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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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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
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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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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-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
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articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
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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
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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
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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.

Aplastic anemia (AA) and paroxysmal nocturnal
hemoglobinuria (PNH) are rare clonal bone marrow disorders.
AA is characterized by autoimmune destruction of bone marrow
stem cells and pancytopenia. In PNH, acquired genetic mutation
and impaired glycoprotein synthesis leads to hemolysis and
thrombus formation. The combination of both diseases represents
a diagnostic and therapeutic dilemma, since increasing evidence
suggests the connection between autoimmunity in AA clonal
expansion of PNH.

The purpose of this publication is to illustrate the pathogenetic
relationship between AA and PNH by review of available
literature regarding the mechanisms of immune-mediated
destruction of bone marrow and clonal expansion in combination
of these hematological pathologies. A clinical case is presented
as an example of this phenomenon.

Key words. Aplastic anemia, paroxysmal nocturnal
hemoglobinuria, clonal expansion, eculizumab,
immunosuppressive therapy.

Introduction.

Aplastic anemia (AA) and paroxysmal nocturnal

hemoglobinuria (PNH) are rare bone marrow disorders with
known pathogenesis. AA is characterized by immune-mediated
destruction and suppression of hematopoietic stem cells with
the development of bone marrow aplasia and pancytopenia
[1,2]. In PNH, somatic mutations in the PIGA gene leads to
complement-mediated hemolysis due to the absence of the
glycosylphosphatidylinositol (GPI)-anchored surface proteins
CD55 and CD59, which functions are to protect blood cells
from lysis. Increasing evidence suggests a continuum between
these hematopoietic disorders, especially in the context of
immune selection and clonal evolution [3]. In AA, long-term
bone marrow suppression provide a selective advantage for the
expansion of PNH clones that are partially resistant to immune-
mediated attack [4].

Aplastic anemia is a bone marrow disorder characterized
by immune destruction of hematopoietic stem cells. Possible
triggers may include chronic viral infections such as hepatitis
B and C, parvovirus, Epstein-Barr virus and HIV, radiation,
hereditary syndromes (Fanconi anemia), some toxins and drugs
[5]. Immune T-cell destruction of hematopoietic stem cells is
caused by CD8+ cells. T- cells form HLA-1 with antigens on
the surface of hematopoietic stem cells and produce T-cell-
mediated cytokines — TNF - alpha and interferon gamma.
Interferon activates FAS/FAS l-induced apoptosis in HSCs
via the release of procaspases 8 and 9 from mitochondria. As
a result, the bone marrow becomes hypocellular due to the
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destruction of progenitor cells. In addition, myelodysplastic
syndrome can often transform into AA [6]. Moreover, due to the
destruction of HSCs, clones with genetic abnormalities that are
resistant to immune attack often increase in hypocellular bone
marrow — such as clones with the PIGA mutation in PNH [7].

Paroxysmal nocturnal hemoglobinuria is an intravascular
hemolytic disorder caused by an acquired mutation in gene on
the X chromosome called the PIGA gene. This gene is required
for the production of GPI-anchored protein that anchors
CD55 and CD 59 to the surface of red blood cells, platelets,
granulocytes and monocytes, and protects these cells from
complement-activated destruction [8,9]. CD 55 inhibits C3-
convertase and CD 59 blocks the membrane attack complex
(MAC, C5B-9). The PIGA gene mutation occurs at the level
of hematopoietic stem cells in the bone marrow. As a result,
blood cells arising from the defective clones are destroyed by
complement-mediated immune attack, leading to intravascular
hemolysis. This process is further intensified at night, when,
physiologically, respiratory rate decreases and the CO2 level
in the blood increases, causing mild respiratory acidosis. This
stimulates complement activity and intravascular hemolysis
develops.

Destroyed red blood cells release hemoglobin, some of
which is filtered in the glomeruli of the kidneys and excreted
in urine. PNH is a highly prothrombotic condition that
stimulates thrombosis, especially in atypical vessels [10]. The
pathophysiology involves complement-stimulated platelet
activation and release of procoagulant substances, as well as
direct injury to the endothelium by C3a and C5b-9. Released
hemoglobin also promotes thrombosis by binding to nitric oxide
(NO) [11,12]. NO is necessary for vasodilation and inhibition of
platelet aggregation. As a result, vessels constrict and platelets
aggregate, which further promotes thrombus formation.
Endothelial injury promotes a procoagulant state by releasing
tissue plasminogen factor (factor 7) and stimulating the extrinsic
cascade pathway.

A close relationship between aplastic anemia and PNH is
known [13,14]. In a large cohort study conducted by Fattizzo
Bruno. et al. (2021), a PNH clone greater than 0.01% on
granulocytes was detected in 774 people with AA, which
accounted for 25% of the cohort [15]. Moreover, PNH-positive
patients were noticeably younger and demonstrated more severe
anemia with a median hemoglobin level of 100 g/ L (range 40-
170) compared to PNH-negative patients, whose hemoglobin
level was 105 g / L (80-198). Patients with an increased PNH
clone were found to have a lower platelet count with a median
of 72 x 10°/ L (1-360) and a higher frequency of pancytopenia.
In addition, elevated LDH levels were found in PNH-positive
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AA patients with a median of 245 U/L (70-4614) versus 212
U/L (92—-1520) in PNH-negative patients. Despite heterogeneity
in primary diagnoses, patients with PNH clones at baseline were
more likely to receive active treatment (78% vs. 60%) and red
blood cell transfusions (76% vs. 63%). Eculizumab therapy was
initiated in 133 PNH-positive AA patients.

In another study of 81 patients with AA, 58% (n=47) had
PNH clones ranging from 0.01% to 97.9% [16]. Small clones
of less than 1% were detected in 10% of individuals, while
half of the cohort demonstrated clonal expansion greater than
10%. Eighteen patients initially had PNH-positive clones (range
0.1%-95.9%), and 5 remained persistently clone-negative
throughout the follow-up period.

The coexistence of AA and PNH can be explained by clonal
expansion in the aplastic bone marrow microenvironment.
PNH clones in AA can exhibit variable dynamics over time,
remaining stable, shrinking, or expanding with the development
of clinical PNH, especially in patients with inadequate response
to immunosuppressive therapy [17]. A hallmark of these clones
is a deficiency of glycophosphatidylinositol (GPI) anchors
resulting from somatic loss-of-function mutations in the
X-linked PIGA gene [18]. This defect renders hematopoietic
stem cells (HSCs) less susceptible to immune- mediated
destruction. Typically, GPI-anchored molecules present lipid
antigens via CD1d, a member of the CD1 glycoprotein family
on antigen-presenting cells, to T cells. In GPI-deficient clones,
the absence of this structure impairs interactions with cytotoxic
T lymphocytes (via TCR) and natural killer (NK) cells (via
NKG2D), providing a survival advantage in the autoimmune
bone marrow environment observed in aplastic anemia [19].
Furthermore, CD1d-restricted CD8+ T cells specific for GPI
have been shown to be expanded in PNH, suggesting that GPI
may act as an autoantigen and play a role in the development
of bone marrow failure [20,21]. Over time, PIGA-mutated
clones may accumulate additional genetic alterations that
enhance their proliferative capacity and contribute to disease
progression [22]. A cohort study conducted by Chen M. [23]
demonstrated that in patients with severe AA who responded to
immunosuppressive therapy (IST), the proportion of activated
CD8+ T cells decreased 6 months after treatment, which was
accompanied by a simultanecous decrease in the Thl/Th2
ratio. Recent studies have shown that the remission rate in
patients with AA treated with antithymocyte globulin (ATG)
in combination with cyclosporine reaches approximately 60%—
70% (24). In 102 patients with AA, a higher remission rate was
observed among patients with PNH clones, especially those
whose clones appeared after IST. Among patients with PNH
clones before treatment, the remission rate was 68%, which was
higher than that in PNH-negative patients (56%), although the
difference did not reach statistical significance, probably due
to sample size limitations. This requires further verification
in larger cohort studies. At 12 months after ATG therapy,
patients with PNH clones had an earlier increase in hemoglobin
and decrease in reticulocyte levels compared with patients
without PNH clones. However, platelet recovery did not show
significant differences between groups, possibly due to slower
platelet recovery and the limited number of patients studied at
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later time points. With regard to immune reconstitution, patients
with PNH clones showed a decrease in activated CD8" T cells
at 6 and 12 months post-ATG, as well as a decrease in the Th1/
Th2 ratio at 12 months, both trends occurring earlier than in
the PNH-negative cohort. These results were consistent with
clinical response patterns and suggest that AA patients with
PNH clones may experience more rapid immune reconstitution,
contributing to improved early therapeutic outcomes.

As shown in Figure 1, hematopoietic stem cells with PIGA
mutations lack GPI- anchored protein, which disrupts the
formation of HLA-1 bonds by T cells and reduces autoimmune
attack. Consequently, PNH clones expand and fill the aplastic
bone marrow, which leads to clonal expansion.

Case presentation.

Thepatient, S., 59 years old, presented to emergency department
of the Multidisciplinary City Hospital 1, on November 20, 2021,
complaining of dark urine and general weakness.

A complete blood count revealed anemia (hemoglobin - 83
g/l), thrombocytopenia (platelets 67 % 10%1), reticulocytosis
(reticulocytes 54%). Further tests showed an elevated lactate
dehydrogenase level (LDH - 1388.5 U/l), and a decreased
haptoglobin level (0.02 g/1).

Bone marrow biopsy (11/22/2021): bone marrow is
normocellular with erythroid hyperplasia (48.4%), preserved
megakaryocyte morphology and a low number of blasts (0.8%),
without signs of dysplasia.

The trepanobiopsy specimen: increased cellularity (~60-65%)
with erythroid islets, mild granulocytic hypoplasia, and scattered
megakaryocytes, some with hypolobulated nuclei.

Results.

The pathomorphological picture of the bone marrow specimen
has a number of features in favor of a hemolytic scenario for the
pathogenesis of paroxysmal nocturnal hemoglobinuria.

Flow cytometry for PNH (11/24/2021) revealed a PNH clone:
94.07% on erythrocytes (CD59 type II - 92.71%, CD59 type 111
- 1.36%); 97.86% on granulocytes (FLAER-/CD24-); 97.74%
on monocytes (FLAER-/CD14-) - a trilineage PNH clone.

Due to the lack of eculizumab, the patient received weekly
red blood cell transfusions for 5 months (from November 2021
to April 2022) with development of transfusion dependence.
On April 2022, due to persistent hemolysis and severe
thrombocytopenia, the patient was started on eculizumab
therapy at 900 mg weekly. After the first infusion, a subjective
improvement in general well-being was noted.

The LDH level decreased from 1388 U to 255 U/l, reticulocytes
from 54 to 2%.. However, thrombocytopenia persisted (34 x
10°/1). Maintenance therapy with eculizumab continued at 600
mg/week.

On the repeat trepanobiopsy (05/25/2022): bone marrow is
hypocellular with reduced granulocytic proliferation and focal
erythroid hyperplasia, demonstrating mild dyserythropoiesis.
Megakaryocytes are absent. In the bone marrow stroma there
are areas of hemorrhage and scattered lymphoplasmacytic
infiltration (Figure 2).

Cytogenetic analysis and FISH analysis: low mitotic activity
and no evidence of chromosomal abnormalities, including



Aplastic anemia

Paroxysmal nocturnal hemoglobinuria in aplastic anemia

No HLA-1 formation

1

No autoimmune attack

DDA}

Stem cell PIGA mutation and abcence of GPl-anchored protein

PNH clones expansion in aplastic bone marrow

Figure 1. Immune escape of PNH clones in aplastic anemia.

Figure 2. Trenanobiopsy specimen No. 38275. Aplastic bone marrow. Hematoxylin and eosin staining. Magnification10x0.25.

del(7q), +20q or 5q—.

Repeat flow cytometry: granulocytes FLAER—/CD24- —
86.28%, monocytes FLAER—/CD14 — 86.5%, erythrocytes
with partial deficiency of CD59 (type 1I) — 45.7% and complete
absence of CD59 (type I1I) — 2.73%.

Based on a combination of clinical, morphological and
cytometric data, the following clinical course was established
as transition from Paroxysmal nocturnal hemoglobinuria to
Idiopathic aplastic anemia Paroxysmal nocturnal hemoglobinuria
overlap (AA/PNH).
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From June 2022 to September 2022, the patient continued to
receive eculizumab therapy and platelet concentrate transfusions.
In September 2022, the patient was hospitalized in National
Scientific Oncology Center (NSOC) in Astana for further
examination and selection of appropriate immunosuppressive
therapy. Given the lack of an appropriate allogeneic donor, the
patient was prescribed combination immunosuppressive therapy
(IST). The indication for IST was a combination of bone marrow
hypocellularity with trilineage cytopenias confirming AA and
ongoing intravascular hemolysis with a high-percentage PNH



clone, indicating PNH syndrome. Cyclosporine A (400 mg/
day), ATG, and eltrombopag were added to eculizumab.

As a result of combined IST (May 2023), hematological
parameters improved: hemoglobin 101 g/l, erythrocytes 3.01 x
10'%/1, leukocytes 3.7 x 10%/1, platelets 59 x 10%/1. Reticulocytosis
remained at 35%o (See Figure 3).

As can be seen from Figure 3, after the start of therapy with
eculizumab and IST, the levels of hemoglobin increased over
time as well as start of Eltrombopag increased platelets count,
while the concentration of LDH and reticulocytosis decreased
significantly.

Repeat flow cytometry data (12.05.2023): Red blood cell
subpopulations 19.65% of red blood cells with CD59 type
IT deficiency and 6.52% of red blood cells with CD59 type
IIT deficiency. Granulocytes with GPI deficiency (FLAER—/
CD24-/CD15+) accounted for 40.4%, and monocytes
(FLAER—-/CD14—/CD64+) — 37.27% (Figure 4).

As can be seen from Figure 3, after the start of therapy
with eculizumab and IST, the percentage of PNH clone on
erythrocytes began to decrease and after a year amounted to
19.65%.

The patient currently continues maintenance therapy with
eculizumab, cyclosporine A and eltrombopag without blood
transfusions.

Blood work (05/19/2025): Hb 112 g, RBC 3.8 x1012/1,
MCH- 27 pg, WBC- 4.3x109/1, eosinophils-1%, basophils -1%,
monocytes -3%, lymph -50%, platelets 119x109/1.

Discussion.

As follows from this clinical observation, patient was admitted
to the hematology department of Multidisciplinary City
Hospital No. 1 with obvious signs of intravascular hemolysis
and thrombocytopenia, as a result of which she underwent a
bone marrow biopsy to exclude bone marrow pathology and
flow cytometry to identify a PNH clone. A large PNH clone
was detected on the surface of erythrocytes, granulocytes and
monocytes. The absence of PNH clone in megakaryocytic
cells, despite persistent thrombocytopenia, may indicate bone
marrow failure syndrome, and not immune- mediated platelet
destruction or complement-mediated lysis. For 5 months (from
November to April 2022), the patient received only blood
transfusion therapy (erythrocyte mass and platelet concentrate)
due to the lack of eculizumab. Due to the development of
transfusion dependence, eculizumab therapy was started in April
2023, which significantly reduced intravascular hemolysis, as
evidenced by an increase in hemoglobin levels, a decrease in
reticulocytes, bilirubin, LDH and an increase in haptoglobin,
as well as the elimination of transfusion dependence. However,
the lack of platelet recovery despite therapy revealed a gap
between hemolytic control and hematopoiesis recovery. This
prompted further research to exclude hematopoietic depression,
which revealed progressive bone marrow hypocellularity,
suggesting the evolution of aplastic anemia as a major factor in
thrombocytopenia. Thus, the authors of several studies note that
the expansion of the PNH clone in AA may reflect immune escape
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Figure 3. Dynamics of laboratory parameters before and during therapy with eculizumab and IST (cyclosporine A + ATG + eltrombopag).

99



:l —e— PNH Clone on RBCs (%)
100 ! —=— PNH Clone on Granulocytes (%)
! —&— PNH Clone on Monocytes (%)
80 | j

£ :

o] 60 L

~

o

c

S 4o}
i

20 |
]
I
]
I
0 1 1 Il 1 1 1 L 1
o> ot ort ort Ui ort ort or? or? P>
g i > oL L AT i 4T > T g -
W w© @ e ¥ ce® W N we we
Date

Figure 4. Dynamics of the PNH clones on erythrocytes, granulocytes and monocytes of the peripheral blood before and after combination therapy

with eculizumab and IST (cyclosporine A + ATG + eltrombopag).

[24]. GPI-deficient hematopoietic stem cells (HSCs) due to
PIGA mutations are protected from T cell-mediated destruction
targeting normal progenitors, providing a selective advantage in
the hostile immune environment of the bone marrow. However,
this clonal dominance is not always permanent. In this patient.,
long-term therapy with eculizumab, cyclosporine A, ATG,
and eltrombopag resulted in a significant reduction in the PNH
clone (from 94.06% on RBCs in November 2021 to 19.65% in
2023), implying a partial restoration of immune tolerance and
regeneration of normal HSCs. This observation is consistent
with the literature showing that a decrease in immune pressure
allows polyclonal hematopoiesis to re-establish dominance
by displacing PNH-positive progenitors over time [25]. The
occurrence of a high burden PNH clone in the absence of
chromosomal abnormalities such as del(7q), 5q-, or +8 further
supports the immune escape model rather than malignant clonal
expansion, although larger PNH clones are often associated
with clinical hemolysis. The persistent thrombocytopenia in
patient S cannot be explained by PNH pathophysiology alone.
This underscores the importance of detailed flow cytometric
analysis when assessing cytopenias in patients with PNH.

It should be noted that our clinical case demonstrates the AA/
PNH coexistence not as a static pathological condition, but as a
consequence of the dynamics of the pathological process. The
balance between clonal expansion and immune suppression
may be determined by the disease phenotype and therapeutic
response to specialized treatment. Although complement
inhibition addresses the problem of intravascular hemolysis, it
does not target the underlying bone marrow dysfunction, which
may justify the need for a comprehensive treatment strategy,
including immunosuppression in selected patients. The addition
of eltrombopag in our patient likely facilitated the restoration
of megakaryocytic lineage, which is consistent with studies
that support its use in AA/PNH overlap to promote a trilineage
response [26].
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In summary, this case illustrates the diagnostic and therapeutic
challenges of AA and PNH coexistence. It highlights the need
for flow cytometry for bone marrow evaluation, particularly
in cases where unexplained cytopenias persist despite
targeted therapy. The reduction in PNH clone load after
immunosuppression not only provides prognostic insight but
also confirms the immunologic basis of the disease in many
patients with coexisting syndromes.

Conclusion.

This publication highlights the complex interaction between
aplastic anemia (AA) and paroxysmal nocturnal hemoglobinuria
(PNH), two rare but related hematological disorders that share
immune-mediated pathogenesis and clonal evolution.A review
of the literature confirms that immune escape of GPI-deficient
clones in the setting of T-cell-mediated bone marrow suppression
plays a crucial role in the development of PNH in AA patients.
Immunosuppressive therapy not only improves hematological
parameters in AA, but can also influence the dynamics of PNH
clones by modulating immune pressure. The presented clinical
case illustrates this continuum, demonstrating how eculizumab
effectively eliminates complement-mediated hemolysis, while
immunosuppressive therapy with cyclosporine A, ATG and
eltrombopag promotes hematopoiesis restoration and reduces
the PNH clonal load.
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Ethical approval was not required for this publication and
presentation of the clinical case, as all procedures performed
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this publication. A copy of the written consent is available for
review by the journal editor upon request.
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