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Abstract
Infantile hemangiomas are common vascular tumors with a specific natural history. 
The proliferation and regression mechanism of infantile hemangiomas may be related 
to the multilineage differentiation ability of hemangioma stem cells, but the specific 
mechanism is not well elucidated. KIAA1429 is an N6- methyladenosine methylation- 
related protein that can also exert its role in a methylation- independent manner. This 
study aims to explore the function of KIAA1429 in infantile hemangiomas. qRT- PCR, 
western blotting, and immunostaining were performed to verify the expression of 
KIAA1429. The endothelial and fibroblast- like phenotypes of hemangioma en-
dothelial cells were detected after KIAA1429 knockdown and overexpression. The 
stemness properties of hemangioma endothelial cells and the underlying mechanism 
of KIAA1429 in hemangiomas were also investigated. Nude mouse models of infan-
tile hemangiomas were conducted to ascertain the effects of KIAA1429 in vivo. The 
results showed that KIAA1429 was highly expressed in infantile hemangiomas, par-
ticularly in involuting hemangiomas. In vitro experiments confirmed that KIAA1429 in-
hibited the endothelial phenotype, enhanced the differentiation ability, and promoted 
the fibroblast- like phenotype of hemangioma endothelial cells by inducing endothe-
lial cell transition to facultative stem cells. However, the effect of KIAA1429 on the 
potential target was shown to be independent of N6- methyladenosine methylation 
modification. Mouse models further revealed that KIAA1429 could inhibit the prolif-
eration and promote the regression of hemangiomas. In conclusion, this study found 
that KIAA1429 played an important role in the regression of infantile hemangiomas 
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1  |  INTRODUC TION

Infantile hemangiomas are the most common vascular tumors in 
infants and can involve the skin, subcutaneous tissues, and even 
internal organs.1,2 The natural history of IHs is characterized by 
spontaneous regression. IHs often proliferate rapidly in the first few 
weeks of life until 3– 6 months, after which the growth rate slows.1,3 
Subsequently, IHs gradually enter a long involuting phase and usu-
ally complete their involution by 3 years of age or later.4 Ulceration, 
functional disorders, or disfigurement collapse may occur during the 
rapid proliferative phase, which requires timely intervention.5,6

The pathogenesis of IHs remains unclear. It has been established 
that an imbalance between angiogenic and antiangiogenic factors 
induced by hypoxia leads to IHs.1,7 In the proliferative phase, up-
regulated angiogenic factors result in the abnormal proliferation of 
HemECs, which form immature microvascular lumens. Subsequently, 
during the involuting phase, HemECs cease abnormal proliferation, 
and the lumens begin to expand and mature whereas an increas-
ing number of adipocytes appears. Finally, IHs enter the involuted 
phase, replacing the tumors with fibrofatty tissue. HemSCs are be-
lieved to guarantee this specific course.8 HemSCs mainly differen-
tiate into HemECs and pericytes during the proliferative phase, but 
they tend to differentiate into mesenchymal cells with adipogenic 
potential in the involuting phase.1 Interestingly, Yu et al. proved that 
some HemECs can also express stem cell marker CD133.9 Another 
study reported that GLUT1- positive (GLUT1+) HemECs exhibited 
features of facultative stem cells and have adipogenic potential, such 
as HemSCs.10 These findings suggest that the regression of IHs is 
not only dominated by HemSCs, but that HemECs may also play an 
important role.

As a common post- transcriptional modification, m6A RNA plays 
an important role in various tumors.11 Currently, research into the 
role of m6A modification in IHs is limited. KIAA1429, an RNA- binding 
protein belonging to the m6A ‘writers’ complex, is usually reported 
to be involved in tumor regulation in an m6A- dependent manner.12– 14 
However, some studies have reported that KIAA1429 also functions 
in an m6A- independent manner.15,16 To date, the expression and role 
of KIAA1429 in IHs have not been explored.

In this study, we verified the expression profile of m6A- related 
proteins in IHs using GEO DataSets and found high expression of 
KIAA1429 in IHs. This expression difference was further confirmed 
in IHs tissues and HemECs. In addition, we found that KIAA1429 
could promote IHs regression in vivo and in vitro, and that this effect 
was caused by inducing the transition of HemECs to facultative stem 
cells in an m6A- independent manner. The results of this study sug-
gest that KIAA1429 may be a potential therapeutic target for IHs.

2  |  MATERIAL S AND METHODS

2.1  |  Tissues collection and cell culture

IHs and normal skin tissue samples were obtained from the 
Department of Plastic Surgery, Shandong Provincial Hospital 
with the informed consent of guaranties and the approval of the 
Committee for Ethical Review of Research involving Human Subjects 
of Shandong Provincial Hospital (NSFC: no. 2021- 743). HemECs and 
HemSCs were isolated from IHs. In brief, IHs were digested with dia-
pase II (Sigma- Aldrich) and a mixture of collagenase I (Sigma- Aldrich) 
and DNase (Roche Diagnostics). CD31+ magnetic bead selection 
(Miltenyi Biotech) and CD133+ magnetic bead selection (Miltenyi 
Biotech) were used to isolated HemECs and HemSCs, respectively. 
The isolated HemECs and HemSCs were cultured in ECM (Sciencell) 
with 5% FBS (Sciencell) and 1% ECGS (Sciencell). The HUVEC cell 
line (CRL- 1730), HMEC- 1 cell line (CRL- 3243), and HFF- 1 cell line 
(SCRC- 1041) were obtained from Shanghai GeneChem.

Other materials and methods used in qRT- PCR, western blotting, 
IHC staining, IF staining, flow cytometry, cell transfection, CCK- 8 
assay, transwell assay, wound healing assay, tube formation assay, 
apoptosis assay, adipogenic differentiation assay, and Oil- Red- O 
staining, RIP, mRNA stability assay, and animal studies are described 
in Appendix S1. The primers used in this manuscript are listed in 
Table S1.

2.2  |  Statistics

The data were analyzed using SPSS 25.0 software and GraphPad 
Prism 8 software. Student's t test was performed to evaluate the 
differences between the two groups. Linear correlation analysis was 
used to assess the correlation between IHC scores of KIAA1429 
and patient age. *p<0.05 was considered a statistically significant 
difference.

3  |  RESULTS

3.1  |  KIAA1429 was highly expressed in IHs

GEO DataSets (GSE127487) were analyzed and the results re-
vealed that KIAA1429 and YTHDF1 were highly expressed in 
IHs (Figure 1A,B). With a more significant fold- change of 2.14, 
KIAA1429 was further analyzed. The results of qRT- PCR and 
western blotting analyses verified that KIAA1429 was more highly 

by enhancing the stemness of hemangioma endothelial cells and could be a potential 
treatment target for infantile hemangiomas.
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F I G U R E  1  KIAA1429 is highly expressed in IHs. Heatmap (A) and scatter plot (B) showing relative transcriptome levels of m6A- related 
molecules in infantile hemangiomas (IHs) (n = 18) and normal skin (n = 5). (C) qRT- PCR analysis of VIRMA in proliferative IHs and normal skin 
(n = 4). Representative images (D) and scatter plot (E) of western blotting for KIAA1429 expression in proliferative IHs and normal tissue 
(n = 8). Representative images (F) and scatter plot (G) of immunohistochemical staining showing KIAA1429 expression in IHs (n = 48) and 
normal skin (n = 11). (H) Representative images of immunofluorescence staining of CD31 and KIAA1429 in IHs and normal skin. Statistical 
analysis: two- tailed unpaired Student's t test for (B) and (G), two- tailed paired Student's t test for (C) and (E); *p < 0.05, **p < 0.01. NC, normal 
control; ns, nonsignificant.
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expressed in IHs than in normal peritumor skin (Figure 1C– E). IHC 
staining of 48 IHs and 11 normal skin samples also confirmed that 
KIAA1429 was highly expressed in IHs compared with normal skin 
(Figure 1F,G), whereas the positive and negative control images 
for IHC of KIAA1429 are shown in Figure S1. Moreover, IF with 
KIAA1429 and CD31 staining also showed this differential ex-
pression and identified that the location of KIAA1429 in IHs was 
mainly in endothelial cells (Figure 1H).

3.2  |  KIAA1429 was more highly expressed in 
involuting IHs

Immunostaining revealed that KIAA1429 was more highly expressed 
in involuting IHs than in proliferative IHs (Figure 2A). Correlation 
analysis between the IHC scores of KIAA1429 and patient age 
showed a positive correlation (p = 0.019; Figure 2B). Interestingly, we 
found that, even for the same IH lesion, the expression of KIAA1429 
in the nonproliferative region was higher than that in the prolifera-
tive region (Figure 2C). These findings suggest that KIAA1429 may 
play an important role in IHs regression.

3.3  |  KIAA1429 was highly expressed in HemECs

HemECs were isolated, and the morphology is shown in 
Figure 3A. The cells were identified by flow cytometry detect-
ing CD31 (Figure 3B) and IF staining of CD31, GLUT1, and vWF 
(Figure 3C). qRT- PCR and western blotting showed that VIRMA/
KIAA1429 in HemECs was higher than in HUVECs and HMEC- 1 
(Figure 3D– F), although the difference in qRT- PCR was insignifi-
cant. Considering that IHs are often involved in skin tissue, we 
also compared KIAA1429 expression in HemECs to that in HFF- 1 
and found that KIAA1429 in HemECs was significantly higher 
than in HFF- 1 (Figure 3D– F). KIAA1429 knockdown and overex-
pression in HemECs were constructed to explore the effects of 
KIAA1429 in vitro. The transfection efficiency was verified using 
fluorescence photography (Figure S2). qRT- PCR and western blot-
ting confirmed the knockdown and overexpression efficiencies 
(Figure 3G,H). No significant change was observed in cell morphol-
ogy after the KIAA1429 knockdown (Figure 3I). However, HemECs 
with KIAA1429 overexpression exhibited fibroblast- like changes, 
which manifested with long fusiform changes in cell morphology 
and the flow vortex cell arrangement pattern (Figure 3I).

F I G U R E  2  KIAA1429 expression was higher in involuting IHs than in proliferative IHs. (A) Representative immunofluorescence staining 
of CD31 and KIAA1429 in proliferative and involuting IHs. (B) Linear correlation analysis of the immunohistochemical score of KIAA1429 
and patient age (n = 48). *p < 0.05. (C) Representative immunofluorescence staining of CD31 and KIAA1429 in the proliferative and 
nonproliferative regions of the same IH sample.
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3.4  |  KIAA1429 weakened the endothelial 
phenotype of HemECs

CCK- 8 assay showed that the proliferation ability of HemECs was en-
hanced after KIAA1429 knockdown, but decreased after KIAA1429 
overexpression (Figure 4A). TUNEL staining revealed that KIAA1429 
did not influence apoptosis in HemECs (Figure S3). The cell migration 
ability was confirmed using a wound healing assay and a transwell 
migration assay, which showed that the cell migration ability was 

enhanced after KIAA1429 knockdown but decreased after KIAA1429 
overexpression (Figure 4B,C and Figure S4A,B). Transwell invasion 
assay showed that the invasive ability of HemECs was enhanced 
after KIAA1429 knockdown, but decreased after KIAA1429 over-
expression (Figure 4D,E). Tube formation assay showed that the 
tube- forming ability was enhanced after KIAA1429 knockdown, but 
decreased after KIAA1429 overexpression (Figure 4F,G). The tran-
scriptome levels of VEGFA, PECAM1, HIF1Α, KDR, ENG, and CDH5 
were detected by qRT- PCR. The results showed that, after KIAA1429 

F I G U R E  3  The expression and fibroblast- like morphology induction of KIAA1429 in hemangioma endothelial cells (HemECs). (A) The 
morphologies of HemECs. (B) Representative flow cytometric plot showing the cell purity of HemECs reached 95%. (C) Representative 
immunofluorescence staining showing the expression of HemEC markers on the sorted cells. (D) qRT- PCR analysis of VIRMA in HemECs 
(n = 6), human microvascular endothelial cells (HMEC- 1), human foreskin fibroblasts (HFF- 1), and human umbilical vein endothelial cells 
(HUVECs). Representative images (E) and scatter plot (F) of western blotting for KIAA1429 expression in HemECs (n = 6), HUVECs, 
HMEC- 1, and HFF- 1. (G) qRT- PCR analysis of VIRMA in HemECs after transfection with normal control shRNA (shNC), KIAA1429 shRNA 
(shKIAA1429), empty vector (EV), and KIAA1429 overexpression vector (OE- KIAA1429) viruses (n = 3). (H) Representative western blotting 
for KIAA1429 expression in HemECs after transfection with shNC, shKIAA1429, EV, and OE- KIAA1429 viruses. (I) Morphologies of HemECs 
after transfection with shNC, shKIAA1429, EV, and OE- KIAA1429 viruses. Statistical analysis: two- tailed unpaired Student's t test for (D) 
and (F), two- tailed paired Student's t test for (G); *p < 0.05, **p < 0.01, ***p < 0.001. NC, normal control.
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knockdown, most of the endothelial markers increased, while HIF1A 
increased slightly with no statistical significance (Figure 4H). By con-
trast, after KIAA1429 overexpression, most of the endothelial mark-
ers decreased except ENG and PECAM1 (Figure 4H). Western blotting 

detected the expression levels of VEGFR2, HIF1α, CD31, and VEGFA. 
The results showed that these endothelial markers increased after 
KIAA1429 knockdown and decreased after KIAA1429 overexpres-
sion (Figure 4I,J). The inconsistency of protein expression and mRNA 

F I G U R E  4  KIAA1429 inhibited endothelial phenotype of hemangioma endothelial cells (HemECs). (A) Cell proliferation was evaluated 
by the CCK- 8 assay. Representative images (B) and scatter plot (C) (n = 3) of wound healing assay showing the migration ability of HemECs. 
Representative images (D) and scatter plot (E) (n = 3) of transwell invasion assay showing the invasion ability of HemECs. Representative 
images (F) and scatter plot (G) (n = 3) of tube formation assay showing the angiogenesis ability of HemECs. (H) qRT- PCR analysis of 
endothelial markers (VEGFA, PECAM1, HIF1A, KDR, ENG, and CDH5) in HemECs (n = 3). (I) Representative images (left) and scatter plot 
(right, n = 3) of western blotting for endothelial markers (VEGFR2, HIF1α, CD31, and VEGFA) in HemECs after KIAA1429 knockdown. (J) 
Representative images (left) and scatter plot (right, n = 3) of western blotting for endothelial markers (VEGFR2, HIF1α, CD31, and VEGFA) in 
HemECs after KIAA1429 overexpression. Statistical analysis: two- tailed paired Student's t test; *p < 0.05, **p < 0.01, ***p < 0.001. EV, empty 
vector; OE- KIAA1429, KIAA1429 overexpression vector; shKIAA1429, KIAA1429 shRNA; shNC, normal control shRNA.
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levels in some markers, such as CD31, might be due to the negative 
feedback caused by the change in protein expression.

3.5  |  KIAA1429 enhanced the fibroblast- like 
phenotype in HemECs

As fibroblast- like changes were observed after KIAA1429 over-
expression, we further detected the expression levels of some 
fibroblast- related factors after knockdown and overexpression of 
KIAA1429. qRT- PCR showed that the levels of ACTA2, FN1, COL1A1, 
COL3A1, VIM, S100A4, and SERPINH1 decreased after KIAA1429 
knockdown, while most of these factors increased or tended to in-
crease except ACTA2 after KIAA1429 overexpression (Figure 5A). As 
shown by the western blotting results in Figure 5B,C, the expression 
levels of fibronectin, collagen- III, collagen- I, and αSMA decreased 
after KIAA1429 knockdown and increased, or had the tendency to 
increase, after KIAA1429 overexpression. The above results indicated 
that KIAA1429 decreased the endothelial phenotype, but promoted 
their transition into the fibroblast- like phenotype of HemECs. We in-
cubated HemECs on noncoated plates and observed the adherence 
degree after 4 h to further investigate this functional transition of 
HemECs. The results showed that ~60% of HemECs could stick to 
the noncoated plates after KIAA1429 overexpression (Figure 5D,E).

3.6  |  KIAA1429 induced HemECs differentiation to 
facultative stem cells

Considering that some HemECs had the characteristics of faculta-
tive stem cells,9,10 we suspected that the changes in HemECs to a 
fibroblast- like phenotype were caused by the enhanced stemness. 
Therefore, we examined the adipogenic differentiation ability of 
HemECs and the expression of CD133 in HemECs. Adipogenic 
induction showed that the adipogenic differentiation ability of 
HemECs decreased after KIAA1429 knockdown, but more HemECs 
differentiated into adipocytes after KIAA1429 overexpression 
(Figure 5F,G). Moreover, the expression of CD133 decreased after 
KIAA1429 knockdown, but increased significantly after KIAA1429 
overexpression (Figure 5H), which verified the stemness facilitation 
of KIAA1429 in HemECs directly. The results of weakening of the 
endothelial phenotype and promotion of endothelial- to- stem cell 
transition manifested by the fibroblast phenotype and adipogenesis 
ability from KIAA1429 overexpression were consistent with the spe-
cific course of IHs spontaneous regression to fibroadipose tissue, 
indicating that KIAA1429 could promote IHs regression.

3.7  |  KIAA1429 functioned in HemECs in an m6A- 
independent manner

GLUT1, as a specific HemECs marker, is a proven indicator of faculta-
tive stem cells and is related to the specific course of IHs.10 Therefore, 
we detected the mRNA and protein expression levels of GLUT1 after 

KIAA1429 knockdown and overexpression. Interestingly, unlike other 
endothelial markers, GLUT1 was downregulated after KIAA1429 
knockdown, but increased after KIAA1429 overexpression, although 
the increase in transcriptome level was insignificant (Figure 6A,B). 
These results were consistent with the change in CD133 expression 
and stemness enhancement after KIAA1429 overexpression, indicat-
ing that KIAA1429 may promote the conversion of HemECs to stem 
cells via upregulating GLUT1. Considering that KIAA1429 is one com-
ponent of m6A ‘writer’ complex, we suspected that its effect on GLUT1 
was through m6A modification and performed RIP to confirm this. 
Western blotting verified the binding efficiency between magnetic 
beads and KIAA1429 (Figure 6C). However, the RIP results showed 
that KIAA1429 did not directly target SLC2A1 (Figure 6D), indicating 
that KIAA1429 acted on GLUT1 in an m6A- independent manner. As 
KDR and FN1 might also be the potential target genes, RIP was also 
conducted on them. Similarly, KIAA1429 did not directly target KDR 
and FN1 (Figure 6D), suggesting that the KIAA1429 effect on these 
factors was not mediated by m6A modification. To further confirm the 
results, mRNA stabilities of potential target genes were detected, and 
the results showed no significant change in the stabilities of SLC2A1, 
KDR, and FN1 (Figure 6E). Finally, qRT- PCR revealed that KIAA1429 
was upregulated after propranolol treatment (Figure 6F), further prov-
ing the relationship between KIAA1429 and IHs regression.

3.8  |  KIAA1429 promoted the regression of IHs 
in vivo

The volume of the tumors in mouse models gradually increased in 
the first 2 weeks and decreased slightly after that (Figure 7A), which 
was consistent with IH natural history. Tumors were larger in the 
shKIAA1429 group and smaller in the OE- KIAA1429 group at 2 weeks, 
although the differences were insignificant (Figure S5A– C). H&E and 
IF staining showed that endothelial cell masses gathered and formed 
microvessels in the shNC, shKIAA1429, and EV groups at 2 weeks 
(Figure 7B,C). In contrast, the OE- KIAA1429 group was mainly com-
prised of fibroadipose tissue, with a few relatively mature vascular 
lumens such as involuting IHs (Figure 7B,C). MVD increased after 
KIAA1429 knockdown, but decreased after KIAA1429 overexpres-
sion (Figure 7C,D). qRT- PCR revealed that after KIAA1429 knock-
down, the endothelial markers VEGFA, ENG, and HIF1A increased or 
exhibited an increasing trend, whereas the fibroblast- related mark-
ers COL1A1 and COL3A1 decreased or showed a downward trend 
(Figure 7E). In contrast, after overexpression of KIAA1429, HIF1A 
decreased, and COL1A1 increased (Figure 7E). GLUT1+ vessels were 
observed by IF staining in each group (Figure 7C). Interestingly, 
compared with the other three groups, the number of microvessels 
formed in the OE- KIAA1429 group was lower, but the expression of 
GLUT1 seemed to be higher, although the difference was insignifi-
cant (Figure 7C, F). H&E staining showed that tumors were mainly 
composed of fibroadipose tissue at 4 weeks, and IF staining for GFP 
verified that the adipocytes were derived from implanted HemECs 
(Figure 7G). Moreover, the proportion of adipose tissue in the OE- 
KIAA1429 group was higher than in the EV group (Figure 7H).
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4  |  DISCUSSION

As the most common soft tissue tumor in infants, the incidence of 
IHs can reach 4– 10%.1,3 In the past, vascular abnormalities were not 
clearly classified and were often collectively referred to as heman-
giomas. In 1982, Mulliken et al. classified vascular abnormalities into 

vascular tumors and vascular malformations according to whether 
the abnormal proliferation of endothelial cells existed, and IHs were 
the most common type in vascular tumors.17 A well described natural 
history is characteristic of IHs. Although IHs regress spontaneously, 
there are ~10– 15% of patients with complications such as bleeding, 
ulceration, compression of functional organs, or disfigurement due 

F I G U R E  5  KIAA1429 facilitated the fibroblast- like phenotype and enhanced the stemness of hemangioma endothelial cells (HemECs). 
(A) qRT- PCR analysis of fibroblast- related markers (ACTA2, FN1, COL1A1, COL3A1, VIM, S100A4 and SERPINH1) in HemECs (n = 3). (B) 
Representative images (left) and scatter plot (right, n = 3) of western blotting for fibroblast- related markers (fibronectin, collagen- III, 
collagen- I and αSMA) in HemECs after KIAA1429 knockdown. (C) Representative images (left) and scatter plot (right, n = 3) of western 
blotting for fibroblast- related markers (fibronectin, collagen- III, collagen- I and αSMA) in HemECs after KIAA1429 overexpression. 
Representative images of cell morphology (D) and scatter plot of adhesive cells numbers (E) (n = 3) after inoculating HemECs to noncoated 
plates. Representative images (F) and scatter plot (G) of Oil- Red- O staining after adipogenic differentiation induction. (H) Representative 
images (left) and scatter plot (right, n = 3) of western blotting for CD133 in HemECs. Statistical analysis: two- tailed paired Student's t test; 
*p < 0.05, **p < 0.01, ***p < 0.001. EV, empty vector; ns, nonsignificant; shKIAA1429, KIAA1429 shRNA; shNC, normal control shRNA; OE- 
KIAA1429, KIAA1429 overexpression vector.
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to the rapid growth in IHs.5,18,19 Therefore, active and timely inter-
ventions must be urgently adopted for these patients. Propranolol 
was accidentally discovered by Léauté- Labrèze in 2008 to treat 
IHs, and later became first- line treatment, with an average effective 
rate of up to 90%.20– 22 However, 20– 30% of patients relapse after 
propranolol withdrawal.23– 25 In addition, approximately 10% of IHs 
patients are propranolol resistant.26 Therefore, it is important to ex-
plore the pathogenesis of IHs and identify other possible therapeutic 
targets. HemSCs are the basics of IHs and can differentiate into en-
dothelial progenitor cells, hematopoietic stem cells, and mesenchy-
mal stem cells in different phases of IHs.3,27– 30 In the early stage of 
IHs, the upregulated HIF1α caused by hypoxia and the subsequent 
upregulation of various angiogenic factors seem to be the reason for 
IH rapid proliferation.31 Many pathways and the renin– angiotensin 
system are involved in this process.7,32 Later, in the involuting phase, 
HemSCs are more likely to differentiate into mesenchymal stem cells 
and then into pericytes and adipocytes, promoting IHs regression.30 
Nevertheless, to date, no hypothesis can fully explain the reasons 
for the specific course of IHs, especially the reasons for regression.

m6A is proven to be associated with the pathogenesis and an-
giogenesis of many tumors.11,33– 35 However, the function of m6A 
in IHs has not been discussed much. In this study, we found a high 
expression of KIAA1429 in IHs in the initial database screening and 
confirmed KIAA1429 tissue localization. In in vitro experiments, the 
fibroblast- like morphological changes of HemECs after KIAA1429 

overexpression suggested that differentiation induced by KIAA1429 
might exist. Previous studies highlighted that HemECs differ from 
general endothelial cells but resemble fetal endothelial cells.36,37 
Approximately 0.1– 2% of HemECs express the stem cell marker 
CD133, so it is also considered an intermediate form during the tran-
sition of HemSCs into endothelial cells.9 In this study, the weakening 
of endothelial phenotype and promotion of endothelial- to- stem cell 
transition manifested by the fibroblast phenotype and adipogenesis 
ability brought about by KIAA1429 overexpression, were consistent 
with the spontaneous regression of IHs to fibroadipose tissue, indi-
cating that KIAA1429 could promote IH regression. In animal stud-
ies, KIAA1429 inhibited microvessel formation and promoted the 
progress of regression, further confirming the effect of KIAA1429 in 
vivo. What is more, the upregulation of KIAA1429 after propranolol 
treatment suggested that the direct targeting of KIAA1429 would 
be more effective in patients with propranolol resistance or relapse, 
although this hypothesis needs to be confirmed in additional studies.

Some studies have revealed that GLUT1+ HemECs, which differ 
from GLUT− HemECs, possess the characteristics of facultative stem 
cells and can re- differentiate into pericytes, smooth muscle cells, and 
adipocytes.8,10 We found that KIAA1429 upregulated the expression 
of GLUT1, which explains why KIAA1429 enhanced the stemness of 
HemECs to some extent. GLUT1 is a specific marker that distinguishes 
IHs from other vascular abnormalities.38 It can be expressed in IHs 
and 20– 30% of angiosarcomas, but not in other vascular tumors.39 

F I G U R E  6  KIAA1429 functions in hemangioma endothelial cells (HemECs) independently of N6- methyladenosine methylation 
modification. (A) qRT- PCR analysis of SLC2A1 in HemECs (n = 3). (B) Representative images (above) and scatter plot (below, n = 3) of western 
blotting for GLUT1 in HemECs. (C) Western blotting verified the combination of magnetic bead and antibody complex with KIAA1429. 
(D) qRT- PCR analysis detected the enrichment of SLC2A1, KDR, and FN1 normalized with IgG (n = 3). (E) mRNA stabilities of SLC2A1, KDR, 
and FN1 after KIAA1429 knockdown (n = 3). (F) qRT- PCR analysis of VIRMA in HemECs after treatment with propranolol (n = 3). Statistical 
analysis: two- tailed paired Student's t test; *p < 0.05, ***p < 0.001. EV, empty vector; ns, nonsignificant; shKIAA1429, KIAA1429 shRNA; 
shNC, normal control shRNA; OE- KIAA1429, KIAA1429 overexpression vector; RIP, RNA- immunoprecipitation.
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Therefore, the formation of GLUT1+ vessels is considered the suc-
cessful criterion of IH animal models.40,41 As a glycolysis- related 
protein, GLUT1 is often highly expressed in malignant tumors due to 
increased metabolism and glycolysis.42 However, the high expression 
of GLUT1 in IHs cannot be completely explained by adaptation to 
metabolic changes. A previous study revealed that the expression of 
GLUT1 in both proliferative and involuting IHs is higher than that in 
normal skin, manifesting the fact that the increase in GLUT1 is not a 
transient adaptation to increased glycolytic demand.38 In addition, it 
was also proven that there was no correlation between high expres-
sion levels of GLUT1 and Ki67, suggesting that the high expression of 
GLUT1 in IHs, at least in involuting and involuted IHs, is unrelated to 
proliferative activity.38 These results indicated that the function of 
GLUT1 in IHs has not been fully elucidated.

This study also explored how KIAA1429 played a role in GLUT1. 
Although KIAA1429 is a member of the m6A methyltransferase com-
plex, it is not a real methyltransferase, but acts more as a scaffold 
that combines the main components of the ‘complex’ with mRNA to 
mediate m6A modification at specific sites.43 Therefore, unlike other 
typical methyltransferases, the role of KIAA1429 is not limited to 
m6A modification.44,45 Based on our results from RIP and the mRNA 
stability assay, we believe that KIAA1429 could facilitate the stem-
ness property of HemECs without altering the m6A level of GLUT1. 
In addition, different changes in the mRNA and protein levels of 
GLUT1 after KIAA1429 overexpression also indicated other possible 
indirect regulation of KIAA1429 on GLUT1. Furthermore, other po-
tential targets such as KDR and FN1 were also investigated and it was 
found that the expression changes in these factors after KIAA1429 
downregulation were also independent of m6A modification.

In conclusion, this study demonstrated the function of upreg-
ulated KIAA1429 in IHs regression by inducing the transition of 
HemECs to facultative stem cells (Figure 7I). The findings provide 
further insight regarding the regression mechanism of IHs and may 
introduce a new potential therapeutic approach for treating IHs.
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