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MMMYHOJION'MYECKUE MAPKEPbBI MPU OCJIOXXHEHUAX

SHAOMPOTE3SNPOBAHUA CYCTABOB
MockaJiaer O.B.

I'BY3 MO «Mockosckuii 0041acmHoil HAY4HO-UCCAC008AMENbCKUT KAUHUMECKUT UHCIMUMYM UMEeHU
M.D. Bradumupckoeo», Mockea, Poccus

Pesiome. [Tepunpore3nas nH(EKILUS CYCTaBOB A0 CUX IMTOP OCTAETCS CIOXKHONM KIIMHUYECKOI ITPOOJIEMOIA,
MOCKOJIbKY TOYHOE OTIpeieJICHIE 3TOT0 COCTOSIHUS U HaIeXKHBIE JITAOOpaTOpHBIC MapKephl ITOKA OTCYTCTBYIOT.
JaHHOe HccienoBaHue ObLJIO HAIIPaBJICHO Ha OLICHKY MH(POPMATUBHOCTHU OIIPeaeIeHUS HEKOTOPBIX CyOIT0-
Oy TUMMOOILIMTOB U MOHOIIUTOB Y TTAlIMEHTOB C MEPUNIPOTE3HON MH(EKIIMEel CyCTaBOB Y HEMHMEKIIM -
OHHBIMHU OCJIOXKHEHUSIMU SHIONPOTE3UpPOBaHUsI. B maHHOe MccienoBaHue ObUTO BKIIOYEHO 34 mamueHTa C
XPOHUYECKOI MepUIIpoTe3HON nHdpeKIueit, 12 — ¢ HemH(pEeKIIMOHHBIMU OCJIOXKHEeHUSIMU 1 30 TIpaKTUYeCKU
3nopoBbix inl. Komnyecrso CD3*, CD3*CD4*, CD3*CD8*, CD19*, CD3-CD16"CD56", CD3*HLA-DR",
CD4*CD45RA CD45RO", CD4"CD45RA*CD45R0O- u CD14*HLA-DR" cyononynsiuuit nuM@onIuToB 1
MOHOIIMTOB B MepUdEprISCKOil KPOBU OTIPEAC/ISIIM METOIOM IIPOTOYHOM IUTOMEeTpUU. OIIEHKY 3KCIIpec-
CUM MeMOpaHHBIX aHTUTEHOB MPOBOIMJIM T10 CPEeIHEH MHTEHCUBHOCTH (DIIyOpeCICHIINM. Y MAaIlMEHTOB C TIe-
PUITPOTE3HOM MH(EKIIME CYCTaBOB OBLIO BBISIBJICHO TOCTOBEpPHOE yBeandeHue cyoromyasaiuiit CD3*CD4*
(p <0,01) u mocroBepHoe cHkeHue cyonorysiiuii CD3-CD167CD56" (p < 0,005) npu cpaBHEHUIO ¢ KOH-
TposbHOI rpynmoii. Comepxkanue CD19" nuMbOIMTOB y 3TUX 00JBHBIX OBLIO TOCTOBEPHO BHIIIE, YEM Y JIUILL
¢ HeMH(MEKIIMOHHBIMHU ocJioxkHeHUsIMU (p < 0,005), TocaeaHsIs TpyIiia TakKe XxapaKTepru3oBajiach 00Jiee BbI-
COKUM cofaepKkaHueM akTuBupoBaHHBIX T-1uMdbonutoB (CD3*HLA-DR™) 1o cpaBHeHHMIO ¢ KOHTPOJIbHOM
(p <0,001). KomuuectBo «HauBHBIX» T-muMporntoB (CD4*"CD45RA*CD45R0O") 66110 HIKE Y OOJIBHBIX C
MEePUIIPOTE3HON MH(pEKIMUEN CYyCTaBOB, YeM y OOJIbHBIX ¢ HEMH(EeKIIMOHHBIMU ociioxkHeHusMu (p < 0,05),
M B 00eUX IpyMITax 3TOT MOKa3aTeab ObLI JOCTOBEPHO HIKE, YeM B KOHTposabHOI (p < 0,001). ConmepxkaHue
T-xnerok mamsatu (CD4*CD45RA-CD45R0O"), HanpoTHB, OBLJIO TOCTOBEPHO MOBBIIICHO B 00EUX CpaBHU-
BaeMbIX Tpyriax (p < 0,05). B rpymre 60abHBIX C IEPUTIPOTE3HON MHMEKIINEe CyCTaBOB KOJIMUYECTBO aKTH-
BupoBaHHBIX MOHOIIUTOB (CD14"HLA-DR™), a TakxKe mokasaTelib 9KCITPECCUM JaHHOTO aKTUBALIMOHHOTO
MapKepa ObLIU CYIIECTBEHHO HIKE, YeM B IBYX oCTabHBIX Ipyriiax (p < 0,05 u p < 0,001 cooTBETCTBEHHO).
Taxum oOpa3oMm, OLIEHKY CYOITOIYJISIIUA JTUM@POLIUTOB 1 MOHOILIMTOB NepudepruiecKoil KpoBU, B TOM YHCIIe
M3YyYCHHE MHTCHCUBHOCTH 3KCIIPECCUM aKTUBAIIMOHHBIX MapKepoB, MOXKHO, BMECTE C IPYTUMU OOILIETIpU-
HSTBIMU KJIMHUKO-JIA00PaTOPHBIMU TTOKa3aTeIsIMU, TOMOJIHUTEIbHO MCIIOJIB30BaTh IS TIPOBEACHUS TU(d-
(epeHIIMAILHOTIO AUAarHo3a MEXKIY MePpUITPOTE3HOM MHMEKIINEH CyCTaBOB U HEMH(MEKIIMOHHBIMU OCJIOXKHE-
HUSIMU 3HIOMPOTE3MPOBAHUS.
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AUMPOUUMbL, MOHOUUM
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IMMUNOLOGICAL MARKERS OF ARTHROPLASTY FAILURE
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M. Viadimirsky Moscow Regional Research Clinical Institute, Moscow, Russian Federation

Mockaney O.B.
Moskalets O.V.

Abstract. Periprosthetic joint infection still remains a clinical challenge since accurate definition of this
condition and reliable laboratory markers have not been established yet. This study aimed to evaluate the ben-
efit of some lymphocyte and monocyte subset determination in patients with periprosthetic joint infection
and non-infectious arthroplasty failure. Thirty-four patients with chronic periprosthetic joint infection, 12
patients with non-infectious arthroplasty and 30 healthy persons were included in the study. The counts of
CD3*, CD3*CD4*, CD3*CD8"*, CD19*, CD3-CD16"CD56*, CD3*HLA-DR*, CD4*CD45RA-CD45RO",
CD4+*CD45RA* CD45R0O and CD14" HLA-DR™ subsets in peripheral blood were assessed by flow cytometry.
The assessment of the intensity of antigen expression was carried out according to mean fluorescence intensity.
Assignificant increase in CD3*CD4* subsets (p < 0,01) and a significant decrease in CD3-CD16"CD56" subsets
(p < 0,005) were revealed in patients with periprosthetic joint infection compared to the healthy controls. The
content of CD19* lymphocytes in these patients was significantly higher than in aseptic ones (p < 0,005); the
latter group was also characterized by more pronounced increase in the number of activated T lymphocytes
(CD3*HLA-DR*) compared to controls (p < 0,001). Patients with periprosthetic joint infection showed de-
creased “nave” T lymphocytes (CD4"CD45RATCD45R0O") count compared to aseptic ones (p < 0,05), and
both groups showed a decrease counts compared to controls (p < 0,001). On the contrary, memory T lymphocyte
(CD4*CD45RACD45R0O") count was significantly increased in both compared groups (p < 0,05). Patients
with periprosthetic joint infection compared with other two groups demonstrated a significant decrease in the
number of activated monocytes (CD14"HLA-DR") and pronounced decrease in the expression intensity of
this marker on cell membrane (p < 0,05 and p < 0,001, respectively). Thus, evaluation of lymphocyte and
monocyte subsets, including expression of cell activation antigens could be useful as additional laboratory test
in combination with other conventional methods for differentiation between periprosthetic joint infection and
aseptic arthroplasty failure.

Keywords: joint arthroplasty, complications, periprosthetic joint infection, flow cytometry, lymphocytes, monocytes.

in patients with instability endoprosthesis or isolated
pain syndrome has so far been erroneously regarded
as aseptic cases. In routine practice, physicians face
challenges in diagnosis of PJI and its differentiation
from NIAEFE Biofilms, low-grade infection or culture-
negative microorganisms have been reported to
significantly reduce the sensitivity and specificity
of laboratory tests [5, 7, 13]. Underdiagnosing PJI
is followed by inappropriate treatment with severe
consequences.

Recently, several new serum and synovial fluid
biomarkers (a-definsine, calprotectin, interleukin-1,
interleukin-6, interleukin-17, leukocyte esterase, li-
pocalin, procalcitonin) were proposed to confirm PJI
[2, 3, 5, 7]. Despite promising data, many authors
note, that underlying immune disorders or other
inflammatory diseases, as well as co-morbidities, may
affect test results [1, 4, 10, 11]. The purpose of the
study was to evaluate the benefit of some lymphocyte
and monocyte subsets determination as well as
expression of cell activation antigens in patients with
PJI and NIAE

Introduction

Arthroplasty failure is a serios complication of
joint replacement surgery and may be caused by
periprosthetic joint infection (PJI) or non-infectious
factors. This condition often requires revision surgery
and implant replacement. PJI occurs in 1 to 3% of
patients after total joint arthroplasty and accounts
for 20% to 50% cases of implant failures [6, 9, 12]. A
combination of clinical signs, intraoperative findings
and pre- and intraoperative laboratory tests (periphe-
ral blood counts, serum inflammatory markers, sy-
novial fluid examination, microbiological culture,
tissue histology) is used for PJI diagnosis [8].

Non-infectious arthroplasty failure (NIAF) in-
cludes aseptic inflammation, implant instability, pe-
riprosthetic fracture, osteolysis/adverse tissue rea-
ction and other reasons and occurs in 50 to 80% of
arthroplasty failures [6, 9, 12]. As with arthroplasty
failure due to PJI, surgical intervention is usually
need to treat NIAF Though mechanical-related
failures are typically diagnosed by X-ray, there are no
perfect assays for non-mechanical failures that often
difficult to differentiate from PJI due to inflammatory

responses at affected areas [4].
The actual incidence of PJI may be significantly
higher, since a significant proportion of these cases

Materials and methods

Forty-six patients after total large joint repla-
cement were included in the study. According to
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International Consensus Criteria on PJI (2018) after
revision arthroplasties 34 patients were classified as
chronic PJI (19 males, 15 females, mean age 518
years) and 12 patients as NIAF (4 males, 8 females,
mean age 47X6 years), namely implant instability
or aseptic inflammation. Complications developed
4,4%2 .6 years after the main operation. Thirty healthy
persons (12 males, 18 females, mean age 43+ 11 years)
were recruited in control group. All patients signed
informed consent forms prior to being enrolled.

Standard laboratory evaluation was performed for
all patients: peripheral blood cell count, erythrocyte
sedimentation rate, C-reactive protein. Synovial
fluid and periprosthetic tissue samples obtained
intraoperatively were sent for microbiological and
histological examination. If there were any signs of
infection, a two-stage revision with the installation
of a cement spacer impregnated with antibiotics or
resection arthroplasty were performed. The counts
of CD3*, CD3"CD4", CD3*CD8*, CD19", CD3-
CD167CD56", CD3*HLA-DR*, CD4'CD45RA-
CD45RO*, CD4*CD45RA* CD45RO- and
CDI14*HLA-DR" subsets in peripheral blood were
assessed by flow cytometry (FACSCalibur, Becton
Diskinson, USA). The assessment of the intensity
of antigen expression was carried out according to
median fluorescence intensity (MFTI).

Statistical analysis was performed in Statistica
10.0 Software for Windows. Normally distributed

continuous data were shown as mean =+ standard
deviation (SD) and compared using Student’s t-test. A
p value < 0.05 was considered statistically significant.

Results and discussion

As shown in Table 1, a significant increase in
CD3*CD4" subsets (p < 0.01) and a significant de-
crease in CD3-CD16"CD56" subsets (p < 0,005) were
revealed in patients with PJI compared to the cont-
rols. The content of CD19* lymphocytes in patients
with chronic PJI was significantly higher than in
aseptic ones (p < 0.005); the latter group was also cha-
racterized by more pronounced increase in the nu-
mber of activated T lymphocytes (CD3*HLA-DRY)
(p < 0.001). Patients with PJR showed decreased
“naive” T lymphocytes (CD4*CD45RA*CD45R0O")
count compared to aseptic ones (p < 0.05), and both
groups showed a decrease counts compared to controls
(p < 0.001). On the contrary, memory T lymphocyte
(CD4*CD45RA CD45R0O") count was significantly
increased in both compared groups (p < 0.05).

Quite often, a violation of the functional activity of
monocytesis detected in critical conditions (sepsis and
other serios infections). Monocytes in healthy persons
express molecules of HLA-DR with high density and
easy determined by flow cytometry. Patients with
PJI compared with patients with NIAF and controls
showed not only a significant decrease in the number
of monocytes (CD14") expressing HLA-DR antigen

TABLE 1. LYMPHOCYTE AND MONOCYTE SUBSETS AND EXPRESSION OF CELL ACTIVATION ANTIGENS IN PATIENTS
WITH PERIPROSTHETIC JOINT INFECTION AND NON-INFECTIOUS ARTHROPLASTY FAILURE

Rate PJI NIAF Controls p

(n=34) (n=12) (n = 30)

CD3*, % 76.5£1.3 69.4+4.3 73.9+1.5

CD3*, abs 176045 16881112 1038147

CD3*CD4*, % 51.8+1.8 48.0£3.4 45.9+1.4 *<0.01

CD3*CD4*, abs 903+32 810157 64458 *<0.01

CD3*CD8*, % 25.3+2.8 24.4+3.9 30.7+3.6

CD3*CD8&8*, abs 445426 361149 425+9

CD19%, % 13.6+3.2 6.8+1.3 10.2+0.7 **< 0.005

CD19*, abs 466+110 248+32 14317 **< 0.005

CD3-CD16/56"*, % 9.1£1.6 16.8+4.3 15.4+1.2 *< 0.005

CD3-CD16/56*, abs 289453 409421 456119 *< 0.005

CD4*/CD8* 2.0+0.8 2.2+0.9 1.5+0.7

CD3*HLA-DR*, % 8.9+2.3 11.8+1.2 6.5£0.4 *< 0.001

CD4'/45R0O*45RA", % 40.416.1 44.7+4.4 14.649.2 *p < 0.001

CD4'/45RA*45R0", % 6.6+4.5 12.841.8 30.1+8.9 *:g : 8881

CD14*HLA-DR*, % 78.8+2.6 90.7+2.4 88.7+1.1 ***p <0.05

MFI CD14* HLA-DR* (units) 57.0+2.9 186.7+15.4 184.619.9 ***n < 0.001

Note. *, statistically significant differences with parameters of the control group; **, statistically significant differences with

parameters of the comparison groups.
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(p <0.05), but also more pronounced decrease in the
expression intensity of this marker according to the
MFI parameter (p < 0.001).

Conclusion

As already mentioned above, many serum and
synovial biomarkers may help differentiation of PJI
and NIAF but there remain cases that are clinically
challenging to classify. The profile of different cell
subpopulations during PJI and NIAF is still being
investigated [1, 4]. The data obtained demonstrated
a pronounced decrease in the number monocytes
expressing the HLA-DR antigen, as well as a decrease
in its density expression on the surface of monocytes
and T lymphocytes may indicate low functional
activity of these cells, especially antigen presentation
and regulation of intercellular interactions. The
present study showed that evaluation of lymphocyte

and monocyte subset and expression of cell activation
antigens could be useful, especially in combination
with conventional methods, for diagnosing of PJR
and differentiation between PJI and NIAF. New data
concerning host immune reactions during arthroplasty
failure may potentially identify cell subsets involved
in inflammation related to surgical procedures or
underlying inflammatory disorders. That may provide
insights into future diagnostic and possibly treatment
opportunities. The search for the most diagnostically
accurate combinations of clinical and laboratory
criteria should be continued.
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