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Investigation of DNA topoisomerase I as an
autoantigen at the thyroid cancer
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The data concerning DNA-Topoisomerase 1 (Topo-f) from human placenta as an autoantigen at the
thyroid cancer are presented. A new effective scheme of the Topo-I purification using the High-Trap
columns is described, as well as the enzyme physico-chemical properties and its immunoreactivity in the
ELISA and immunoblotting. It was shown that 46 5, of the sera from patients suffering the thyroid cancer
were immunoreactive against Topo-I, 36 %, of autoantibodies from thyroid cancer patients sera recognized
sequential determinants on the Topo-I molecule. The highest levels of immunoreacivity were observed in
the sera of thyroid cancer patients accompanied by autoimmune thyroiditis. We suggest a possible linkage
between the autoimmune processes and malignization of the thyroid gland cells.

Introduction. Topoisomerases (Topos) are enzymes
that modify and regulate DNA topological state.
These enzymes participate in many cellular metabolic
processes which are associated with the separation of
complementary DNA strands such as replication,
transcription, recombination and repair [I, 2].

Type I DNA topoisomerase (Topo I) was iden-
tified as a main cellular target for a wide variety of
clinically relevant anticancer drugs: chemotherapeu-
tical potentials of such drugs correlate with their
abilities to stabilize covalent Topo-cleaved DNA com-
plexes which are the reaction intermediates in the
enzyme catalytic cycle. Physical basis for the clea-
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vable complex formation by the Topos-targeting drugs
and mechanism by which the drugs alter the catalytic
properties of Topos and convert these essential enzy-
mes into lethal cellular weapons remain to be defined
{31

Topo I acts by making a transient single-stran-
ded nick, passing another sirand through the nick and
changing the linking number by one unit. Recently
the crystal structure of Topo I-substrate complex has
been elucidated [4]. Tope I was described as the first
nuclear autoantigen Scl-70 in the scleroderma (Scl)
patients {pts) [5—8]. A new imagine of a role of
autoimmune processes in cancerogenesis [9—10] put
forward a problem of detailed study of the Topo 1
peculiarities as of the autoantigen at different kinds
of cancer.

Topo I was purified from human placenta nuclei.
The purity and specificity of the Topo I preparation
was determined by the gel-electrophoresis and Wes-
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tern-blot analysis. The enzymatic activity of Topo 1
was measured by the relaxation assay.

Sera immunoreactivity of 58 pts with thyroid
cancer (TC) (including 12 TC pts with accompanied
thyroiditis), 26 pts with autoimmune thyroiditis
(ATh) and 39 sera of healthy donors (HD) was
examined by ELISA and Western-blot analysis. Hu-
man thyroglobulin (ThG) was used as a control
antigen. 8 sera of Scl pts were used as a positive
control for the Topo [ autoantigen. 46 %, of TC sera
were Topo I-pesitive and 32 % of TC sera ThG-
positive. The autoantibodies level against Topo I was
significantly higer in TC pts than in ATh pis and HD.
Western-blot analysis of TC pts sera revealed the
presence of sequential determinants on the Topo 1
molecule as well as conformational ones which can
suggest the role of Topo I as the autoantigen at TC
inducing humoral immune response with the B cell
polyclonal activation.

Materials and Methods. Human placenta were
received from a healthy woman in labour (2 kind gift
of Prof. D. R. Shadlun, The ist Maternity Hospital,
Kyiv}). Monoclonal antibodies against DNA Topo [
from calf thymus were developed by Prof. I. Bronstein
(York University, United Kingdom).

Goat antibodies against rabbit 1gG conjugated
with horse radish peroxidase and anti-human IgG
conjugated with peroxidase were from <«Promega»
(USA), hydroxylapatite (Bio-Gel HTP) and protein
molecular weight standard were from <Bio-Rad»
(USA), nitrocellulose BA-85 was from <Schleicher
and Schull> (Germany), ECL reagent was from «Pie-
rce» (USA), High-Trap column MonoQ and SP-
Sepharose were from «Bio-Rad». Other reagents were
purchased from «Sigma» (USA) and «Mercks (Ger-
many).

Polyacrylamide gel electrophoresis in denatura-
ting conditions was done according to Laemmli [11}.

Protein concentrations were measured by the
prow .dure of Bradford [12].
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Fig. 1. Determination of the Topo I
purity and specificity: @ — PAAG-elec-
trophoresis of Topo I purified from hu-
man placenta nuclei (/—+ — prepara-
tions of Topo 1 purified from 4 different
placenta; the position of molecular we-
ight markers is indicated on the right);
b — Western-blot analysis of the Topo [
fractions in the 0.4—0.6 M KCI gradient
range after the High-Trap MonoQ chro-
matography (/ —8 — KCli-gradient fra-
ctions; 9 — Topo II fraction; 10 — the
control enzyme)

Topo I purification. DNA-Topo 1 was purified
from human placenta nuclei according to the method
[13] with some modifications.

Nuclei from human placenta were purified as
described in [13] with additional purification on a
sucrose gradient. Nuclei were lized in buffer A
(150 mM K-phosphate, pH 7.0, 1 M NaCl , 4 mM
EDTA, 1 mM phenylmethylsulfonyl fluoride (PMSF),
I mM DTT, 20 % glycerol and protease inhibitor
cocktail) in the Potter homogenizer during 30 min
with following addition of buffer B for DNA pre-
cipitation (18 9% PEG-6000, 1 M NaCl, 50 mM
K-phosphate, pH 7.0, 4 mM EDTA, 1 mM PMSF,
20 % eglycerol). The final mixture was centrifuged
30 min at 10000 x g,

The supernatant obtained was chromatographed
on the hydroxylapatite column equilibrated with buff-
er C (50 mM K-phosphate, pH 7.0, 0.33 M NaCl).
After washing with buffer D (0.2 M K-phosphate
buffer, pH 7.0, and 10 % glycerol) Topo I was eluted
by the linear gradient of K-phosphate buffer (0.2—
0.9 M): the fractions containing Topo I were deter-
mined by the relaxation assay and Western-blot
analysts.

The fractions containing the Topo I activity were
pooled, diluted with equal volume of 10 % (wt/v)
glycerol/0.2 M NaCl/50 mM HEPES, pH 7.5, 1 mM
EDTA/! mM PMSF, and chromatographed on the
High-Trap SP-sepharose column, equilibrated with
the same buffer. The enzyme was eluted by the linear
gradient of NaCl (0.2—1.5 M).

The active Topo I fractions were pooled, dialized
against buffer C and chromatographed on the High-
Trap Mono Q column equilibrated with buffer C.

The enzyme was eluted by the linear gradient of
K-phosphate (0.2—1.5 M). The Topo I-active fracti-
ons were pooled and kept at =60 °C in 50 %
glycerol/K-phosphate buffer.

Topoisomerase assay. The Topo 1 activity was
measured by relaxation of the supercoiled pBR322
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Fig. 2. Determination of the Topo 1
activity after the High-Trap SP-sepha-
rose chromatography. Agarose-gel ele-
ctrophoresis of the Topo I reaction
products in different KCl-gradient frac-
tions: I — control pBR322 without en-
zyme; 2 — 0.4—0.6 M KC! fractions
(Topo I); 3 — 0—0.4 M KCI fractions
(Topo I not detected); 4 — 0.6—08 M
KCl fractions (Topo II activity onty)

plasmid DNA. The 20 xl assay mixture contained
50 mM Tris/HCI, pH 7.5, 120 mM KCI, 10 mM
MgCl,, 0.5 mM EDTA, bovine serum albumin
(30 ug/ml, pBR322 DNA (20 ug/ml ) and various
amounts of the enzyme. After 30 min incubation at
37 °C the reaction was stopped by the addition of 5 ul
Na-SDS containing 0.25 mg of bromophenol blue per
1 ml. The electrophoresis was performed as described
in [14]. One unit of activity is an amount of Topo I
that relaxes half of pBR322 DNA under these con-
ditions.

ELISA, Immunoreactivities of both pts and of
HD sera were assayed as described in {15].

Western-blot analysis with ECL reagent was de-
veloped according to the firm protocol with the
variations described in [16] including incubation with
sera or natural autoantibodies (NAA) during 14 h at
t=25 °C (because NAA possess a lower affinily than
provocated ones).

Immune-affinity purification of NAA. The affine
column with coupled antigen (human DNA-Topo D)
was synthesized as described. NAA were purified
from the pts sera by immune-affinity chromatography
according to the method described earlier [17].

Results and Discussion. The results of the sub-
sequent purification of the Topo | preparations are
presented on the electrophoregram (Fig. 1, A, B). Fig.
1, A, shows the SDS/polyacrylamide gel pattern of
the proteins, purified from 4 different placentas, after
the final purification step. The enzyme activity (Fig.
2) was asscciated mainly with the protein band of M,
100 kDa — rather than with the M, 68 kDa protein
band characteristic of the peptide resulting from
endogenous proteolysis. The 100 kDa Topo 1 was
successfully purified when the High-Trap columns
chromatography was used at the final stage of the
purification. This purification scheme developed by us

allows to obtain preparative quantities of Topo I with
a high level of purity and biological activity in less
time comparing to the classical scheme [13]. It is very
important in the case of investigation of the enzyme
as autoantigen when there is a need of large quan-
tities of the protein for immunoscreening, blotting
procedures and the synthesis of affinity column for
the following purification of natural autoantibodies.
This method is very cffective for obtaining native
Topo I from higher organisms contrary to the all
known producents of human Topo I developed on the
basis of lower ecukaryotes (such as the yeast) or
baculovirus system with the processing and folding
systems different from those of higher eukaryotes.

The resulis on the pts sera immunoreactivity
determined by ELISA are presented in Fig. 3 and
Table. We found that 46 %, of TC pts scra possessed
the immunoreactivity level significantly higher than
that of HD sera. In the ATh group Topo I was
immunoreactive in 58 % of pts sera.
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Fig. 3. Sera immunoreactivity of patients with the thyroid cancer
(TC), autoimmune thyroiditis (ATh) and healthy donors (HD) —
negative control

Descriptive statistics (exper-i. sta)

Diseases | Vahid N | Mesn | Misimum | Maximum 3‘;‘:}‘:;3 S':f;“r’d
TC 25000 0.361 0.150 1.081 0.182 0.036
HD 14000 0.094 0.019 0.287 0.081 0.022
ATh 10000 0.749 0.456 0.928 0.146 0.046
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Fig. 4. Immunoreactivity
of patients (pts) sera de-
termined by the Wes-
tern-blot analysis: [ —
Sct-70 sera (positive co-
ntrol for Tope I autoan-
67 tigen); 2 — pool of he-
aithy donors’ sera (ne-
gative control}); 3 — aun-
toimmune thyroiditis pts
- serum; 4 — affinity pu-
45 rified autoantibodies
from thyroid cancer pts’
sera; 5 — Topo I nega-
tive serum of thyroid ca-
ncer pts; 6—7 — Topo 1
positive thyroid cancer

pts sera

- - G0
L

The monospecific NAA directed against Topo I
were purified from TC, ATh and Scl pts sera and sera
from HD by the immune-affinity chromatography on
the column with coupled Topo 1. Fig. 4 represents the
results of the Western-blot analysis which revealed
the nature of antigenic determinants recognized by
anti-Topo I NAA purified from the sera mentioned
above. 36 % of Topo I-positive sera of pts with TC
and 63 % of Topo I-positive sera of pts with Ath
recognized both sequential and conformational epi-
topes.

The identification of anti-Topo I autoantibodies
was described earlier in the sera of pts with the
paraneoplastic neurological disease, ovary, lung and
breast cancers [10, 18—201].

The present work is the first example of identifi-
cation and characterization of the autoantibodies
directed against Topo ! in the sera of pts with the
cancer of thyroid gland. The existence of NAA
against Topo I in the sera of pts with the cancer of
thyreid gland and ATh points out close relations of
the malignant processes with autoimmune pathology
which often preceede the malignant transformation of
cells in the target organ. Based on the long standing
clinical data concerning a possible transformation of
ATh into TC taken together with the presence of ATh
in the apnamnesis of some cancer pts, the suggestion
can be made about the including of the autoimmune
mechanisms in the development of certain types of
cancer, particularly the cancer of thyroid gland.
Obviously, this suggestion needs further investiga-
tions of the autoimmunity and cancer development as
well as their relationship on the molecular level
including Topo 1.

554

JA. J. Cudopux, T. 0. Pubkincexa, 0. I'. Bizowmina,
M. I. Bydmacka, B. I Haiideonos, IT1. B. Hozpibuuil,
1. . Hdicogeokuti, A. f1. Weauxo, 1. Bponwmein,

B. B. JuzozyBos, O. 0. Ipuxodexo, B. C. ¥Ycenxo, I X. Mayyxa

Hocnimkenns JIHK-tonoisomepasy | gx ayTOaHTMIeHa TIPH paky
UIUTOBMIHOT 3AM03H

Peaiome

Hpedemaaaeno Janl 3 susuenns JHK-monoisomepaiu I (Tono I),
sudirenol 3 nuauenmu moduHi, AKX aymoaHmuiewa npu paxy
WHUNIOBUONOT 3031 DHUCAHO HOBY eqiheKMuUBHY CXEMY OUUMEHHR
Tono 1 3 suxopucmarnam High-Trap-xonronox, @isuxo-ximivni
aaacmueocmi epmenmy [ Hozo iIMYHODEAKMUSHICMD, BUIHANEHY 8
peaxyil ELISA ma imynobaomunzom. flokasano, we Tono I-nosu-
musnumy eussuauca 46 7, cuposamox nayfcHmia 3 paxom uymo-
audnol 3ano3u; 3 nux 36 G, micmuwan aymoanmumina npomu Tono
I, axi posniznaeanu anmuzenni demepminanmu cexeenyitinozo
muny. Bidmiveno, wo Haibinbi imyHopeaxmushumiu Byau cupo-
eamxy nauicHmic 3 pAxoM UMOSUGHOT 3QR03u | CYnymuim
AYMOIMYRHUM Mupeidumom. Ipobreno RPuUnYueHHs woto Mox-
JUBOZO 38 AIKY AYMOIMYHHIX NPOUECI8 i3 ANOAKICHOO mpancdop-
MAUIEIO KAIMUK WumosudHoi 3arosw
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Heeneposanme AHK-Tononaomepassr I kak ayTORHTHISHA Mpu Pake
IZHTOBMOHOM MKEJE3b]

Pesiome

Hpedcmaanenss daunsie no usydenwo AHK-monousomepasve 1
{Tono {), awiOenenHO U3 NAGKEHMbB HEAOBEXT, KAX YMOAHIMILZERT
npu paxke umoeudnod xeneaw. Onucana nosas xpdexmusuas
cxema owemxu Tono I ¢ npumenenuem High-Trap-xoronox, dusu-
KO-XuMuieckue csolicmea epMenma U €20 UMMYHOPEAKMue-
HOCMb, onpederennan & peaxyuu ELISA u ummynobrommunze.
Hoxazano, umo Tono I-nosoxumenchomy okasanuce 46 %, coso-
POMOK ROYUEHMOS © PRKOM WumMOosudnoii xenesvy; u3 wux 36 9
codepicanu aymoanmumena npomus Tono I, pacnosnaiowne anmu-
ZEHMBIE JeMEPMUHAHIMN COKBEHUUORNOZO mund. Ommeneno, wmo
RAUOOAZE UMMYHODEAKIMUGHUIMY BbiAN CLIBODOMKIL HAUUEHMOs ¢
DAKOM WRMOBUOHOI XeAEIBL U CORYMOMEYIOULM QYHIOLM MYHHLLM
mupeoudumos. Bucxasano npednonoxenie 0 603MOXHON CER3u
QYMOLMMYHHOLX RPORECCOS €O AnoKAHECMmaenholl mparcopmayueit
KAEMOK imoaudHo XKeresbi.
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