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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 × 10⁹ / 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 simultaneous decrease in the Th1/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 

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.

The patient, 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 × 10⁹/l), reticulocytosis 
(reticulocytes 54%). Further tests showed an elevated lactate 
dehydrogenase level (LDH - 1388.5 U/l), and a decreased 
haptoglobin level (0.02 g/l).

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 III 
- 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 × 
10⁹/l). 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 
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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 II) — 45.7% and complete 
absence of CD59 (type III) — 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).

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 
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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 × 
10¹²/l, leukocytes 3.7 × 10⁹/l, platelets 59 × 10⁹/l. Reticulocytosis 
remained at 35‰ (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 
II deficiency and 6.52% of red blood cells with CD59 type 
III 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/l, 
MCH- 27 pg, WBC- 4.3x109/l, eosinophils-1%, basophils -1%, 
monocytes -3%, lymph -50%, platelets 119x109/l.

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 

Figure 3. Dynamics of laboratory parameters before and during therapy with eculizumab and IST (cyclosporine A + ATG + eltrombopag).
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[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].

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.
Ethical approval and consent to participate.

Ethical approval was not required for this publication and 
presentation of the clinical case, as all procedures performed 
were part of routine clinical practice. The study was conducted 
in accordance with the principles of the Declaration of Helsinki.
Informed consent.

Written informed consent was obtained from patient S. for 
this publication. A copy of the written consent is available for 
review by the journal editor upon request.

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).
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