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Abstract— According to the literary data, terahertz radiation has some effects on different
blood cells. Our study focuses on the determining the level of some cell surface antigens of
lymphocytes when exposed to broadband terahertz range of 0.05—1.70 THz. These data indicate
that terahertz radiation with power density of 9.55, 0.63 and 0.03mW /cm? for 1 minute does
not alter the functional activity of lymphocytes.

1. INTRODUCTION

To date, literature sources contain a number of studies on the influence of terahertz (THz) radiation
on the functional activity of human blood cells. At various times, the objects of the study were
erythrocytes or platelets [1], leukocytes [2], as well as lymphocytes. In the case of the latter, the
emphasis was on the role of THz radiation of varying power in regulation of advancing of cells in
the cell cycle [3,4], violation of integrity of the genetic material of cells and DNA stability [4,5].
However, to evaluate the functional state of cells correctly, one can use a somewhat different
approach, based on determining the level of surface antigens that characterize the functional state
of cells, i.e., cell activation markers. Lymphocyte activation markers spectrum is very broad. They
are traditionally divided into several groups depending on the time of appearance on lymphocyte
surface after its activation. During the study, we have selected two antigens — CD38 and CD69,
increasing the level of surface expression of which allows to assess the functional state of cells in
culture conditions in vitro.

Molecule CD38 — is a transmembrane protein, which is an enzyme that regulates the cytoplas-
mic calcium concentration — the main mediator in signal transmission from the surface receptors
to the cell nucleus. In addition, this enzyme has a number of other properties and can exhibit the
activity of adenosine diphosphate-ribosyl cyclase, cyclic adenosine diphosphate ribosyl hydrolase,
and NAD-glycohydrolase [6]. CD38 acts as a receptor modulating cell-to-cell cooperation, and can
play a role in signal transmission from extracellular space into the cytoplasm of cells. This molecule
is widely represented on activated blood cells, which include T-, B-, NK-cells and some other types
of cells, and determining the level of expression of this molecule is of important prognostic value
while managing the patients with different pathologies [7]. As for the second activation marker
selected for our research, CD69 molecule refers to integral membrane proteins. It is believed that
CDG69 is involved in proliferation of leukocytes, because the level of its expression correlates with an
increase in proliferative activity of cells, however, the expression level of this molecule is extremely
low on the “resting” — not activated lymphocytes (typically, T- and B-cells) [8].

2. EXPERIMENTAL SETUP

The generation effect of THz radiation is that the laser beam of femtosecond interval creates free
charge carriers on semiconductor surface, the motion of which in the magnetic field generates THz
radiation. This principle is called a photoconductive antenna generation. In the present research
we developed an optical design of the experiment as shown in Fig. 1. Detailed description of the
scheme is given in [9].

The generated THz radiation had the frequency band of 0.05-1.7 THz with a maximum signal
at 0.5 THz, and the THz pulse duration was 2.5 ps. The samples were irradiated for 1 min. The
power of the THz radiation was varied by means of filters, and, allowing for absorption by the
plate, was 30, 2 and 0.1 uW. The irradiation area was 3.14 cm?. The power density was accordingly
9.55, 0.63, and 0.03 pW /cm?. The experiments were carried out at the temperature of 20°C. Each
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Figure 1: Scheme of terahertz photometer: (a) top view; elements 8 and (b) 9 — a side view: 1 — femtosecond
laser (Yb: KYW, 1040 nm, 120fs, 75 MHz, 1 W); 2, 4 — mirrors; 3 — mechanical modulator; 5 — InAs
crystal placed inside a magnet (angle of incidence was 45°); 6, 8 — the parabolic mirror; 7 — beam splitter
plate; 9 — an object placed in the wells; 10 — lens; 11 — opto-acoustic detector.

power irradiated by one sample from each donor (18 donors). 18 control wells were not subjected
to irradiation.

3. MATERIALS AND METHODS

Venous blood sampling from clinically healthy donors was carried out with heparinized (101U /ml)
test tubes. The blood was mixed with sterile phosphate-buffered saline (PBS) in the ratio of
1 : 2, and lamination by the density gradient of 1.077 g/mL of Histopaque-1077 (Sigma-Aldrich,
USA), and then subject to centrifugation for 30 min at 400 g and at 18-22°C. Upon the completion
of centrifugation, the mononuclear cell layer was collected, formed at the phase interface. The
resulting cell suspension was washed twice with the complete culture medium (CCM), prepared
based on RPMI-1640 (“Biolot”, St. Petersburg) with addition of 10% heat-inactivated fetal bovine
serum (FBS, “Biolot”, St. Petersburg), 50 g/ml gentamicin (“Biolot”, St. Petersburg) and 2mM
L-glutamine (“Biolot”, St. Petersburg), for 7 minutes while accelerating at 300 g. Then the number
of the obtained cells was determined using a hemocytometer. For experimental set up, the wells
of 24-well plates (“Sarstedt”, Germany) were filled with 200 pl of cell suspension (5 x 10° cells/ml)
poured to CCM. After radiation treatment, lymphocytes cultures were added with 250 pul of CCM
and incubated at 37°C under 5% COs for 24 hours. Upon completion of incubation, the cells were
mixed with cooled PBS containing 2% of FBS, transferred into centrifuge tubes, and washed twice
with PBS (300 g for 8 min). The resulting cell suspension was used for performing the experiments
described below.

Upon completion of incubation, the lymphocyte suspension was washed twice with PBS at the
above described conditions, and then mixed with 100 ul of fresh PBS. To identify the major cell
populations the following antibodies were used: to identify the population of T-lymphocytes —
CD3-PC7 (Cat. No. 737657), to identify B-lymphocytes — CD19-ECD (A07770), to identify a
population of natural killer cells — CD56-PC5.5 (A79388). Antibodies against CD69 (IM1934U)
and CD38 (A07778), PE labeled (phycoerythrin) and FITC (fluorescein isothiocyanate-dextran),
respectively, were used as activation markers. To correctly identify the lymphocyte population
the pan-leucocyte APC labeled (alofikotsianin) marker CD45 (IM2473) was used. Staining with
antibodies against surface antigens was carried out in accordance with the manufacturer’s recom-
mendations; to assess the level of expression of activation markers the isotype controls were used.
At least 20000 lymphocytes were analyzed for each sample by flow cytometer Navios (“Beckman
Coulter”, USA). Analysis of the results was performed using Kaluza software (“Beckman Coulter”,
USA).
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4. RESULTS AND DISCUSSION

Results were expressed as percentage of cells bearing either one of activation markers (CD38+CD69—
and CD38—CD69+), both markers simultaneously (CD38+CD69+), or bearing no of them (CD38—
CD69—). These markers were examined for populations of T-lymphocytes (responsible for imple-
mentation of cell responses of the acquired immunity), B-lymphocytes (the main function of which
is to participate in humoral responses of the acquired immunity), as well as natural killer (NK)
cells, and NKT-cells — peripheral blood lymphocyte populations involved in antiviral and antitu-
mor body responses. Processing of the results was performed using PASW Statistics 18 software
package (IBM, USA). The results are summarized in the Table 1.

Table 1: The percentage distribution of the cells by the presence of these activation markers (X £ s, n = 18,

X — average, s — error, n — number of observations for one point).

Power T-lymphocytes, % B-lymphocytes, %

density, CD69+ CD69+ CD69— CD69— CD69+ CD69+ CD69— CD69—

W /cm? CD38— CD38+ CD38+ CD38— CD38— CD38+ CD38+ CD38—

control 50£08 | 88+£14 | 522+29| 340+2.6| 9.6£1.0| 27.7+1.8| 49.5+2.0| 13.1+2.2
0.03 50+£07| 9.1+£19 | 529+29]| 33.0+2.5| 9.5+1.2| 29.0+2.0| 49.2+2.2| 12.2+1.8
0.63 52£07| 93£16 | 52.1+28| 33.5+£2.6| 9.8+£1.2|299+1.7| 48.6+2.0| 11.7+ 1.7
9.55 51+05| 91+£15|522+26(33.6+27| 94+1.0| 29.0+1.7| 49.6 +1.8| 12.1 + 1.7

Power NK, % NKT, %

density, CD69+ CD69+ CD69— CD69— CD69+ CD69+ CD69— CD69—

W /cm? CD38— CD38+ CD38+ CD38— CD38— CD38+ CD38+ CD38—

control 1.54+0.3 | 727£5.0| 23.5£4.8| 23+0.5 | 182£26| 15.6£0.7| 32.5£3.9| 33.7£3.2
0.03 1.84+0.4 | 720+4.7| 23.8+£45| 24406 | 18.7£29| 16.6£1.5| 32.2+3.9| 32.5+3.5
0.63 1.7+£03 | 724+4.7| 23.8+4.5] 21+£0.5 | 18.7+2.6| 16.7+1.3| 32.8+3.9| 31.8+3.3
9.55 1.84+0.3 | 7224+4.6| 23.8+£4.3| 22405 | 19.6£2.7| 16.7£1.5| 32.2+3.5| 31.4+£2.9

In the course of this study, no increase in the level of surface expression of CD38 on any of the
cell types studied, which include T-, B-, NK- and NKT-cells, was noted. However, literature study
indicates that the significant increase in CD38 level is reported in culture conditions of lympho-
cytes in vitro in response to the introduction of standard immunological stimulants such as phorbol
myristyl acetate, as well as IL-4 and anti-CD3 or M surface immunoglobulins, respectively [10].
When using terahertz radiation with the power density of 9.55, 0.63 and 0.03 mcW /cm? no activa-
tion of any of the above cell populations was the case. Similar results were obtained when assessing
the level of expression of CD69 of major lymphocyte populations, changes in the expression level
of which may be associated with proliferative activity of lymphocytes. As mentioned above, this
molecule is nearly absent on inactivated cells (T- and B-lymphocytes in particular). However,
during the transfer of lymphocytes to the activated state on RNA level — using polymerase chain
reaction — a significant increase in CD69 gene expression is observed 3—4 hours after the activation
of cells in vitro [11]. This is precisely why the CD69 marker is traditionally treated as “early”
lymphocyte activation marker. As for the populations of cytotoxic cells (NK- and NKT-cells), the
expression level of CD69 on them is continuously higher. Whereas additional stimulation of cells
is accompanied by an additional increase in the level of both CD69, and CD38 [7,12]. It’s worth
mentioning that the latter antigen — CD38— in case of B-lymphocytes and natural killer cells —
is treated by most researchers as a “differentiation” or maturation marker characterized by the
“maturity degree” of cells, rather than their activation status.

Literature analysis showed that there is no effect on the kinetics of the cell cycle, micronucleus
formation, proliferation index and the induction of micronuclei cells with cytogenesis block when
irradiating human peripheral blood lymphocytes with free-electron laser at 0.12 and 0.13 THz for
20 min, and average power of 1 mW and 0.6 mW, respectively [3].

In work [4] it was shown that using the radiation of 0.13THz (20min) in the power range
of 0.15-5.00mW /cm?, other researchers have also confirmed no effect on cell cycle kinetics of
lymphocytes. They also noted that the THz radiation causes no chromosome damage (MN-analysis).

Impact of THz radiation (0.1 THz, 31 mW /cm?) lasting for 60, 120 and 1440 min causes genome
instability in lymphocytes [5]. However, according to G. J. Wilmink, these results should be treated
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with caution [13].

All the above studies used continuous radiation sources. Also, power density of THz radiation
and duration of irradiation of the above works is significantly higher than those used in our exper-
iment (9.55, 0.63 and 0.03mW /cm?, for 1 minute). Only work [5] is comparable to ours in regard
to power density (31 mW /cm?). However, a large number of publications concerning the effects of
weak fields show that a low-intensity radiation can cause biological effects, which are not observed
during the radiation of a greater power. So the main possible mechanisms regarding the millimeter
and submillimeter wave (terahertz) range are presented in [14]. We should also note that our earlier
experiments on nerve cells [15] showed that the reduction of broadband terahertz radiation power
density leads to stimulation of cell growth. Based on the above, we have chosen the power density
data.

Due to the fact that the main practical interest of the use of THz radiation in medicine today
is aimed to develop diagnostic terahertz instruments, to diagnose using these instruments it makes
sense, to our opinion, to define the duration of exposure based on the duration of the study proce-
dure. Since the scanning takes a few minutes, then the exposure duration at this stage was chosen
as 1 min.

In our study, terahertz radiation with the power density of 9.55; 0.63 and 0.03mW /cm? for
1minute did not alter the functional activity of lymphocytes. It is possible that an increase in
exposure duration may affect the activation of cells. Variation of irradiation parameters will be the
next stage of our research.

5. CONCLUSION

Analysis of the level of expression of cell activation markers (CD38 and CD69) lymphocytes (T-
lymphocytes, B-lymphocytes, natural killer cells and NKT-cells) showed that the terahertz pulse
irradiation with the frequency range of 0.05-1.7 THz and power density of 9.55; 0.63; 0.03 mW /cm?
for 1 minute does not result in the reliable increase in number of lymphocytes containing these
markers.

ACKNOWLEDGMENT
This work was financially supported by Government of Russian Federation, Grant 074-U01.

REFERENCES

1. Kirichuk, V. F., E. V. Andronov, O. N. Antipov, A. N. Ivanov, A. P. Krenitsky, J. A. Krylov,
S. V. Suhova, and A. Tsymbal, “Influence of electromagnetic terahertz waves on living sys-
tems,” Bulletin of Medical Internet Conferences, Vol. 2, No. 6, 421-425, 2012 (in Russian).

2. Zeni, O., G. P. Gallerano, A. Perrotta, M. Romano, A. Sannino, M. Sarti, M. D’Arienzo,
A. Doria, E. Giovenale, A. Lai, G. Messina, and M. R. Scarfi, “Cytogenetic observations
in human peripheral blood leukocytes following in vitro exposure to THz radiation: A pilot
study,” Health Phys., Vol. 92, No. 4, 349-357, 2007.

3. Scarfi, M. R., M. Romano, R. Di Pietro, O. Zeni, A. Doria, G. P. Gallerano, E. Giovenale,
G. Messina, A. Lai, G. Campurra, D. Coniglio, and M. D’Arienzo, “THz exposure of whole
blood for the study of biological effects on human lymphocytes,” Journal of Biological Physics,
Vol. 29, 171-177, 2003.

4. Doria, A., G. P. Gallerano, E. Giovenale, G. Messina, A. Lai, A. Ramundo-Orlando, V. Sposato,
M. D’Arienzo, A. Perrotta, M. Romano, M. Sarti, M. R. Scarfi, I. Spassovsky, and O. Zeni,
“THz radiation studies on biological systems at the ENEA FEL facility,” Infrared Physics &
Technology, Vol. 45, 339-347, 2004.

5. Korenstein-Tlan, A., A. Barbul, P. Hasin, A. Eliran, A. Gover, and R. Korenstein, “Terahertz
radiation increases genomic instability in human lymphocytes,” Radiation Research, Vol. 170,
No. 2, 224-234, 2008.

6. Dos Santos, D. C., P. C. Neves, E. L. Azeredo, M. Pelajo-Machado, J. M. Martinho,
L. F. Pacheco-Moreira, C. C. Araujo, O. G. Cruz, J. M. de Oliveira, and M. A. Pinto, “Ac-
tivated lymphocytes and high liver expression of IFN-vy are associated with fulminant hepatic
failure in patients,” Liver Int., Vol. 32, No. 1, 147-157, 2012.

7. Slyker, J. A., B. Lohman-Payne, G. C. John-Stewart, T. Dong, D. Mbori-Ngacha, K. Tapia,
A. Atzberger, S. Taylor, S. L. Rowland-Jones, and C. A. Blish, “The impact of HIV-1 infection
and exposure on natural killer (NK) cell phenotype in Kenyan infants during the first year of
life,” Front Immunol., Vol. 3, 399-406, 2012.



1522

8.

10.

11.

12.

13.

14.

15.

PIERS Proceedings, Guangzhou, China, August 25-28, 2014

Caruso, A., S. Licenziati, M. Corulli, A. D. Canaris, M. A. De Francesco, S. Fiorentini, L. Per-
oni, F. Fallacara, F. Dima, A. Balsari, and A. Turano, “Flow cytometric analysis of activation
markers on stimulated T cells and their correlation with cell proliferation,” Cytometry, Vol. 27.
No. 1, 71-76, 1997.

. Duka (Tsurkan), M. V., Y. S. Nesgovorova, O. A. Smolyanskaya, V. G. Bespalov,

I. V. Kudryavtsev, A. V. Polevshchikov, M. K. Serebryakova, I. V. Nazarova, and A. S. Trulev,
“Study of the action of broad-band terahertz radiation on the functional activity of cells,”
Journal of Optical Technology, Vol. 80, No. 11, 655-660, 2013.

Deterre, P., V. Berthelier, B. Bauvois, A. Dalloul, F. Schuber, and F. Lund, “CD38 in T- and
B-cell functions,” Chem. Immunol., Vol. 75, 146-168, 2000.

Reddy, M., E. Eirikis, C. Davis, H. M. Davis, and U. Prabhakar, “Comparative analysis of
lymphocyte activation marker expression and cytokine secretion profile in stimulated human
peripheral blood mononuclear cell cultures: An in vitro model to monitor cellular immune
function,” J. Immunol. Meth., Vol. 293, Nos. 1-2, 127-142, 2004.

Montoya, C. J., J. C. Catano, Z. Ramirez, M. T. Rugeles, S. B. Wilson, and A. L. Landay,
“Invariant NKT cells from HIV-1 or mycobacterium tuberculosis-infected patients express an
activated phenotype,” Clin. Immunol., Vol. 127, 1-6, 2008.

Wilmink, G. J. and J. E. Grundt, “Invited review article: Current state of research on biological
effects of terahertz radiation,” J. Infrared Milli. Terahz. Waves, Vol. 32, 1074-1122, 2011.
Betsky, O. V., N. D. Deviatkov, and V. V. Kislov, “Lowintensity MM-waves in biology and
medicine,” Biomedical Radioelectronics, Vol. 10, 13-29, 1998.

Tsurkan, M. V. and O. A. Smolyanskaya, “Impact of terahertz radiation on cells,” Microwave
Conference Proceedings (APMC), 630-632, 2013.



