Lasers in Surgery and Medicine 22:37-41 (1098)

Generation of Infectious Retrovirus
Aerosol Through Medical
Laser Irradiation

Benedikt L. Zieglar, Mp,"* Ghristlan A. Thomas, Mp,2 Thomas Meier, Fhp,?
Robert Miller, php,' Theodor M. Fliedner, Mp,* and L.othar Weber, Mp, Php2

'Department of Hematology and Oncology, University of Tiibingen,
D-72076 Tibingen, Germany
2Departmant of Physiology and Callulsr Biophysics, Columbia University,
New York, New York 10032
3institute of Laser Technologles in Medicine, D-89070 Ulm, Germany
*Department of Cllnical Physiology and Gecupatienal Medicine, University of Ulm,
D-83070 Uim, Garmany

A novel model system was used to investigate the spread of in-
fectious particles and Hve cells through the application of lasers
commonly used in clinical medicine, Snpernatants from a cell
line producing recombinant retroviruses carrying a marker
gene (neoR) were exposed to Er-YAG-laser beams. Aerosols were
collected from various sites and distances from the point of la-
ser impact and weore analyzed by reverse transeviption-
polymerase chain reaction (RT-PCR) for neoR. In addition, a
susceptible indicator cell line was used to investigate the pres-
ence of infectious virions in collected aerosols. To test the pos-
sibility of dissemination of viable cells, a cel line was laser ir-
radiated, and the generated aerosols were analyzed for the
. presence of viable cells. The viral marker gene neaR could be
detected in 16% (distavce: §.0-6.3 cm) ta 59% (0.5~1.6 em) of wells
adjacent to the point of laser impact. The presence of infectious
viruses in laser vapors conferring G418 resistance could he de-
tected in 3% (distance 5.0-6.3 cm) to 20% (distance; 0,.5-1.6 cm) of
wells containing snsceptible cells, and subsequent PCR analysls
of isolated resistant clones revealed the presence of neoR-ENA
and -DNA. Viable cells were detected in 40% (distance 0.7-3.6
cm) to 3% (distance 10.7-11.8 cm) of wells adjacent to the point of
Inser impact. These results demonstrate that laser vapors can
contain infectious viruses, viral genes, or viable cefls and may

romote the spread of infections or tumor cell dissemination.
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INTRODUCTION

Lasers have many applications in medicine.
Although laser beams may come in contact with
infectious or neoplastic tissues, the risk of infec-
tions or inadvertant dissemination of neoplastie
cells through laser plume or vapors is thought to
be neglegible. Consistent with this notion, neither
human papilloma virus DNA [1] nor infectious
HIV-1 [2] have been demonstrated in vapors re-
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sulting from laser treatment of laryngeal papilla-
matosis and concentrated HIV-infected tissua cul-
ture pellets, respectively.

However, several reports suggest that laser-
derived vapors may contain infactions particles or
viral DNA. First, human and bovine papilloma
virus DNA (HPV, BEFV) has been detectad in laser
vapors from warts treated with earbon dioxide la
sers [3], and laser vapor-derived bovine papilloma
virus has been ghown to contain infectious par-
ticles [4]. Second, & case of laryngeal papillomato-
gis (HPV type 6 and 11) has been described ip a
surgeon who treated patients with amegenital
warts using a Nd:¥YAG laser [5]. Finally, viable
bacteriophage A has been demonatrated in vapors
after exposure of virus containing agar to a carhon
dicxide laser [6]. This oll suggeats that laser va-
pors generated during medica! procedures may
eontain infortous materials as well as viable tu-
mor eells [V] and, therefore, could pose a signifi-
cant risk to health care providers.

The aim of this study was to determine if
laser vapors contain infections partides or viable
cells and, therafore, conld promote viral infections
or tumor eall dissemination, We developed a
model system that permits the detection and
auantitaticn of infectious viral particles, viral
mARNA, and viable cells in laser vapars in relation
to the distance from the point of laser impact.

MATERIALS AND METHODS

To produce recombinant amphotropie retro-
viruses PAB1T packaging cells [8] were trans-
fected with the pZIPneoSVx plasmid [9], and
rneofi-expressing clones were selected in medijum
containing 1,000 pg/ml Geneticin (G418). Super-
natants from individuzal elones were analyzad for
their ability to induce G418 resistance in NIHATS
cells, and one clone producing 5 » 105 cf/m)] was
selected for 11 subsequent experiments. Freshly
collected supernatants were cleared of cellular de-
bris and analyzed by reverse transcription-
polymerase ¢hain reaction (RT-PCE) [10] and
DNA-PCR using env specific primers which rec-
ognize the amphotropic eavelope (env) coding se-
quence [11].

For irradiation experiments, 250 uL of ret-
Tovirns supernatant was frradiated in a single
well of a 96-well plate (Fiz. 1) with a pulsed
ER‘YAG-laser. The ErYAG laser is a mid-18 ]a-
ser with o wavelength of 2.94 pm. The strong al-
sorplion by tissue water in this wavelenath region
15 responsible for inereasing medical use of this
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Dimtance from rerevinus containing well

Fig, 1. Insert: A 06-well plate and the ermangement of proup
I to VI wells is shown, X-axdis; Group of wells as indicated by
the incert Vogwis: Bolid diameods show the percentaze of
neskl H1-PCR—pogitive wells (1 ta V1) afer laser frradiation of
the central well, Rasults of infection asseys with airborne
raliviros ere presesnted us G418 resistant NIESTH elones
par 100 wells (triangles).

laser type, both for goft and hard tissue ablation.
Parameters used for irradiation were pulse en-
ergy 60 mJ, epot dismeter 1.2 mm, pulses 250 LS,
repetition frequency 7 s~1, 500 pulsea eorrespond-
ing to a total irradiation time of 70 s.

Tha laser beam was directed perpendicylarly
to the center of the irradiated well (Fig. 1). Sur-
rounding wella contained 100 uL of GuSCH lysis
buffer [10] for detection of viral genes by RT-PCR
or, alternatively, NIH3TS cells (approximately
60% confluent) for detection of infectious particles
conferring G418 resistance. RT-PCR was per-
formed as described [10] using neoR primers: 5'-
GAACAAGATGGATTGCACG-3' and 5'-
TATTOGGUAAGCAGGCATCG-3'. To detect in-
fectious particles, NTH3T3 cells in medium [8]
¢ontaining 6 pg/ml polybrena were co-cultivated
with cellected laser vapors for 6 hours and there-
after grown in the sbsence of polybrene. Thres
days post-infection, NTHAT3 cells were selected -
for neoR expression by adding G418 to tha me-
dium (400 pg/ml from day 3 to day 6, 1,000 pgml
after day 7) and maintained for 14 to 20 days.

For all experiments, wells adjacent to the
central well containing laser-treated retrovirus
supernatant were designated as group I (distance
from central well was 0.5-1.8 cme; eight wella),
group II (distanee 1.4-2.9 em; 16 wells), group ITT
(distance 2.8-4.2 em; 24 wells), group IV {distance
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3.2-4.8 cm; 23 wells), group V (4.1-5.5 cm; 16
wells), or group VI (5-6.3 cm; eight wells).

To analyze laser vapors for the presence of
viable cells, PA317 cells were grown t¢ confluency
in 35-mm dishes in semisolid medium containing
3% agar and exposed to laser beams (5.8 J/em?, 70
sec). Culture dishes were kept in an upright posi-
tion and placed on an automatic support that pro-
vided slow bidirectional movements during the ir-
radiation. For collection of viable cells in laser va-
pors, 96-well plates with culture medium were
pasitioned beneath (vertical distance between
point of laser impact on irradiated cells and me-
dium in 96-well plates was 4 em) the 35-mm
dishes that were exposed to the laser beam (row
12 consisting of eight wells represented the far-
thegt distance to the irradiated ealls). The 96-well
dishes were then incubated for up to 3 weeks and
examined for the presence of growing cell clones.

RESULTS
Laser Vapors Contain Infactious Viral Genes

Tissue culture wells containing viral super-
natants were irradiated with a pulsed Ex-YAG la-
ser for 70 seconds and then assayed for the pres-
ence of viral marker genes as well as infectious
viral particles. First, we analyzed wells that were
positioned around a laser-ireated well (group I to
VI Fig. 1, insert) containing retrovirus superna-
tant for the presence of neok mRNA by RT-PCR.
Figure 1 shows the means and standard devia-
tions of four experiments. In 16% (distance VI =
5-6.3 cm) to 59% (distance I = 0.5~1.6 cm) of
adjacent wells viral marker gene sequences
(neoR) that originated from the laser-treated ret-
rovirus supernatants could be demonstrated (Fig.
1, solid diamonds). The corresponding RT-PCR
products of neoR for welly IV-VI are shown in
Figure 2, lanes 4-6 (upper panel).

Laser Vapors Contain Infectious Viruses

If infectious viruses are present in vapors
from laser-treated retroviral supernatants, ex-
pression of viral genes should be readily detect-
able in susceptible cells that were expogsed to
these vapors. We assayed for the presence of vi-
able viruses in laser vapors by exposing wild-type
NIH3TS cells to laser vapors as deseribed above.,

These cells normally do not survive G418
concentrations in excess of 0.5 mg/ml. After suc-
cegsful infection with a retrovirus containing the
neoR gene (G418 concentrations of 1.0 mg/ml are

aeoR-»

Fig. 2. Autaradiographs of RT-PCR and DNA-PCR products,
Upper panel: Five microliters (lane 1), 5 L of a 1:25 dilu-
tion (Jame 2), and § pL of a 1:250 dilution (lane 8) from the
retrovirus producer cell lina PA317 was proceszed for RT-PCR
ag described (10). Lanes 4-6 represent RT-PCR products de-
rived from airborne retrovirus collected from group IV, V, or
VI wells, respactivaly. DNA-PCR (lane 7) and RT-PCR, lane
8) products derived from G41B-resistant clones generated
through infection of NI¥{3T3 cells by airborne retrovirus.
Lowsr panel: The RNA from one PA317 producer cell (lane
1) and a 1:10 dilution of RNA (lane 2) was proceased for
RT-PCR using env-specific primers (11). Lane 3 shows the
DNA-PCR env product from one PA317 cell. Five mieroliters
of producer cell line suparnatant was processad for RT-PCHR
(lane 4) or DNA-PCR (Iane 5). Note the ahsence of env PCR
productz in lanea 4 and §, demonstrating absence of retraviral
DNA and RNA sequences in the superngtant.

tolerated. When NTH3TS cells were exposed to va-
pors from laser-treated retroviral supernatants
between 3 (VI = farthest distance) and 20 (I =
closest distance), G418-resistant indicator cell
clones per 100 wells could be detected (Fig. 1,
open triangles). Subsequent PCR analysis of iso-
lated resistant clones revealed the presence of
neoRR-RNA (Fig. 2, upper panel, lane 8) and -DNA
(Fig. 2, upper panel, lane 7). '

Retrovirus supernatants may contain pro-
ducer cell-derived non-particle~associated viral
RNA and/or proviral DNA sequences which could
obscure our PCR results. To address this issue,
supernatants were analyzed by RT- and DNA-
PCR using primers that recognize the producer
cell line-derived retroviral env-sequence which is
not part of the genome of the investigated retro-
viral particles. Figure 2 (lower panel), lanes 1-3
show enu products of lysates derived from a single
PA317 producer cell as determined by RT-PCR
(lanes 1 and 2) or DNA-PCR (lane 3). Superna-
tants derived from the PA317 producer cell line,
however, were negative for env products by RT-
PCR (lane 4) or DNA-PCR (lane 5). Thus, super-
natants contained virus particle-associated retro-
viral RNA but not cellular RNA and/or DNA se-
quences. "
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TABLE 1. Percentage of Wells at the Indicated
Distance From the Point of Laser Impact Coutaining
Viable Cells

Distance from laser Wells with viable
impact (cm) cells (% = SD)

Row 1 0.7-3.6 40.7 % 11.7
Row 2 1.8-4.1 4062119
Row 8 2246 375+ 10.2
Row 4 3.5-58 28,1+ 119
Row & 4.4-6.1 156+ 6.2
Row 6 5.3-6.8 12.5 + 10,2
Row 7 6.2-7.6 93262
Row 8 1184 62+72
Row 9 8.0-9.2 3.1x6.2
Row 10 8.9-10.2 0x0
Row 11 9.8-11.0 8.1+862
Row 12 10.7-11.8 3.1+6.2

Laser Vapors Contain Viable Celis

To determine if laser vapors can contain vi-
able cells, confluent layers of PA317 cells were
irradiated. Ninety-siz—well plates that had been
positioned around the point of laser impaet were
assayed for the presence of viable cells. Table 1
shows that between 40% (shortest distance from
point of impact) and 3% (Qongest distance) of wells
contained vigble cells,

DISCUSSION

Our data suggest that laser irradiation of
biological materials can lead to the generation of
laser vapors containing viable cells and infectious
retroviruses. Qur data show that viruses con-
tained in laser vapors remain infectious and re-
main capable of integrating into the genome of
susceptible cells. Aside from viable viruses, laser
vapors may also contain partially inactive or in-
competent viruses. This is supported by the fact
that the neoR marker gene is detected with higher
frequency than G418-resistant NIH3T3 clones in
wells at equal distances from the point of laser
irnpact. A possible explanation ig that the direct
impact of laser beams may cause fragmentation of
some viruses such that they are rendered non-
mfections. However, partial viral or oncogene se-
quences can also pose a significant health hazard
for exposed personnel since they may have trans-
forming potential [12]. Similarly, HIV proviral se-
quences as well as p24 and gag antigens have
been detected in susceptible cells after €xposure
to laser-generated debris [2]. Productive infection
of these cells was not detectable, suggesting that
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only non-infactious viruses were generated in va-
pors collected at the site of laser impaet, Although
the occupational risk of HIV transmission ap-
pears to be low, laser vapors containing poten-
tially infections HIV particles pose a serious
threat to health care providers.We detected virus-
infected cells and viral genes as far as 6.3 cm from
the point of laser impact, but laser debris travel-
ing distances of up to 100 cm has been described
[13].

The spread of tumor cells has been demon-
strated by others [7] and is corroborated by our
findings that laser vapors contain viable eells.
These findings raise the possibility that lasers
used for tumor surgery may contribute to the dia-
semination of tumor cells and promote Jocal or
distant metastasis. Qur data suggest that the use
of lagers in medicine may constitute a significant
bichazard for health care providers. However,
continuous-wave lagers with very much lower
peak powers than the described Er:YAG-laser
1ay be less bichazardous, which was not investi-
gated in the present study.

By using PCR as deseribed in this report as
well as thyough viability and infectivity assays,
more data on an array of medically important vi-
ruses and tumors could be obtained, Estimating
the rigk of medical procedures may aid in estab-
lishing safety precautions to protect health cars
personnel more effectively.
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