
INTRODUCTION
The lung can cer is now one of the worst prog no sis and the 

most com mon ma lig nan cies world wide, also in Po land. It is
worth men tion ing, that the lungs are the place where tu mors
from other body parts of ten me tas ta size. Cur rent knowl edge
in di cates that the great est risk fac tor for the lung can cer is
long- term ex po sure to in haled car cino gens, es pe cially to -
bacco smoke or as bes tos. Other im por tant risk fac tor is for
ex am ple an ex po sure to harm ful sub stances such as chro -
mium, sil ica, ra don. In ad di tion, there are re ports about the
ge netic pre dis po si tion in caus ing the lung can cer [2]. Al -
though the eti ol ogy of the lung can cer is well rec og nized,
re cently we can find pa pers about on co genic vi ruses, as an
im por tant fac tor in the de vel op ment of this can cer. Hu man
pa pil lo ma vi rus (HPV) be longs pri mar ily to these vi ruses,
but also JCV vi rus, BKV, SV40 and cy tomega lovi rus
(HCMV) [8, 16, 18, 31].

Hu man pa pil lo ma vi rus (HPV) be longs to the Pa pil lo ma -
viri dae fam ily, with more than 100 geno types [4, 13]. There
are some gen era in this fam ily where Al pha-, Beta-and Gam -
ma pa pil lo ma vi rus are the most im por tant, which in clude
strains rep li cate in hu man epithe lial cells [7]. Tax on omy in
this case is based pri mar ily on the ba sis of L1 gene se quence
en cod ing a larger subunit of the cap sid. Here we dis tin guish
taxa, such as ‘types’, ‘su btypes’ and ‘var iants’ that are dif -
fer ent in the se quence 10%, 2-10% and %, re spec tively [4].

HPV is re spon si ble for the for ma tion of be nign and ma lig nant 
skin le sions, lead ing to the de vel op ment of tu mors [7, 26].
The be nign le sions in clude warts or geni tal warts, caused
pri mar ily by the types of low on co genic po ten tial (6, 11),
while the ma lig nant changes in clude for ex am ple cer vi cal
can cer, where are in volved types of high on co genic po ten tial 
(16 and 18) [1, 11, 32].

Epstein- Barr vi rus be longs to the Her pes viri dae fam ily,
Lym phocryp to vi rus ge nus and is also known as hu man her -
pes vi rus 4 (HHV-4). This is one of the most com mon vi ruses 
in hu mans [3]. This vi rus has the abil ity to rep li cate and en ter 
a la tency phase in B cells, which can lead to a de vel op ment
of vari ous types of can cer [9]. So far, two types of EBV
(EBV-1 and EBV-2) have been dis tin guished, with the sig -
nifi cant dif fer ences in the EBNA-2, EBNA-3A, EBNA-3B
and EBNA-3C genes se quences [14, 25, 29]. Type 1 is found
pri mar ily in Europe, North and South Amer ica and Asia,
while type 2 is domi nant mainly in Af rica [25]. EBNA-2
pro tein plays a key role in the ini tia tion of car cino gene sis by
dis rupt ing mi totic check points and caus ing chro mo so mal in -
sta bil ity [24]. EBV can cause in fec tious mono nu cleo sis, and
par tici pates in the de vel op ment of can cers such as Burkitt’s
and Hodgkin’s lym phoma, gas tric and na so pha ryn geal car -
ci noma (NPC) [9, 25, 29].

The dy namic de vel op ment of mo lecu lar bi ol ogy tech -
niques and bio in for mat ics has led to a revo lu tion in our
knowl edge of bio logi cal evo lu tion and the re la tion ships be -
tween liv ing or gan isms. Now we have labo ra tory tech niques 
and com puter soft ware that al low us to re con struct the
evolu tion pro cess in a more re li able way. For this pur pose,
we use the phy lo ge netic trees con struc tion meth ods, which
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can be di vided into two ba sic groups: distance- based meth -
ods and character- based meth ods. The first group is charac-
ter ized by a fast rate of tree build ing, whereas in the sec ond
group we have more re lia bly phy logeny re con struc tion [19].
Distance- based meth ods in clude UPGMA and neigh bor
join ing method (NJ) [5, 15, 19, 27]. Character- based meth -
ods, on the other hand in clude the maxi mum par si mony
(MP), maxi mum like li hood (ML) and Bayes ian in fer ence
method [17, 20, 22]. The maxi mum like li hood method has a
high value of the credi bil ity loga rithm. A number of com -
puter pro grams ana lyz ing dif fer ent mod els of mo lecu lar
evo lu tion of DNA with their pa rame ters. In or der to choose
the ap pro pri ate model of mo lecu lar evo lu tion, the most of ten 
used method is hLRTs (hi er ar chi cal Likelihood- Ratio Tests) 
and AIC (Akaike In for ma tion Cri te rion) [17, 20].

The aim of this study was the de tec tion and geno typ ing of
HPV and EBV in frag ments of fresh tis sue ob tained from pa -
tients with the lung can cer.

MATERIALS AND METHODS

Bio logic ma te rial
The mate rial con sisted of 33 fresh tu mor tis sue frag ments

taken from pa tients with the lung can cer (Ta ble 1.) hos pi tal -
ized in the De part ment of Pul mo nary Dis eases of
Autono mous Pub lic Uni ver sity Hos pi tal No. 4 in Lublin in
2011. The ana lyzed sam ples were taken dur ing the bron cho -
scopy pro ce dure.

Ta ble 1. Pa tients char ac ter is tics
  n (%)

Age Median (years)     64

Gender
Male     29 (88)
Female     4 (12)

Histological type
Small cell lung carcinoma (SCLC)     7 (21)
Non-small cell lung carcinoma (NSCLC)     26 (79)

Se quence num bers of ref er ence strains
In the con struc tion of phy lo ge netic trees were used L1

gene se quences of HPV ref er ence strains taken from the
pub lic da ta base Gen Bank (http://www.ncbi.nlm.nih.gov/
gen bank/). Se lected strains of vi ruses be long to the ge nus Al -
phapa pil lo ma vi rus and Be ta pa pil lo ma vi rus. Se quence num bers
are sum ma rized in Ta ble 2.

Ta ble 2. Se quence num bers of ref er ence strains
Strain Number

Alphapapillomavirus
   HPV 10 X74465.1
   HPV 16 K02718.1
   HPV 18 X05015.1
   HPV 31 J04353.1
   HPV 33 M12732.1
Betapapillomavirus
   HPV 5 M17463.1
   HPV 9 X74464.1
   HPV 49
   HPV120

X74480.1
GQ845442.1

Iso la tion of DNA
Frag ments of fresh tis sue ob tained from pa tients with the

lung can cer were cut and then sub jected to iso la tion of ge -

netic ma te rial us ing the QIAamp DNA Mini Kit (QIAGEN)
ac cord ing to manu fac tur er’s in struc tions.

Po lymerase Chain Re ac tion
Am pli fi ca tion of the HPV L1 gene
For the geno typ ing of HPV, am pli fi ca tion was car ried out 

on the gene en cod ing the L1 pro tein, a com po nent of the cap -
sid. The prim ers used in the study are sum ma rized in Ta ble 3.
Con cen tra tions of the PCR re ac tion com po nents was pre -
pared in ac cor dance with Winder et al. [30] Am pli fi ca tion
was per formed un der the fol low ing con di tions: ini tial de na -
tu ra tion 95°C 5 min., fol lowed by 40 cy cles: 95°C 1 min.,
55°C 1 min., 72°C 1 min.; fi nal ex ten sion: 72°C for 10 min.
The re ac tion mix ture was sub jected to elec tro pho re sis on 3% 
aga rose gel, and then the prod ucts were pu ri fied by us ing
Gel- Out kit (A&A Bio tech nol ogy) for fur ther analy sis.

Am pli fi ca tion of the EBV EBNA-2 gene
In the case of EBV, nested PCR was car ried out on the

EBNA-2 gene, en cod ing a la tent pro tein in volved in car cino -
gene sis. Prim ers are listed in Ta ble 3. Con cen tra tions of the
PCR re ac tion com po nents were pre pared in ac cor dance with 
Peh et al. [25]. Ac ti va tion of Hot Star Taq po lymerase was
car ried out at 95°C for 15 min. The first re ac tion in an amount
of 35 cy cles was per formed un der the fol low ing con di tions:
94°C 1 min., 55°C 1 min., 72°C 2 min. with a fi nal ex ten sion
at 72°C for 5 min. Nested PCR re ac tion was per formed in 30
cy cles with an an neal ing tem pera ture of 60°C. PCR prod ucts 
were sepa rated on 3% aga rose gel and pu ri fied us ing Gel-
 Out kit for fur ther analy sis. The prod ucts have dif fer ent
length de pend ing on the vi rus type: 368 bp (EBV-1) and 473
bp (EBV-2).

Ta ble 3. Prim ers used in the PCR
Primers 5’›3’ sequence Product

HPV   
MY09 CGT CCM ARR GGA WAC TGA TC

450 bp
MY11 GCM CAG GGW CAT AAY AAT GG
EBV   
Out primers   
A1 TTT CAC CAA TAC ATG ACC C  
A2 TGG CAA AGT GCT GAG AGC AA  
In primers   
B1 CAA TAC ATG AAC CRG AGT CC 368 bp (type 1)
B2 AAG TGC TGA GAG CAA GGC MC 473 bp (type 2)

Geno typ ing of HPV and EBV
Geno typ ing of HPV and EBV was based on the L1 and

EBNA-2 gene frag ments se quences, re spec tively. Pu ri fied
PCR prod ucts were sent to the Ge nomed War saw Com pany
for se quenc ing. The re sults were ana lyzed us ing the com -
puter pro grams: Chro mas Lite 2.0.0.0, Clus talX 2.1.0.0,
Ge ne Doc 2.7.0.0 and Bio Edit 7.0.9.1. Typ ing was per -
formed us ing the BLAST al go rithm (Ba sic Lo cal Align ment 
Search Tool; http://blast.ncbi.nlm.nih. gov/Blast.cgi).

Phy lo gene sis of HPV and EBV
The L1 and EBNA-2 gene se quences were used in or der to 

con struct phy lo ge netic trees. Phy logeny was based on the
maxi mum like li hood method (ML). This method re quires
the use of com puter pro grams such as PAUP 4.0, Mod el Test
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3.7, PhyML 2.4.4 and MEGA 4.1. In or der to choose the ap -
pro pri ate model of mo lecu lar evo lu tion hLRTs (hi er ar chi cal
Likelihood- Ratio Tests) and AIC (Akaike In for ma tion Cri -
te rion) tests were used. The ref er ence strains se quences used 
in the study was taken from the pub lic da ta base Gen Bank
(http://www.ncbi.nlm.nih.gov/gen bank/).

RESULTS
The mo lecu lar bi ol ogy meth ods have al lowed for the de -

tec tion of hu man pa pil lo ma vi rus and Epstein- Barr vi rus in
speci mens from 33 pa tients with the lung can cer. HPV was
de tected in one sam ple (3%) and EBV was de tected in
8 sam ples (24%).

The geno typ ing and con struc tion of phy lo ge netic trees of
tested vi ruses was based on the genes se quences. In the case
of HPV we de tected 120 type (5B, Fig. 3.), whereas in the
case of EBV in all eight posi tive sam ples we de tected type 1.
In or der to show the se quences align ment and per cent age
simi lar ity were used the com puter pro grams: Ge ne Doc
2.7.0.0 and Bio Edit 7.0.9.1, re spec tively.

The phy lo ge netic trees were con structed us ing the maxi -
mum like li hood method (ML), which is shown in Fig ure 3.
(HPV) and 4. (EBV). Type 120 be longs to the Be ta pa pil lo -
ma vi rus ge nus, hence the ref er ence strains se quences
re ceived from Gen Bank da ta base (http://www.ncbi.
nlm.nih.gov/gen bank/) also be long to this ge nus. In ad di -

tion, for root ing the tree, vi ruses se quences of the ge nus Al -
phapa pil lo ma vi rus were also down loaded. 

Ta ble 4. Per cent age simi lar ity of L1 gene se quences
Seq- 5B HPV120 HPV5 HPV9 HPV49 HPV10 HPV16 HPV18 HPV31 HPV33

5B ID 0,98 0.648 0.734 0.685 0.559 0.604 0.591 0.594 0.647
HPV120 0.98 ID 0.65 0.741 0.685 0.564 0.609 0.591 0.606 0.66
HPV5 0.648 0.65 ID 0.689 0.684 0.567 0.556 0.56 0.55 0.597
HPV9 0.734 0.741 0.689 ID 0.698 0.586 0.582 0.613 0.606 0.633
HPV49 0.685 0.685 0.684 0.698 ID 0.587 0.58 0.585 0.595 0.607
HPV10 0.559 0.564 0.567 0.586 0.587 ID 0.65 0.715 0.679 0.657
HPV16 0.604 0.609 0.556 0.582 0.58 0.65 ID 0.665 0.744 0.736
HPV18 0.591 0.591 0.56 0.613 0.585 0.715 0.665 ID 0.66 0.697
HPV31 0.594 0.606 0.55 0.606 0.595 0.679 0.744 0.66 ID 0.782
HPV33 0.647 0.66 0.597 0.633 0.607 0.657 0.736 0.697 0.782 ID

Ta ble 5. Per cent age simi lar ity of EBNA-2 gene se quences
Seq- 4 5 10 15 16 23 24 33
4 ID 0.994 0.985 0.973 0.988 0.97 0.952 0.985
5 0.994 ID 0.979 0.967 0.988 0.97 0.952 0.985
10 0.985 0.979 ID 0.964 0.985 0.955 0.952 0.976
15 0.973 0.967 0.964 ID 0.967 0.979 0.967 0.958
16 0.988 0.988 0.985 0.967 ID 0.961 0.949 0.982
23 0.97 0.97 0.955 0.979 0.961 ID 0.982 0.964
24 0.952 0.952 0.952 0.967 0.949 0.982 ID 0.949
33 0.985 0.985 0.976 0.958 0.982 0.964 0.949 ID

EBV phy lo ge netic tree does not in clude ref er ence strains
be cause of their large dif fer ences in the se quence of EBNA-2
gene. The geno typ ing in this case was con ducted only us ing the 
BLAST al go rithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
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Fig . 1. Align ment of HPV L1 gene se quences



DISCUSSION OF THE RESULTS
The lung can cer is one of the lead ing causes of death in

West ern coun tries. Re cently, we can ob serve an in crease in
in ter est in the role of on co genic vi ruses in the de vel op ment
of vari ous types of can cer, which of course is re flected in the
high amount of lit era ture avail able on this sub ject. The most
com monly stud ied vi ruses are pri mar ily HPV, SV40, JCV,
BKV, EBV, and HCMV [16]. Cur rently, HPV is con sid ered

the most im por tant vi rus in volved in the for ma tion of tu mors,
and has a par ticu lar af fin ity for the squa mous epi the lium cov -
er ing the skin and mu cous mem branes. Among this vi rus
fam ily there are the types of a low on co genic po ten tial (e.g.
6, 11, 42), a me dium on co genic po ten tial (e.g. 31, 33, 35)
and a high on co genic po ten tial (e.g. 16, 18) [4, 11, 32]. Syr -
jänen [28] first pre sented the hy pothe sis of the HPV
con tri bu tion in the de vel op ment of the lung can cer.

In the lit era ture, the de tec tion of HPV and EBV DNA in
pa tients with the lung can cer ranges from 0% to 100%. The
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                  Fig . 2. Align ment of EBV EBNA-2 gene se quences

Fig. 3. Phy lo ge netic tree of HPV con structed based on the maxi mum
like li hood method (ML)

Fig. 4. Phy lo ge netic tree of EBV con structed based on the maxi mum
like li hood method (ML)



re sults de pend mainly on the labo ra tory tech niques used,
matched prim ers for PCR, as well as the mul ti plic ity of
tested sam ples [16]. The most com monly used method is
PCR, nested PCR and in situ hy bridi za tion.

In this pa per, in or der to de tect the ge netic ma te rial of
HPV and EBV in frag ments of fresh tis sue ob tained from pa -
tients with the lung can cer we used the method of
se quenc ing. Analy sis was car ried out on the L1 and EBNA-2
genes, which are used for geno typ ing of HPV and EBV, re -
spec tively. From 33 stud ied sam ples, one was HPV posi tive
(3%). In other works the level of this vi rus de tec tion was:
12.8% (78 ana lyzed sam ples) [16], 0% (110, 122 sam ples)
[8, 23], 39.4% (109 sam ples) [31] and 36.9% (217 sam ples)
[21]. In the case of EBV eight pa tients were posi tive (24%).
In ter est ingly, in the other four works this vi rus was not de -
tected de spite of the large number of tested sam ples (110,
122, 130, 23 sam ples) [8, 10, 12, 23]. In these works, the
authors used the method of PCR and in situ hy bridi za tion,
sug gest ing a con nec tion be tween the level of de tec tion and a
labo ra tory method used.

In the case of HPV we di ag nosed geno type 120. This type
has a tro pism for a wide range of multi- layered epi the lium in
hu mans. HPV120 was found in the mouth, hair, eye brows,
chan nel of the pe nis, vulva and anal area [6]. The de tec tion
of EBV type 1 in our speci mens is not sur pris ing be cause it is 
the domi nant geno type in this geo graphi cal re gion [14, 25].

CONCLUSIONS
The re sults sug gest no ef fect of HPV on the de vel op ment

of the lung can cer. In this study HPV type 120 was de tected,
which had  not yet been di ag nosed in the lung can cer tis sue.
It might con sider the re la tion ship be tween EBV and the lung
can cer, which re quires fur ther re search.
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