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In our earlier investigations it was discovered the mutagenic activity of two recombinant
plasmids ( pBR322ins and pAins ) containing the human preproinsulin gene in cultivated
somatic mammalian cells. The preproinsulin gene (allel-1) was able to function under its
own promoter in different cell types since it lacked aregulatory element providing tissue-
specific expression. Introduction of a frameshift mutation into the region of initiation of
the translation of the transgene (allel-2) diminished the mutagenic effect of a
corresponding recombinant plasmid on gene level. In this work the mutagenic activity of
the recombinant plasmids carrying allel-1 (pBR322ins ) and allel-2 (pBR322insN ) of the
preproinsulin gene was studied using cytogenetic test. It was shown that the presence of
allel-2 (that probably had altered expression of the transgene) in the recombinant plasmid
structure decreased the level of induced chromosome breaks per cell. It was made a
conclusion that not only viruses and their genes but also recombinant DN As of nonviral
origin are able to induce chromosome and gene mutations in mammalian cells. The
mutagenic activity of studied recombinant plasmids depends on the level of expression of
the transgenes in the cells.

Introduction. The mutagenicity of some viruses and recombinant DNAs carrying
viral genes in the somatic mammalian cells in culture was demonstrated by us
earlier [1—7]. Recombinant plasmids containing human preproinsulin gene
(pBR322ins and pAins) has been shown to induce gene mutations and
chromosomal aberrations in the same cells as well [8—11]. The preproinsulin
gene (allel-1) was able to function in different cell types under its own promoter
since it lacked a regulatory element providing a tissue-specific expression [12,
13 ).Introduction of a frameshift mutation into the region of initiation of the
translation of the transgene (allel-2) diminished the mutagenic effect of the
corresponding recombinant plasmid (pBR322insN) on gene level {10].

Here we present the results of our experiments which aimed: 1) to study
the ability of the recombinant plasmids pBR322ins, pAins (allel-1 of the
preproinsulin gene codes a protein of normal structure) and pBR322insN
(allel-2 probably codes a changed protein) to induce chromosome aberrations
in subsequent generations of transfected cells and 2) using chromosome
mutation assay to study the role of the expression of the transgene in genome
instability induced in the Chinese hamster cells.

Materials and methods Cell line The Blld-ii-FAF 28 Chinese hamster cell
line was described in detail previously [1, 2, 4, 8]. It contains 18 chromosomes
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in the modal class (65—80 % of cells examined). Cells were grown in standard
Eagle’s medium supplemented with (G % fetal bovine serum and 50 ug/ml
kanamycin at 37 °C in an atmosphere of § % CO, and 95 %, air. Stocks of cells
were stored in liquid nitrogene in medium containing 10 % DMSOQO.

Recombinant plasmid DNAs. The human preproinsulin gene containing its
own promoter but lacking a regulatory element providing tissue specificity of the
expression (BgliI-Taqi-fragment) was cloned into the recombinant plasmids
pBR322ins and pAins in our institute [12]. (Fig. 1 and 2). Intracellular
expression of the human preproinsulin gene included into the plasmid vectors
was demonstrated after introduction into fibroblasts of different origin in our
earlier investigations [13]. The pBR322insN. plasmid carrying the frameshift
mutation in the region of initiation of the translation of the human preproinsulin
gene was also constructed in our Institute (Fig. 3 and 4).

Transfection with the recombinant plassmid DNAs. Chinese hamster cell
populations were treated by DEAE-dextrane (2-10° mm) at the final
concentration of 100 u#g/ml with and without DNA as previously described [4,
8). The intracellular presence of the ‘plasmid DNAs was proved by a
dot-hybridization [14]. Plasmid DNAs in the decreasing concentrations were
observed up to the 3rd recultivation of the cells transfected (Fig. 5).

Chromosome aberrations assay. The method was described previously [1,
4, 8). Chromosome aberrations were scored for 100 and more cells for each
variant. We repeated all experiments three times (the average data of three
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Fig. 1. Map of the pAins recombinant plasmid DNA
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Fig. 2. Map of the pBR322ins recombinant plasmid DNA
Fig. 3. Map of the pBR322insN recombinant plasmid DNA
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restriction
x
5'  gecatggcec 3 I - restriction of plasmid pBR322ins
cggtaccggs with endonuclease Nool
x
restriction
3! catggecc 3
g %cggtac B%m 5 II - DNA synthesis
5' gcCATG  catggeee 3
%' cggtac + GTACcggg 5 I1II stage - ligation
5’  geCATGcatggeee 3
3 cggtacGTaleggg 5

IV stage -~ E. coli HBIOI transformation
V stage - plasmid DNA extraction

VI stage - restriction of plasmid DNA with Neol and search of
variants of plasmid DNA resistant for Neol

Resulte:

i i Initial sequence: gceoatggcce tEEREAtgCE cctectgecc...
Fig. 4. The frameshift Peptide: MetAla LeuTrpMetarg LeuleuFro,..
mutation in human cx . cat cgogeotect

3 i Changed sequence: cCATGcatg gece 413 son
preproinsulin gene Poptide: B et Hin GlyProVaihap ALaProPro...
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experiments have been performed in the tables). Observed aberrations were
classified into breaks (chromatid and chromosome breaks, acentric fragments)
and exchanges (translocations, rings, dicentrics) according to the criteria of
ISCN [15]. We used two indices: percentage of cells with aberration and
number of breaks per cell.

Criteria for judgement whether the recombinant plasmid DNAs induced
chromosome aberrations and whether the frameshift mutation within human
preproinsulin gene effected an ability of the corresponding recombinant plasmid
to induce chromosome mutations in the transfected cells were as follows: 1)
significant increase in the portion of the cells with chromosome aberrations and
2) significant increase in the number of breaks per cell.
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The following scheme of experiments was used (Fig. 6). The Chinese
hamster cell populations were transfected by plasmid DNAs (pAins, pBR322ins
and pBR322insN). Every cell population was divided into three parts. One part
of the cell population was recultivated in 24 hrs post-transfection procedure.
Another part of the cell population was used for karyotype analysis. The third
part was used in dot-hybridizationi procedure in order 1) to estimate the
effectivity of the plasmid DNAs penetration into the cells, 2) to study the
presence of introduced DNAs in succeeding cell generations and 3) to establish
the relationship between mutation events and presence of the exogeneous DNAs
in succeeded generations of transfected cells.

Statistical analysis. Statistical comparisons were made with the help of
Fisher’s criterinm. The confidential intervals were determined as it was
described [16].

Results and discussion Induction of chromosome aberrations by plasmid
DN As. This part of our investigations was devoted to the study of the mutagenic
activity of recombinant DNAs (pAins, pBR322ins and pBR322insN) in different
time after transfection (Table 1). A total number of 6653 metaphases has been
examined.

All recombinant DNAs studied at both concentrations 5§ and 10 xg/m! have
been found to induce chromosome aberrations in Chinese hamster cells. There
was no difference in maximum mutagenic effect on chromosome level induced
by these agents. Chromosome aberrations including chromosome and chromatid
breaks as well as pair-acentric fragments were observed in 24 hrs and 72 hrs
post-transfection time. It was shown that the level of breaks sharply declined
at 120 hrs post-transfection.

The chromosome exchanges appeared in 24 hrs (for pBR322insN it is
evident) and mostly in 72 hrs (all other plasmids) after transfection.

Thus, the recombinant DNAs carrying allel-1 and allel-2 of human
preproinsulin gene and pBR322 bacterial plasmid were shown to induce both
types of chromosome aberrations in transfected Chinese hamster cells. The
breaks of chromosome are the dominant type of aberrations.

The effect of structure of the recombinant DNAs on the occurance of
chromosome aberrations. There are two criteria being used in cytogenetic
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Fig. 6. The design of the experiments
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Table 1
Chromosome aberration induced by different plasmids carrying human preproinsulin gene in Chinese
hamster cells

Number of metsphases plates with different types
Number of chromosome gberration, %
Variaot DNA, of cell pP*
ap/al | o amiged With
Total With  breaks exchanges

24 hrs post-transfection
Control — 275 0.73 (0.069+2.078 0.73 0 —_
pBR322 5 242 10.33 (6.819+14.469 10.33 0 <0.001
pBR322 10 244 13.52 (6.526+18.086 13.52 0 <0.001
pBR322ins 5 202 9.90 (6.175+14.386) 9.90 0 < (.001
pBR322insN 5 300 12.33 (8.858+16.284) 11.00 1.33 <0.001
pAiIns S 340 9.12 (6.296+12.405) 8.82 0.29 <0.001

72 hrs post-transfection
Control — 300 0.67 (0.064+1.907) 0.67 0 —
pBR322 5 300 7.67 (4.936+10.946) 7.33 0.33 < 0.001
pBR322 10 250 9.20 (5.939+13.087) 8.40 0.80 <0.001
pBR322ins R} 250 12.40 (8.613+17.764) 11.20 1.20 <0.001
pBR322ins 10 300 14.00 (10.312+18.148) 13.67 1.00 <0.001
pBR322insN 5 300 8.00 (5.205+l 1.332) 7.67 0.33 < 0.001
pAins 5 300 11.00 (7.716+14.783) 9.00 1.67 <0.001
pAins 10 300 10.67 (7.435+14.408) 8.33 2.33 <0.001

120 hrs post-trapsfection
Control e 350 1.14 (0.298+2.518) i.14 0 >0.05
pBR322 B 300 3.00 (1.374+5.227) 3.00 0 >0.05
PBR322 10 300 3.67 (1.843+6.089) 3.00 0.67 >0.05
PBR322ins 5 300 4.33 (2.324+6.920) 3.33 1.00 >0.05
pBR322ins 10 300 4.33 (2.324+6.920) 3.33 1.00 >0.05
DPBR322insN 5 300 3.00 {1.374+5.277) 2.67 0.33 >0.05
pBR322insN 10 300 2.00 (0.725+3.888) 2.00 0 >0.05
pAins 5 300 3.67 (1.843+6.089) 2.67 1.00 >0.05
pAins 10 300 2.67 (1.152+4.793) 2.33 0.33 >0.05

:l‘he average daia of three experiments. The confidential intervals are given in brackets
Relationship 10 the control level.

research. The first of them is the per cent of metaphase plates with chromosome
aberrations, it reflects the efficiency of treatment. The second one is the
number of breaks per cell, it describes the degree of alteration of the genetic
apparatus of treated cells. We used the last one for comparing the mutagenic
effect of two recombinant plasmids pBR322ins and pBR322insN. The data
obtained are presented in Table 2.

Two experimental variants (72 and 120 hrs post-transfection) out of the
three ones showed the decreased aberration level for pBR322insN as compared
to the pBR322ins, The statistical analysis of these data by the Fisher’s test
illustrated that the level of chromosome aberrations in Chinese hamster cells
transfected with the pBR322insN recombinant plasmid was significantly lower
(P < 0.01, P<0.001). Thus, we demonstrated a specific frameshift mutation
effect on the ability of recombinant DNA to induce mutations at gene [10] and
chromosome level as well.
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Table 2
Effect of the frameshift mutation in the human preproinsulin gene inserted into the pBR322insN
plasmid on an ability of the recombinant DN A to induce chromosome aberrations

DNA. wg/ml Number of cells Number of breaks P

Variaot examined (bresks per cell}

24 hrs post-transfection’

Control - 275 0.007 (0.001+0.020) —
pBR322ins 5 202 0.149 (0.103+0.201) <0.001
PBR322insN 5 300 0.247 (0.20050.297) <0.001
72 hrs post-transfection
Control — 300 0.007 (0.001+0.020) -
pBR322ins S 250 0.432 (0.371+0.494) <0.001
pBR322insN 5 300 0.147 (0.109+0.189)** <0.001
120 hrs post-transfection
Control — 350 0.011 (0.003+0.025) -
PpBR322ins N 300 0.153 (0.116+0.196) <0.001
pBR322insN S 300 0.050 (0.028+0.077) *** <0.05
pBR322ins 10 300 0.167 (0.127+0.211) <0.001
PBR322insN 10 300 0.023 (0.009+0.043)*+* >0.05

The average data of three experiments. The confidential intervals are given in brackets.
- " The significant differences between the pBR322ins level and the pBR322insN level (P < 0.01
and P < 0.001 respectively)

These data are in agreement with the results of our earlier investigations
demonstrating the mutagenic activity of the DNA-containing viruses {1—3, 7]
and the recombinant DNAs in the same cell system [2, 4, 7—11 ]. Inactivation
of exogeneous DNAs of different origin with a help of UV-light [6, 17] and
methylation [11] decreased their mutagenic effect.

We studied the ability of the recombinant molecules constructed on the
basis of pBR325 plasmid and carrying the oncogene of the Bovine Adenovirus
of the 3rd type (pBR325-D) and the tk-gene of the Herpes Simplex Virus of
the 1st type (pBR325tk) to induce chromosome and gene mutations in Chinese
hamster cells [2-—§). The mutagenic activity of those recombinant plasmids
might be due to the presence of the early viral genes since parental plasmid
pBR325 was not mutagenic. It was confirmed by the results that demonstrated
a dependence of mutagenic effect on the functional activity of SV40 A gene [19,
20] and the dNTP content as the result of the tk-gene activity in the cells
transfected by HSV-2 virus [21, 22].

It was shown that bacterial plasmid pBR322 behaves as week mutagen by
itself [11]. This property was probably connected with a toxic nucleotide
sequence in the plasmid DNA. The presence of the allel-1 of the preproinsulin
gene in the structure of the recombinani plasmid pBR322ins showed just a
tendency of increasing a mutagenic activity [10, 11]. And the presence of the
allel-2 in the same vector decreased the mutagenic activity. So we have shown
a possibility to modulate the mutagenic effect of the bacterial plasmid with a
help of different allels of the transgene. It is opening a way to influence on the
mutagenic process in the system exogeneous recombinant DNA — cell if
changing the structure of the transgene. Presumably an alteration in the
expression of the gene-mutator prevents the induction of a part of the
premutagenic lesions or provides better conditions for repair of these lesions in
cultivated mammalian cells.

Similar results were obtained when studymg the mutagenic and the
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transforming effect of the recombinant plasmid pEJ6.6 [23]. This one also
derives from pBR322 plasmid and contains the ras oncogene from human
bladder carcinoma cells. The recombinant plasmid pEJ6.6 induced gene
mutations (hprt locus) only if c-ras gene was activated. And it lacked
transforming and mutagenic properties if c-ras gene was inactivated by deletion.
These results confirm the idea that the functional activity of recombinant DNAs
and particularly transgenes plays an important role in induction of mutagenesis.

The expression of exogenous preproinsulin gene (allel-1) included into the
PBR322ins recombinant plasmid in cultivated fibroblasts of different origin have
been shown [12, 13]. At the present time we have no comparative data on the
expression of two studied allels of the human preproinsulin gene in Chinese
hamster cells. However, a decrease of frequences of chromosome breaks and
gene mutations {10] if using the recombinant plasmid pBR322insN (allel-2) is
evident.

The results presented here permit us to suggest a dependence of mutagenic
effect of the recombinant DNAs in transfected cells on the expression of the
transgene. The alteration in the transgene structure would lead to a changing
of a propriate protein (if transcription and translation are realized in the cell
system). Comparison of the molecular structures of normal preproinsulin and
the speculated protein may reveal that the last one consists of 20 amino acid
residues (a stop-codon is located in the position 21), and only two of them are
homologous to the preproinsulin. It is not ruled out that the translation system
«pays no attention» to the CATG insertion which is introduced into the
start-codon region. In this case a normal protein would be synthesized. Then
there is a possibility that the insertion of four nucleotides upsets the translation
and the level of synthesized protein is reduced.

The differences in the functioning between two allels of preproinsulin gene
may be determined by immunologic methods using antibodies to the human
preproinsulin and/or to the hypothetical oligopeptide. Only special studies will
permit us to estimate the effect of the insertion into the region of initiation of
the translation on the expression of the mutant preproinsulin gene. Such an
approach may allow to study a regulation of translation and mutagenesis on the
level of the primary structure of the transgene.

In [9, 11] we have described the pAL! and pAins recombinant plasmids
that had induced the gene mutations with high efficiency. Those plasmids
carried Alu-repeat from human genome (Fig. 1). It was found that Alu-repeat
enhanced the mutagenic activity of the recombinant plasmids on gene level. But
we did not obtain significant difference between pBR322ins and pAins (both
contain allel-1 of the preproinsulin gene) in their mutagenic action on
chromosomes. Probably percentage of aberrant cells reflects the portion of cells
in the population which are the most sensitive to mutagenic action of different
exogeneous DNAs.

It is obvious that transgenesis may be used as a good approach for
investigation of mutator properties of different genes and estimation of the risk
of the gene therapy manipulation with recombinant viruses and DNA molecules.
We focus our attention on a mutagenic potential of recombinant DNAs and
influence of introduced genes on a variety of methabolic pathways involving
activation of proto-oncogenes as well [2]. This concerns especially anti-diabet
strategy using recombinant adenovirus [24, 25] and plasmids containing the
preproinsulin gene [13].

Insulin exerts profound effects on human physiology by controlling the
activities of many enzymes, especially those involved in energy metabolism [26,
271. The list of insulin-regulated genesis is extensive and rapidly growing [28].
It contains the following groups of enzymes: 1) integral membrane proteins
(insulin and growth hormone receptors, etc.); 2) proteins involved in energy
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methabolism (pyruvate kinase, ATP cytrate lyase, etc.); 3) proteins involved in
reproduction (casein, ovalbumin); 4) secreted proteins/hormones (IGF-1 and
IGF-2, prolactin, glucagon, etc.); 5) miscellaneous proteins (p53, thyroglobulin)
and 6) transcription factors (proteins coded by c¢-fos and c-jun, eic.). Insulin
may have either positive or negative effects on expression of many cellular genes
[28—301] depending on the tissue specificity and cause the cascade of reactions.

So changing of the expression of the normal preproinsulin gene or
functioning of a mutant one would lead to different consequenses. The most
dangerous are destabilization of cellular genome and malignant transformation.
And we have shown that the recombinant plasmids carrying the human
preproinsulin gene reveal mutagenic properties depending on the presence of
different regulatory elements and mutations in the structure of the transgene.
That is why we emphasize the gene therapy experiments should be followed by
testing of recombinant molecules on mutagenic and transforming abilities.

The main conclusion of this investigation is that not only viruses and their
genes but also recombinant DNAs of nonviral origin are able to induce
chromosome and gene mutations .in somatic mammalian cells. The mutagenic
activity of studied recombinant DNAs depends on the expression of the
transgenes in transfected cells.
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Pexombivantni JHK, mo MicTats pisHi aseni reHa npenpoiHCyniHy JIOAMHM, K MYTAreHM B KJIiTHHAX
KUTANCHXOIO XOM'AuKa

Pesome

Y Hauwux nonepednix BocaiOxenHnx OYaA0 Gi0Kpumo mymazenny aKmuéricMo 060X pexomMOiHaRmmux
nna3mio (pBR322ins ma pAins), Ki HeCymb zex npenpoinCYRiny JIOOUHYL, ¥ COMAMUNHUX KAIMUHAX
ccasuia, wo xyromugyiomocs. Fen npenpoincyniny ( anenv-1) mae sdammuicmo ynxyionysami nid ceoim
GRACHUM NPOMOMOPOM ¥ DIZHUX MUNAX KAIMUH, OCKINbKI SMPAMUE DEZYARMOPHI eAeMenm, AXul
3abe3nexye mxanunry cneyuginnicmo excnpecii. BaeOerns mymayil 3cy8y pamxu 34umyeanis 6 paiion
iniyiauii mpancasuyii mpanceena ( aneno-2 ) NPuGOOUN0 00 3SMEHULEHHR MYMAZEHHOO eqhexmy 8i0n0e6id-
HOT pexombiHanmHot naaimiou Ha zenHoMmy pisui. Y uil pobomi 8uswanace MyMazenHa aKmiLeHiCMb
pexombinawmuux nra3mio, wo necymo anenv-1 (pBR322ins ) ma anens-2 (pBR322insN ) zena npenpo-
THCYRINY, 3 GUKODUCTMAHNAM Limozenemuunozo mecmy. Ioxasano, wp npucymuicms anenn-2 ( axui,
MOXKIUBO, MAE NOULKOOKEHNR EXCNPECIT MPAKCZEHa) Y CMPYKMYPi peXOmOiHanMHOI nia3miou npu3eo-
Oumb 00 IHUXEHHR DIGHR XPOMOCOMHUX PO3PUGIE HA KAIMuHY. 3POBNEHO BUCHOBOK CIMOCOGHO MOZ0, W0
He minoKu éipycu ma ix 2enu, a i pexombivarmui JHK nesipycrot npupodu 3oamui iHdyxysamie Xpomo-
COMMI ma 2enni mymayit y kauimunax ccasuyie. Mymazenna axmusnicmo Gocridxyeanux pexomobinan-
Mmuux nAa3mio 3anexume 6i0 excnpecit mpanczexie y KAimuHax.

E. 1. Pybawesckuii, 10. B. Tayxoscxui, C. A. Kupunenxo, H. C. Bapsanosa, O. H. Bozoawbosa,
E. . doicenxo, A. Jd. Tyxau

Pexombunasntssie JTHK, Hecymue pasHble ajieny reHa NPEenpPOMHCY/IMHA YENOBEKA, KAK MYTACEHBI
B KJIETKAaX KMTAMCKONO XOMAuKa

Pesome

B nauiux npedudyuyux uccretosanusx bouia OOHADYKEHA MYMALEHHAR QXMUBHOCMb O8YX pexombu-
Harmuvix nrasmud (pBR322ins u pAins), coleprawnx 2en UHCYAUHA HEAOBEKA, 8 KYAbMUBUDYEMbIX
COMAMUMECKUX KaemKax mackonumaowux. Ienuncyauna (annerv-1 ) cnocoben hynxyuonuposams nod
COOUM COBCMBEHHIM NPOMOMOPOM 8 DAIIUMHBIX MUNAX KAEMOK, ROCKOADKY YMPAMUR DEZYARMOPHbUL
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anemenm, obecnewusaouii mxanecneyudunocms axcnpeccuis. Beedenue mymauuu cd6uza pamxu cuu-
MOIBAHUR 8 PAIOH UHULLAKUI MPAHCIRILL MPAHCEEHA (QRNENL-2) NPUBOTUND K CHUNEHUIO MYMQ2eH-
HO20 hhexma coomeememeVIouLii pexoOMOUHAHRMHOI NIA3Mudb HA 2eHHOM YposHe. B amoii pabome
UTYHEHA MYMALEHHAR AKMUGHOCITL PEXOMOUKARMHEX NAA3MUOD, HECYwux annens-1 (pBR322ins ) u an-
nenv-2 (pBR322insN) eena npenpouHCyaUNa, ¢ UCORbIOSAHUEM yumozeHemuwecxoezo mecma. Ioxa-
3QHO, MO NPUCYMCMEUE WUIEAR-2 ( UMEIOWEZ0, GEPORANTHO, NOBPEXDEHHYIO IKCNPECCUIO MPAHCZENA) 6
cmpyKmype pexomMOuUHAHMHAHOU NAG3MUOH, SHBHIBAN0 CHUNKEHUE YDOGHR XPOMOCOMHBX PA3PIGOS HA
xaemxy. Coenan enieod 0 MOM, HMO He MOALKO SUPYCH It uUX 2eHBl, @ maxxe pexombunanmune JHK
HEBUDYCHON NPpupoObl CNOCOOHB UHAYUUPOGAMY XPOMOCOMHDIE U ZEHHBIC MYMAuuL @ KAemKaxX Mae-
xonumaowux. MymazeHHaR GKMUSROCMb UCCREGYEMBIX PEKOMOUHARMHEX RAASMUD 3asucum om IKc-
npeccuu mpaHczeHO8 6 KIemKax.
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