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2.05), CD11b (healthy 29.4%; patients 44.06% – 5.7), CD14 
(healthy 26%; patients 22.16% – 3.7), CD16 (healthy 14%; 
patients 9.9% – 1.7), CD18 (healthy 14.9%; patients 16.6% 
– 1.9), CD38 (healthy 44%; patients 50.8% – 2.6), CD43 
(healthy 90.8%; patients 92.9% – 6.2) (Fig. 2B) Both healthy- 
and osteopetrotic-iHPCs (purity �94% after CD34+ selec-
tion) formed granulocyte/macrophage (CFU-M, CFU-G, and 
CFU-GM), and rare mixed (CFU-GEMM) colonies (Fig. 2C). 
BFU-E colonies were formed only by healthy-iHSCs whereas 
osteopetrotic-iHPCs showed a 3-fold increase in macrophage 
colony-forming ability (CFU-M). Flow cytometry analysis 
of hematopoietic colonies revealed a distinct hematopoi-
etic differentiation potential of osteopetrotic iHPCs shifting 
toward monocyte-macrophage lineage [CD14 (healthy 
32.6%; patient 50.9�–�3.5%), CD16 (healthy 20.6%; patient 
36.7�–�5.9%), CD18 (healthy 7.8%; patient 35.03�–�3.6%), 
CD33 (healthy 81.9%; patient 84.2�–�7.4%), CD36 (healthy 
81%; patient 69.13� –� 3.9%), CD41 (healthy 7.9%; patient 
23.03�–�5.1%) (Fig. 2D). Multipotent hematopoietic progen-
itors were further differentiated into myeloid precursors by 
culturing with erythropoietin and thrombopoietin containing 
differentiation medium for another 4 days (Fig. 2F). Myeloid-
enriched progenitor cells (CD34+CD43+CD45+) was declined 
from 90.1�–�5.1% to 52.6�–�8.9% following differentiation 
and expansion and those of expressing monocyte-macrophage 
lineage-speci�c markers were increased more signi�cantly by 
day 14 [(CD11b from 44� –� 3.3% to 60.4� –� 4.5%), CD14 
(from 22.2�–�3.7% to 52.9�–�0.4%), CD16 (from 9.9�–�1% to 
55.9�–�1.7%), CD18 (from 16.6�–�2% to 46.8�–�4.2%)} (Fig. 
2E) for patient iHPCs (P < .05). Also, monocyte-macrophage 
lineage-speci�c markers expression of patient iHPCs-derived 
myeloid cells were signi�cant higher comparing to healthy 
myeloid cells [CD11b (healthy 42.9; patient 60.4�–�4.5), CD14 

(healthy 38.2; patient 52.9�–�0.4), CD16 (healthy 27.2; patient 
55.9�–�1), CD18 (healthy 25.2; patient 46.8�–�4.2), P < .05].

Osteopetrotic iPSC-derived Myelomonocytic 
Precursors Generate Dysfunctional Osteoclasts
We next investigated whether myelomonocytic precursors 
derived from osteopetrotic iPSCs had the potential to dif-
ferentiate further into mature osteoclasts. iPSC-derived 
myelomonocytic precursors were seeded onto multiple-well 
plates coated with a synthetic inorganic bone mimetic and 
cultured in the presence of M-CSF and RANKL, which are 
essential cytokines for osteoclasts differentiation and survival. 
Change in cell morphology and size was observed throughout 
the culture and multinucleated cells were formed at the end 
of the differentiation period (Fig. 3A). Osteopetrotic-iPSC-
derived multinucleated osteoclasts were phenotypically 
similar to healthy osteoclasts and demonstrated similar ex-
pressions of CD14 (healthy 98.3%, patient 99.1� –� 0.3%), 
CD16 (healthy 98.2%, patient 88.3�–�3.7%), CD18 (healthy 
96.6%; patient 99.5�–�0.5%), CD51/61 (healthy 100%; pa-
tient 78.8� –� 7.6%), which are speci�c surface markers for 
osteoclast precursors (Fig. 3B). The identity and function-
ality of differentiated osteoclasts were con�rmed by the pres-
ence of TRAP activity and secretion of a cysteine protease 
Cathepsin K, enzymes highly expressed in mature osteoclasts. 
We further examined the formation of F-actin rings which 
are speci�c cytoskeletal structures of resorbing active osteo-
clasts (Fig. 3C). TRAP-positive osteopetrotic-osteoclasts had 
weak actin ring formation and decreased Cathepsin K secre-
tion compared with healthy osteoclasts. The electron micro-
scope images indicated a difference between the podosome 
sizes of osteopetrotic and healthy multinucleated osteoclasts 
(Fig. 3C). There was a signi�cant reduction in the expression 

Figure 1. Characterization of established iPSC lines derived from patient and healthy control peripheral blood erythroid precursors. (A) 
Immuno�uorescence and ALP staining of 3 different clones of each of the selected iPSCs lines. (B) Flow cytometry analysis with pluripotency markers; 
OCT4, SSEA4, and erythroid progenitor cell surface markers, CD36 and CD235a after reprogramming. (C) Veri�cation of persistence of 3 different 
TCIRG1 mutations in osteopetrotic iPSCs. (D) Immunostaining of spontaneously differentiated iPSCs-derived embryonic bodies with lineage-speci�c 
markers; MAP2 (ectoderm), �-SMA (mesoderm), SOX17 (endoderm).
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