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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Oxygen therapy, utilizing both normal and
elevated pressures, is a standard treatment for a range of medical
conditions. Given that administered oxygen impacts the entire
body, including blood constituents, this research examines how
different oxygen and pressure environments influence gene
expression in human peripheral blood monocytes.

Methods: The treatment of isolated PBM with hyperbaric
oxygen (HBO), hyperoxia, elevated pressure and hypoxia were
performed. In addition, the expression of different Monocytes
surface epitopes (CD38 and CD157 expression) were examined
by gqPCR technique. Normoxic culture media served as a
positive control.

Results: The impact of 90-minute exposures to hyperbaric
oxygen, hyperoxia, and hypoxia on CD38 and CDI157
expression in monocytes was investigated. Compared to
normoxic controls, both hyperbaric oxygenation and hyperoxia
significantly decreased (p <0.05) CD38 and CD157 expression.
Notably, CD157 expression exhibited a greater reduction
under hyperbaric oxygenation than CD38. Conversely,
hypoxia induced a significant increase in CD38 expression,
while simultaneously reducing CD157 expression relative to
normoxia.

Conclusions: Changes in oxygen levels and pressure,
specifically through hyperbaric oxygen, hyperoxia, and
hypoxia treatments, demonstrably alter monocyte behavior
and the expression of surface epitopes. These alterations could
play a significant role in conditions where monocytes are
implicated. The data aligns with existing research highlighting
the influence of oxygen tension on cellular proliferation and
protein production. Consequently, these findings underscore
the potential importance of controlled oxygen administration,
whether normobaric or hyperbaric, in clinical settings.

Key words. Hyperbaric oxygen therapy, hypoxia, pressure,
CD38, CD157, peripheral blood monocytes.

Introduction.

CD38, a cell surface protein and CD marker [1], exhibits both
enzymatic and receptor roles [2,3]. As a receptor, it participates
in activation and proliferation signaling, and facilitates leukocyte
adhesion to the endothelium through CD31 binding [4]. The
receptor functions of CD38 are well-documented across various
cell types [5]. Functioning as a multi-purpose ectoenzyme,
CD38 fits with the adenosine diphosphate (ADP) ribosyl cyclase
(ARC) enzyme family [6]. Its enzymatic activities include the
conversion of NAD to nicotinic acid adenine dinucleotide
phosphate (NAADP) and cyclic adenosine diphosphate ribose
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(cADPR), as well as the hydrolysis of NAD to ADP-ribose [7].
In mammals, CD38 is classified within the NAD hydrolase/ARC
group. This gene family generates both soluble enzymes, such
as those found in Aplysia and sea urchin, and membrane-bound
enzymes, including CD38 and CD157 in mammals [8]. CD157,
another mammalian member of the CD38 family, is a 42-45 kDa
cell surface protein [9]. Both CD38 and CD157 are glycoproteins
with a polypeptide core consisting of 280-300 amino acids [10],
and the CD38 gene is located on chromosome 4 [11].

CD157, or BST1, is a cell-surface protein that does double
duty. It's a receptor and an enzyme that handles B-NAD+, a
member of the ADP-ribosyl cyclases family, and a key player in
calcium regulation [12]. While first identified in bone marrow
and myeloid cells, it's actually found in many places. Because
it affects immune responses, people are looking into it as a
drug target [13]. It shows up in bone marrow precursors [14],
and in a range of white blood cells, including neutrophils [15],
basophils, monocytes [16], macrophages [17], and plasmacytoid
dendritic cells [18]. Endothelial cells, important for immune cell
traffic, also express it, indicating a role in inflammation [19].
Beyond that, CD157 impacts cell adhesion and movement, and
is associated with worse prognoses in some cancers [20].

CD38's involvement in a wide array of cells, tissue, and
diseases positions it as a potential therapeutic target, prompting
extensive research into its transcriptional regulation. A variety of
signaling molecules, notably cytokines (IFN-a, -B, -y, IL-2, IL-
4, TNF-a, IL-13, and Th2 cytokines) and hormones (estradiol-
17B, glucocorticoids), have been identified as key regulators
of CD38 expression [21-27]. Studies have demonstrated that
pro-inflammatory cytokines (IFN-y and IL-2) specifically drive
CD38 transcription in monocytes and related cell lines (U937,
THP-1) [28]. The transcriptional control of CD38 is further
influenced by compounds such as isonicotinic acid [29], 1a,25-
dihydroxy vitamin D3 [30], and ATRA [31], while DMSO has
been reported to have no effect [32]. Certain flavonoids, like
kuromanin and luteolin, also contribute to the regulation of
CD38 transcription [33]. Finally, the expression of CD38 by
its substrate, NAD, has been recently confirmed [34,35]. This
study demonstrated that CD38 expression can be influenced
by modulating NAD levels. Identifying effective regulators
of CD38 mRNA expression could provide a valuable clinical
application, particularly for patients with CD38+ subsets.
While previous research has identified various regulators of
CD38 expression, primarily at the mRNA level, the impacts
of hyperbaric oxygen therapy (HBO), hyperoxia, pressure,
and hypoxia on the in vivo regulation of CD38/CD157 gene
expression have not been previously investigated.
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The use of HBO has become a staple in the treatment of
compromised bone structures, particularly when faced with
persistent infections such as osteomyelitis and the challenges
posed by bone necrosis, especially following radiation exposure
[36-38]. The fundamental principle behind HBO involves
placing patients in a pressurized chamber where they inhale
pure oxygen. This process leads to a significant elevation in the
oxygen levels reaching compromised tissues [39]. This surge in
oxygen delivery is not merely a passive phenomenon; it actively
facilitates the body's natural healing mechanisms. Specifically,
it stimulates the generation of new vasculatures, a process
known as angiogenesis, and modulates the immune response,
both of which are crucial for tissue repair and regeneration [40].
It's a well-established fact that bone cells exhibit a profound
sensitivity to fluctuations in oxygen tension. Under conditions
of hypoxia, or low oxygen availability, there is a distinct shift
in cellular activity, favoring the breakdown of bone tissue,
a process mediated by osteoclasts, while simultaneously
suppressing the activity of osteoblasts, the cells responsible for
bone formation [41,42].

While previous investigations have demonstrated the capacity
of HBO to stimulate osteoblast activity, thereby promoting
bone formation [43,44], a critical gap in our understanding
persists. We lack comprehensive information regarding the
precise mechanisms by which HBO influences gene expression
within human immune cells during the course of treatment.
This absence of knowledge is particularly concerning given
the potential implications for inflammatory bone diseases,
where immune cell activity plays a pivotal role. Furthermore,
while HBO is employed to address necrotic skeletal disorders,
it's equally important to acknowledge that hypoxia is hallmark
feature of numerous skeletal pathologies characterized by
unnecessary osteoclast formation and subsequent bone
resorption [45,46]. Existing research has primarily focused
on elucidating the effects of HBO on osteoclast differentiation
and activity, and has sought to determine whether HBO offers
a superior therapeutic approach compared to simple elevations
in oxygen levels, known as hyperoxia, or the application of
pressure alone [47]. However, the molecular mechanisms
through which HBO orchestrates changes in gene expression
remain largely unexplored. To address these critical clinical
and molecular questions, the current study was designed to
meticulously evaluate the effects of HBO, hyperoxia, and
elevated pressure on the expression of CD38 and CD157 genes
in human peripheral blood mononuclear cells (PBMCs). These
experiments were conducted under both normoxic, or normal
oxygen, and hypoxic, or low oxygen, conditions, providing a
comprehensive assessment of the cellular responses to these
varying environmental factors.

Materials and Methods.

Cell Culture: Adhering to established ethical guidelines,
healthy volunteers have given blood samples via venipuncture,
with heparin added as an anticoagulant. The collected blood
was subsequently diluted with an equivalent volume of
unsupplemented o-MEM medium. Mononuclear cells were
then isolated via density gradient centrifugation. Specifically,
15 mL of the diluted blood was carefully layered onto 25
mL of Histopaque-1077 (Sigma-Aldrich, UK) and subjected

149

to centrifugation at 700 xg for 30 minutes at 4°C (Figure 1).
The monocyte-containing layer (buffy coat), was collected and
washed with 10 mL of unsupplemented a-MEM, followed by
a second centrifugation at 400 xg for 10 minutes at 4°C. The
resulting cell pellet was then resuspended in a culture medium
supplemented with 10% FCS, and red blood cells were using a
10% acetic acid solution.
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Figure 1. Simple diagram to show isolation of Peripheral Blood
Monocyte cells (PBMC) from whole blood.

Cells were subjected to either hypoxic (2% 0O2) and normoxia
(21% 0O2) conditions by placement in hermetically sealed
chambers. These chambers were filled with the designated
gas mixtures for a 90-minute period, subsequently sealed, and
maintained at 37°C (Figure 2). For exposures to hyperbaric
oxygen (HBO (97.9% 02, 2.1% CO2, 2.4 ATA), or pressure
(2.4 ATA, 8.8% 02, 2.1% CO2, and 89.1% N2) and hyperoxia
(95% 02, 5% CO2, 1 ATA)), cells were transferred to stainless
steel hyperbaric chambers. These chambers underwent a four-
minute purging with the required gas mixtures, followed by
a two-minute pressurization to 2.4 ATA. Cell cultures were
then exposed to the specified conditions (HBO, pressure, or
hyperoxia) for 90 minutes. Following this, peripheral blood
mononuclear cell (PBMC) experiments were concluded, and
samples were collected for gene expression analysis.

g r

Figure 2. (A) boxes and (B) Oxygen cylinders used in normoxia,
hypoxia and hyperoxia trials.

Quantitative RT-PCR: To quantify the expression levels of
CD38 and CD157 genes, quantitative polymerase chain reaction
(qPCR) was employed, utilizing the AACT method. Total RNA



was extracted with RNA kit (Sigma Genelute), and the resulting
RNA was then converted to cDNA using the ImPromlII Reverse
Transcription System (Promega, Southampton, UK). The qPCR
reactions were carried out on a StepOne PCR system (Applied
Biosystems, Paisley, UK), with SYBR green serving as the
detection reagent for the amplified PCR product. The forward
and reverse primer sets used (Table 1).

Table 1. Primer designed for the study.

Genes Primers Size Product
(bp)
F CCCACTCCTCCACCTTTGAC 20
GAPDH R CTGTTGCTGTAGCCAAATTCGT 22 100
CD38 F GCACCACCAAGCGCTTTC 18 100
R TCCCATACACTTTGGCAGTCTACA 24
CDI157 F GGGAAGGCAGCATGAAAGTC 20 105
R GGTCCACGCACTGTAAGAGCTT 22

For this process, an initial 2-minute period at 94°C was
implemented, then followed by 40 cycles. Each cycle included
30 seconds at 94°C, 30 seconds at 60°C, and 30 seconds at
72°C. The resulting gene expression values were adjusted
using GAPDH as a baseline, and the data was displayed as a
comparison to the control. The effect of 90-minute exposures
to either hyperbaric oxygen (HBO), high oxygen (hyperoxia),
or increased pressure on gene expression was evaluated. Cells
were cultured under normal oxygen levels (21% 02, 1 ATA) or
were exposed for 90 minutes each day to one of the following:
HBO (97.9% 02, 2.4 ATA), hyperoxia (95% 02, 1 ATA), or
increased pressure (8.8% 02, 2.4 ATA).

Statistical analysis: Outcomes are reported as the mean +
SEM of three independent experiments, each with eight replicate
wells per condition. Statistical significance was defined as a
p-value below 0.05 when compared to the normoxic control,
the gene expression by PCR were represented as fold of change
relative to the housekeeping gene.

Results.

In the current study (Table 2) presents the relative expression
levels of CD38 and CD157 in monocytes isolated from healthy
individuals subjected to different oxygenation conditions:
normoxia, hyperoxia, hyperbaric oxygen (HBO), and pressure.
The mean + SEM (Standard Error of the Mean) are provided
for both CD38 and CDI157 expression. This data highlights
the differential response of CD38 and CD157 expression in
monocytes to oxygenation changes.

Table 2. Relative expression of CD38 and CD157 in monocytes from
healthy individuals under different oxygenation conditions.

Normoxia Hyperoxia HBO
CD38 Relative Expression (Fold of change)

Pressure P value

g/gﬁl * 1+0 0.28+£0.06  0.156+0.055 0.7+0.1826 0.06
CD157 Relative Expression (Fold of change)

+
ggﬁl 1+0 0.277+0.043 0.086+0.054 0.465+0.035 0.0001
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CD38and CD157 Relative Expression Under HBO, Hyperoxia
and Pressure.

CD38 Relative Expression: The highest expression is seen
under normoxic conditions (1+0), with reduced expression
under hyperoxia (0.28+0.06), HBO (0.156+0.055), and varying
expression under pressure (0.7+0.1826). The p-value of 0.0537
suggests the differences are not statistically significant (p>0.05).

Table 3 summarizes the results of Tukey's multiple comparisons
test, analyzing the relative expression of CD38 in monocytes
across different oxygenation conditions: normoxia, hyperoxia,
hyperbaric oxygen (HBO), and pressure. The adjusted p-values
and significance levels are shown for each comparison. The
p-values indicate no statistically significant differences between
any of the oxygenation conditions in the expression of CD38.

Table 3. Tukey's multiple comparisons test for CD38 expression under
different oxygenation conditions.

Tukey's multiple comparisons test  Summary |Adjusted P Value

Normoxia vs. Hyperoxia ns 0.1171
Normoxia vs. HBO ns 0.0666
Normoxia vs. Pressure ns 0.5843
Hyperoxia vs. HBO ns 0.9625
Hyperoxia vs. Pressure ns 0.3391
HBO vs. Pressure ns 0.1787

CD157 Relative Expression: Similar to CD38, normoxia
shows the highest expression (1+0). Expression decreases
under hyperoxia (0.277+0.043) and HBO (0.086+0.054), with a
moderate increase under pressure (0.46540.035) when compared
to HBO and hyperoxia. The p-value of 0.0003 indicates a highly
significant difference (***).

Table 4 presents the results of Tukey's multiple comparisons
test, evaluating the relative expression of CD157 in monocytes
under normoxia, hyperoxia, hyperbaric oxygen (HBO), and
pressure. The summary shows the level of significance for each
comparison, and the adjusted p-values are provided. The results
indicate that significant differences exist between normoxia and
the other conditions (hyperoxia, HBO, and pressure), as well as
between HBO and pressure. However, no significant differences
were observed between hyperoxia and HBO or hyperoxia and
pressure.

Table 4. Tukey's Multiple Comparisons Test for CD157 Expression
under Different Oxygenation Conditions.

Tukey's multiple comparisons test | Summary Adjusted P Value

Normoxia vs. Hyperoxia oAk 0.0007
Normoxia vs. HBO ok 0.0003
Normoxia vs. Pressure *x 0.0021
Hyperoxia vs. HBO ns 0.0806
Hyperoxia vs. Pressure ns 0.0845
HBO vs. Pressure Hx 0.0079

CD38 and CD157 Relative Expression Under Hypoxia:
Table 5, illustrates the relative expression levels of CD38 and
CD157 in monocytes from healthy individuals under normoxic
and hypoxic conditions. mean+SEM (Standard Error of the



Mean) presented for each marker. This data suggests that there
is no significant variation in CD38 and CD157 expression in
monocytes between normoxic and hypoxic conditions.

Table 5. Relative Expression of CD38 and CD157 in Monocytes from
Healthy Individuals under Normoxia and Hypoxia.

Normoxia Hypoxia P value
CD38 Relative Expression (Fold of change)
Mean+SEM 1+0 1.2+0.3 0.08
CD157 Relative Expression (Fold of change)
Mean+SEM 1+0 0.8+0.1 0.65

CD38 Relative Expression: CD38 expression remains stable
under normoxia (1 + 0) but shows a slight increase under hypoxia
(1.2 £ 0.3). The p-value of 0.5736 indicates no significant
difference between the two conditions (ns). CD157 Relative
Expression: Under normoxia, the expression is 1 + 0, while
under hypoxia, it slightly decreases (0.8 + 0.1). The p-value
of 0.1835 suggests no significant difference between normoxia
and hypoxia (ns). When oxygen levels are low, it's generally
understood that typical cells switch their energy production from
using oxygen to a process called lactic acid fermentation (68),
rather than relying on oxidative phosphorylation. Consequently,
it's reasonable to expect that gene activity would be altered in
these circumstances. Specifically, under 2% oxygen (hypoxia),
we observed an increase in CD38 gene expression, while CD157
gene expression decreased. Taken together, these new findings
provide strong evidence that low oxygen levels significantly
impact the expression of CD38 and CD157 in monocytes from
peripheral blood.

Discussion.

CD38 and its counterpart CD157 (BST-1), which are adjacent
gene copies on human chromosome 4 (4pl5), are members of a
gene family that encodes proteins that regulate cell interactions
through two-way signals. The CD157 gene, spanning over 35
kb, is situated very near its paralog CD38 and is constructed
from nine exons. The significant evolutionary preservation
of CD38 and CD157 is evident in the comparable length of
exons 2-8 and the consistent positioning of intron insertions.
Both proteins exhibit dual roles, functioning as receptors and
ectoenzymes, and participate in intricate processes related to
signal transduction and cellular homeostasis. CD38 and CD157
have transitioned from simple leukocyte activation markers to
multifaceted molecules implicated in both health and disease
[48]. The relationship between CD38 or CD157 and human
diseases has been reviewed in [49]. Future studies should
investigate their potential as targets for in vivo therapeutic
strategies and as modulators of the immune response.

The data of the presented aligns with earlier research that
highlighted the influence of oxygen concentration on cell cycle
progression and protein production [50]. While hyperbaric
oxygenation was explored as a possible stimulator of cell
proliferation and differentiation in promyelocytic leukemia, a
study involving 72-hour exposures to hyperbaric oxygen and
oxygen revealed a decrease in CD13 and CD38 expression
following hyperbaric treatment [50].

Notably, most studies believed that cellular and molecular
mechanism through which hyperbaric oxygen therapy (HBO),
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hyperoxia or pressure regulate gene expression is unclear.
However, other studies suggest it might be through HBO
rapidly delivers oxygen to areas of ischaemic tissue damage
by elevating plasma oxygen concentration [51]. The resulting
rise in oxygen levels is thought to aid tissue repair through a
complex interplay of factors, including changes in how blood
vessels react, the creation of new blood vessels, the production
of free radicals, the creation of cytokines, and the shifting of
immune responses [51]. It's possible that HBO, by encouraging
capillary growth, could directly initiate CD38 gene expression
in previously oxygen-deprived regions. Similarly, it could also
directly enhance CD157 expression. Therefore, this study seeks
to determine whether HBO has a direct influence on monocyte
markers under both normal and low-oxygen conditions.

Research has consistently demonstrated the positive impact
of hyperbaric oxygen therapy (HBO) on bone health [52-56],
leading to its use in promoting healing in conditions such as
osteonecrosis, bone grafts, and dental implants [57-59]. It has
been observed that daily HBO exposure accelerates the process
of osteoblast differentiation, indicated by increased levels of
type I collagen and Runx-2 mRNA during early culture stages.
Notably, HBO exhibited a stronger influence on examined
biomarkers compared to isolated increases in oxygen or pressure
[51], a finding corroborated by our present study. Conversely,
environments characterized by high oxygen levels or increased
pressure alone may not significantly alter CD38 expression to
the same extent as HBO. In fact, investigations into the effects
of hyperoxia on human cells are scarce; however, a prior
report indicated that hyperbaric oxygen induces cell death in
Jurkat and HL60 cells, both spontancously and in response
to chemotherapy [60]. Other investigations have explored
hyperoxia as a potential treatment for cancer [61,62], yet there
is a lack of research examining its impact on CD38 expression
in human cells, or that of pressure alone. However, in our
study, we observed that both HBO and hyperoxia had a more
significant effect on CD38 expression compared to CD157.

CD157, as a homologue to CD38, shows a similar response
to the pressure and different oxygenation conditions, this is
further confirmed previous studies which demonstrate the role
of oxygen tension in the regulation of cell cycle and protein
expression [50]. However, the mechanism to regulate CD157
expression in primary human monocytes exposed to different
oxygenation environments, still under investigations.

The oxygen level of 2% hypoxia was intentionally chosen, as
it aligns with prior publications showing that this concentration
supports cell survival in culture [63]. These results could
indicate a potential correlation between reduced oxygen
availability and gene regulation in human monocytes. Studies
examining the influence of low oxygen conditions on gene
expression, particularly CD38, are scarce. However, it's widely
recognized that hypoxia, a reduction in oxygen availability,
significantly contributes to various disease processes, including
ischemic stroke and tumor development [64]. Cells subjected
to hypoxia possess the ability to survive and acclimate to this
oxygen-deficient environment. This adaptation often involves
the activation of specific genes, which serve to mitigate or
counteract the detrimental effects of hypoxia on cellular function
[65]. Research has demonstrated a notable link between hypoxia



and CD38 activity, though not necessarily CD38 expression,
across various cell types and disease conditions. As an example,
alterations in CD38 activity have been observed in connection
with hypoxic pulmonary vasoconstriction (HPV) [66]. Another
recent study showed inhibiting hypoxia and glycolysis impairs
B-acute lymphoblastic leukemia-initiating cells providing
a therapeutic benefit in xenotransplantation systems, these
findings provide a rationale for therapeutic targeting of hypoxia
in leukemia [67].

Conclusion.

The results obtained indicate there were no significant shifts
in the alterations of CD38 and CD157 under hypoxic settings.
This contrasts with hypoxia, which was found to stimulate
CD38 expression while simultaneously suppressing CD157.
The current study could provide valuable insights for future
investigations, particularly those exploring the regulatory
mechanisms of CD38 and its related gene, CD157, under
varying oxygen and pressure conditions. This knowledge may
be applicable to targeted therapies in diseases such as leukemia
or other conditions associated with CD38.

Acknowledgments.

The authors are grateful for the Iraqi Ministry of Higher
Education and Scientific Research of for their generous financial
support and the clinical staff at the DDRC for their help in
sampling. Thanks, is also in order for the School of Biomedical
and Biological Sciences at Plymouth University. The authors
express their thanks for of Dr. Hadil Al Hadi for his partial
supervision of this research.

REFERENCES

1. Malavasi F, Deaglio S, Ferrero E, et al. CD38 and CD157 as
receptors of the immune system: a bridge between innate and
adaptive immunity. Molecular medicine. 2006;12:334-41.

2. Deaglio S, Mehta K, Malavasi F. Human CD38: a (1)
evolutionary story of enzymes and receptors. Leukemia
research. 2001;25:1-2.

3. Deaglio S, Capobianco A, Bergui L, et al. CD38 is a signaling
molecule in B-cell chronic lymphocytic leukemia cells. Blood.
2003;102:2146-55.

4. Deaglio S, Dianzani U, Horenstein AL, et al. Human CD38
ligand. A 120-KDA protein predominantly expressed on
endothelial cells. Journal of immunology (Baltimore, Md.:
1950). 1996;156:727-734.

5. Malavasi F, Deaglio S, Funaro A, et al. Evolution and function
of the ADP ribosyl cyclase/CD38 gene family in physiology
and pathology. Physiological reviews. 2008;88:841-86.

6. Lee HC. Mechanisms of calcium signaling by cyclic ADP-
ribose and NAADP. Physiological reviews. 1997;77:1133-64.
7. Lee HC. Structure and enzymatic functions of human CD38.
Molecular medicine. 2006;12:317-23.

8. Prasad GS, McRee DE, Stura EA, et al. Crystal structure of
Aplysia ADP ribosyl cyclase, a homologue of the bifunctional
ectozyme CD38. Nature structural biology. 1996;3:957-964.

9. Kaisho T, Ishikawa J, Oritani K, et al. BST-1, a surface
molecule of bone marrow stromal cell lines that facilitates
pre-B-cell growth. Proceedings of the National Academy of

152

Sciences. 1994;91:5325-9.

10. Liu Q, Kriksunov 1A, Graeff R, et al. Crystal structure of
human CD38 extracellular domain. Structure. 2005;13:1331-9.
11. Nata K, Takamura T, Karasawa T, et al. Human gene
encoding CD38 (ADP-ribosyl cyclase/cyclic ADP-ribose
hydrolase): organization, nucleotide sequence and alternative
splicing. Gene. 1997;186:285-92.

12.QuaronaV, Zaccarello G, Chillemi A, etal. CD38 and CD157:
a long journey from activation markers to multifunctional
molecules. Cytometry Part B: Clinical Cytometry. 2013;84:207-
17.

13.Roark WH, Tinney FJ, Cohen D, etal. Synthesisand biological
activity of modified peptide inhibitors of angiotensin-converting
enzyme. Journal of medicinal chemistry. 1985;28:1291-5.

14. Ishihara K, Kobune Y, Okuyama Y, et al. Stage-specific
expression of mouse BST-1/BP-3 on the early B and T cell
progenitors prior to gene rearrangement of antigen receptor.
International immunology. 1996;8:1395-1404.

15. Funaro A, Ortolan E, Ferranti B, et al. CD157 is an
important mediator of neutrophil adhesion and migration.
Blood. 2004;104:4269-78.

16. Todd R3, Roach JA, Arnaout MA. The modulated expression
of Mo5, a human myelomonocytic plasma membrane antigen.
Blood. 1985;65:964-973.

17. Okuyama Y, Ishihara K, Kimura N, et al. Human BST-1
expressed on myeloid cells functions as a receptor molecule.
Biochemical and biophysical research communications.
1996;228:838-45.

18. Hernandez-Campo PM, Almeida J, Sanchez ML, et al.
Normal patterns of expression of glycosylphosphatidylinositol-
anchored proteins on different subsets of peripheral blood cells:
A frame of reference for the diagnosis of paroxysmal nocturnal
hemoglobinuria. Cytometry Part B: Clinical Cytometry: The
Journal of the International Society for Analytical Cytology.
2006;70:71-81.

19. Ortolan E, Tibaldi EV, Ferranti B, et al. CD157 plays a
pivotal role in neutrophil transendothelial migration. Blood.
2006;108:4214-22.

20. Ortolan E, Augeri S, Fissolo G, et al. CD157: From
immunoregulatory protein to potential therapeutic target.
Immunology Letters. 2019;205:59-64.

21. Bauvois B, Durant L, Laboureau J, et al. Upregulation of
CD38 gene expression in leukemic B cells by interferon types I
and II. Journal of interferon & cytokine research. 1999;19:1059-
66.

22. Deaglio S, Capobianco A, Bergui L, etal. CD38 is a signaling
molecule in B-cell chronic lymphocytic leukemia cells. Blood.
2003;102:2146-55.

23. Levesque MC, Chen Y, Beasley BE, et al. Chronic
lymphocytic leukemia cell CD38 expression and inducible
nitric oxide synthase expression are associated with serum IL-4
levels. Leukemia research. 2006;30:24-8.

24. Deshpande DA, Dogan S, Walseth TF, et al. Modulation of
calcium signaling by interleukin-13 in human airway smooth
muscle: role of CD38/cyclic adenosine diphosphate ribose
pathway. American journal of respiratory cell and molecular
biology. 2004;31:36-42.



25. Dogan S, Deshpande DA, Kannan MS, et al. Changes
in CD38 expression and ADP-ribosyl cyclase activity in
rat myometrium during pregnancy: influence of sex steroid
hormones. Biology of reproduction. 2004;71:97-103.

26. Kang BN, Jude JA, Panettieri Jr RA, et al. Glucocorticoid
regulation of CD38 expression in human airway smooth muscle
cells: role of dual specificity phosphatase 1. American Journal
of Physiology-Lung Cellular and Molecular Physiology.
2008;295:L186-93.

27. Kang BN, Tirumurugaan KG, Deshpande DA, et al.
Transcriptional regulation of CD38 expression by tumor
necrosis factor-o in human airway smooth muscle cells: role
of NF-kB and sensitivity to glucocorticoids. Faseb Journal.
2006;20.

28. Musso T, Deaglio S, Franco L, et al. CD38 expression
and functional activities are up-regulated by IFN-y on human
monocytes and monocytic cell lines. Journal of leukocyte
biology. 2001;69:605-612.

29. Iwata K, Ogata S, Okumura K, et al. Expression of CD38
in human promyelocytic leukemia HL-60 cell line during
differentiation by niacin-related compounds. Bioscience,
biotechnology, and biochemistry. 2003;67:1836-9.

30. Stoeckler JD, Stoeckler HA, Kouttab N, et al. lalpha,
25-Dihydroxyvitamin D3 modulates CD38 expression on
human lymphocytes. Journal of immunology (Baltimore, Md.:
1950). 1996;157:4908-17.

31. Drach J, Zhao SR, Malavasi F, et al. Rapid induction of
CD38 antigen on myeloid leukemia cells by all trans-retinoic
acid. Biochemical and biophysical research communications.
1993;195:545-50.

32. Al-Shabany AJ, Al-Abady ZN. NAD (+) Levels Are
Depleted in DMSO Differentiated Leukemia Cells. Research
journal of pharmaceutical biological and chemical sciences.
2018;9:411-8.

33. Al-Abady ZN, Al-Shabany AJ. Luteolin, a novel CD3
cycles inhibitor, is proposed regulator for modulation NAD-
mediated glycol sis activity. Research journal of pharmaceutical
biological and chemical sciences. 2018;9:486-95.

34. Al-Abady ZN, Durante B, Moody AlJ, et al. Large changes
in NAD levels associated with CD38 expression during HL-
60 cell differentiation. Biochemical and biophysical research
communications. 2013;442:51-5.

35. Al-Abady ZN, Jabbar NK, Alfarhani BF. The importance of
pharmacological modulation of the enzymatic activity of CD38
and intracellular NAD levels. In Journal of Physics: Conference
Series. 2019;1294:052073.

36. Pasquier D, Hoelscher T, Schmutz J, et al. Hyperbaric
oxygen therapy in the treatment of radio-induced lesions in
normal tissues: a literature review. Radiotherapy and Oncology.
2004;72:1-3.

37. Pitak-Arnnop P, Sader R, Dhanuthai K, et al. Management
of osteoradionecrosis of the jaws: an analysis of evidence.
European Journal of Surgical Oncology (EJSO). 2008;34:1123-
34.

38. Goldman RJ. Hyperbaric oxygen therapy for wound healing
and limb salvage: a systematic review. PM&R. 2009;1:471-89.
39. Tibbles PM, Edelsberg JS. Hyperbaric-oxygen therapy.
New England Journal of Medicine. 1996;334:1642-8.

153

40. Gill AA, Bell CN. Hyperbaric oxygen: its uses, mechanisms
of action and outcomes. Qjm. 2004;97:385-95.

41. Arnett TR, Gibbons DC, Utting JC, et al. Hypoxia is a major
stimulator of osteoclast formation and bone resorption. Journal
of cellular physiology. 2003;196:2-8.

42. Utting JC, Robins SP, Brandao-Burch A, et al. Hypoxia
inhibits the growth, differentiation and bone-forming capacity
of rat osteoblasts. Experimental cell research. 2006;312:1693-
702.

43. Muhonen A, Haaparanta M, Gronroos T, et al. Osteoblastic
activity and neoangiogenesis in distracted bone of irradiated
rabbit mandible with or without hyperbaric oxygen treatment.
International journal of oral and maxillofacial surgery.
2004;33:173-8.

44. Wu D, Malda J, Crawford R, et al. Effects of hyperbaric
oxygen on proliferation and differentiation of osteoblasts from
human alveolar bone. Connective tissue research. 2007;48:206-
13.

45. Hiraga T, Kizaka-Kondoh S, Hirota K, et al. Hypoxia and
hypoxia-inducible factor-1 expression enhance osteolytic bone
metastases of breast cancer. Cancer research. 2007;67:4157-63.
46. Kurowska-Stolarska M, Distler JH, Jiingel A, et al. Inhibitor
of DNA binding/differentiation 2 induced by hypoxia promotes
synovial fibroblast—dependent osteoclastogenesis. Arthritis
& Rheumatism: Official Journal of the American College of
Rheumatology. 2009;60:3663-75.

47. Gray DH, Hamblen DL. The effects of hyperoxia upon bone
in organ culture. Clinical Orthopaedics and Related Research®.
1976;119:225-230.

48.QuaronaV, Zaccarello G, Chillemi A, etal. CD38 and CD157:
a long journey from activation markers to multifunctional
molecules. Cytometry Part B: Clinical Cytometry. 2013;84:207-
17.

49. Malavasi F, Deaglio S, Funaro A, et al. Evolution and
function of the ADP ribosyl cyclase/CD38 gene family in
physiology and pathology. Physiological reviews. 2008;88:841-
86.

50. MclIntyre KM, Dixon PS, Krock LP, et al. The influence
of hyperbaric oxygenation on leukocyte viability and surface
protein expression. Aviation, space, and environmental
medicine. 1997;68:1129-33.

51. Al Hadi H, Smerdon GR, Fox SW. Hyperbaric oxygen
therapy accelerates osteoblast differentiation and promotes bone
formation. Journal of dentistry. 2015;43:382-8.

52. Jan A, Sandor GK, Brkovic BB, et al. Effect of hyperbaric
oxygen on demineralized bone matrix and biphasic calcium
phosphate bone substitutes. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology. 2010;109:59-
66.

53. Nilsson LP, Granstrom G, Rockert HO. Effects of dextrans,
heparin and hyperbaric oxygen on mandibular tissue damage
after osteotomy in an experimental system. International journal
of oral and maxillofacial surgery. 1987;16:77-89.

54. Granstrom G, Tjellstrom A, Branemark PI. Osseointegrated
implants in irradiated bone: a case-controlled study using
adjunctive hyperbaric oxygen therapy. Journal of oral and
maxillofacial surgery. 1999;57:493-9.



55. Migliorati CA, Siegel MA, Elting LS. Bisphosphonate-
associated osteonecrosis: a long-term complication of
bisphosphonate treatment. The lancet oncology. 2006;7:508-14.
56. Wu D, Malda J, Crawford R, et al. Effects of hyperbaric
oxygen on proliferation and differentiation of osteoblasts from
human alveolar bone. Connective tissue research. 2007;48:206-
13.

57. Tuncay OC, Ho D, Barker MK. Oxygen tension
regulates osteoblast function. Am J Orthod Dentofac Orthop.
1994;105:457-463.

58. Utting JC, Robins SP, Brandao-Burch A, et al. Hypoxia
inhibits the growth, differentiation and bone-forming capacity
of rat osteoblasts. Experimental cell research. 2006;312:1693-
702.

59. Salim A, Nacamuli RP, Morgan EF, et al. Transient changes
in oxygen tension inhibit osteogenic differentiation and Runx2
expression in osteoblasts. Journal of Biological Chemistry.
2004;279:40007-16.

60. Ganguly BJ, Tonomura N, Benson RM, et al. Hyperbaric
oxygen enhances apoptosis in hematopoietic cells. Apoptosis.
2002;7:499-510.

154

61. Henk JM, Kunkler PB, Smith CW. Radiotherapy and
hyperbaric oxygen in head and neck cancer: final report of first
controlled clinical trial. The Lancet. 1977;310:101-3.

62. Watson ER, Hainan KE, Dische S, et al. Hyperbaric oxygen
and radiotherapy: a Medical Research Council trial in carcinoma
of the cervix. The British Journal of Radiology. 1978;51:879-87.
63. Han YH, Xia L, Song LP, et al. Comparative proteomic
analysis of hypoxia-treated and untreated human leukemic
U937 cells. Proteomics. 2006;6:3262-74.

64. Harris AL. Hypoxia—a key regulatory factor in tumour
growth. Nature reviews cancer. 2002;2:38-47.

65. Yun JK, McCormick TS, Judware R, et al. Cellular adaptive
responses to low oxygen tension: apoptosis and resistance.
Neurochemical research. 1997;22:517-21.

66. HL W. ADP-ribosyl cyclase and cyclic ADP-ribose
hydrolase act as a redox sensor. J Biol Chem. 2001;276:11180-8.
67. Morris V, Wang D, Li Z, et al. Hypoxic, glycolytic
metabolism is a vulnerability of B-acute lymphoblastic
leukemia-initiating cells. Cell reports. 2022;39.

68. Warburg O. On the origin of cancer cells. Science.
1956;123:309-14.



	Title

