of the test were also

evaluated.

2. To study .t for test serum ferritin

level by Radial " in comparison with
Enzyme Linked Immung . The sensitivity
of Counter Immunoe : =515 (CIEP)wmethod is evaluated
detect icf .

for the ih, cancer patients.

3. To stud 0f ferritin as a tumour

marker for diagnosis ecially in lung cancers.

A

f, Eancer
(iaindeni s < 27
- E:ﬁi ”. I-":. (Y
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