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Knockdown of Annexin A1 induces apoptosis, causing 
G2/M arrest and facilitating phagocytosis activity in human 

leukemia cell lines

Annexin A1 (ANXA1) is an endogenous protein involved in 
the control of proliferation, cell cycle, phagocytosis, and 
apoptosis in several types of cancer. To investigate the  effects 
of ANXA1 knockdown in leukemia cells, transfection with 
specific ANXA1 siRNA was performed. Cell cycle and 
apoptosis were analyzed using flow cytometry and a mecha-
nism involving caspases and Bcl-2 was quantified using 
Western blotting. Phagocytosis activity was evaluated  using 
hematoxylin & eosin staining. The ANXA1 expression was 
significantly downregulated after the knockdown and 
apoptosis was induced in tested cells. The expression of 
caspase-9 and -3 increased in U937 and Jurkat cells respec-
tively. Bcl-2 expression was downregulated in K562 and 
Jurkat cells while upregulated in U937. The number of leu-
kemic cells arrested at the G2/M phase and the phagocytosis 
index were significantly increased in transfected cells. This 
suggests that ANXA1 knockdown might be a potential 
 approach in the therapeutic strategy for leukemia.

Keywords: Annexin A1, siRNA transfection, apoptosis, cell 
cycle, phagocytosis, leukemia

Annexin A1 is a 37 kDa protein with calcium and phospholipid-binding properties 
 involved in various physiological processes including inflammation, cell proliferation, 
 migration, differentiation, phagocytosis and apoptosis in multiple types of cancer. This cas-
cade of signaling pathways was activated through the association of ANXA1 with formyl 
peptide receptors (FPRs) (1). Recently, a study reported that ANXA1 level was significantly 
higher in leukemia cells (Jurkat, K562 and U937) compared to peripheral blood mononuclear 
cells (PBMC) (2). The role of Annexin A1 in the mechanisms of the mentioned processes is 
not completely clear, especially in leukemia.

Solito et al. reported that the treatment of human neutrophils with exogenous ANXA1 
stimulates apoptosis (3). A previous study showed that the overexpression of ANXA1 
indu ced apoptosis with caspase-3 activation in macrophages and bronchoalveolar cells (4, 
5). Apoptosis is a process regulated by certain caspase family and B-cell lymphoma 2 
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 (Bcl-2) family (6). Caspases are produced in an inactive form called zymogens and are 
cleaved into active form during the apoptotic event. The activation of caspases, a family of 
cysteine-protease proteins and one of the hallmarks of apoptosis, can be categorized into 
initiator and effector caspases. The activation of initiator caspases (such as caspase-9 and 
-10) through the cleavage of aspartate (Asp) residue triggers the execution of effector 
 caspases (such as caspase-3 and -7). Extrinsic and intrinsic pathways, involving death 
 ligand-receptor and mitochondria respectively, are two major apoptosis pathways. The 
induction of apoptosis over the intrinsic pathway is associated with the release of cytochrome 
c from mitochondria that activates the initiator caspase, pro-caspase-9 (47 kDa) and is 
 activated by cleavage into the active form, caspase-9 (35 kDa). It then cleaves procaspase-3 
(35 kDa) into 19 kDa and 17 kDa subunits. Meanwhile, the extrinsic pathway involves the 
activation of caspase-8 or caspase-10 through the death ligand-receptor and the activation 
of initiator caspases subsequently activates the effector caspase, caspase-3 (7). The  common 
anti-cancer mechanism in cancer therapy is through induction of apoptosis (8). Bcl-2 is 
classified as an anti-apoptotic protein that is usually located in the outer membrane of 
mitochondria. The function of this protein is to protect mitochondrial membrane potential 
and prevent the release of cytochrome c or other pro-apoptotic proteins from the mito-
chondria. Localization of Bcl-2 in the inner membrane of mitochondria protects mito-
chondria from apoptosis and subsequently, resistance toward chemotherapeutic drugs as 
most of it is targeting mitochondria (9).

Besides, ANXA1 is able to alter cell cycle progression in few cancer cells including 
leukemia cells (10). A previous study reported that ANXA1 is involved in phagocytosis 
activity since knockdown of ANXA1 in RAW264.7 macrophages reduced the phagocytic 
activity (11). Therefore, the objective of the present study is to explore the effect of ANXA1 
knockdown on apoptosis, cell cycle arrest and phagocytosis activities in different types of 
leukemia. Thus, different leukemic cell lines (U937 cells, Jurkat cells, THP-1 and K562) were 
used as model cell lines for studying different types of leukemia.

EXPERIMENTAL

Cell cultures

The acute myeloid leukemia, U937 cells, acute lymphoblastic leukemia, Jurkat cells 
and acute monocytic leukemia, THP-1 cells were cultured in RPMI 1640 medium. Mean-
while, chronic myeloid leukemia, K562 cells, were grown in Iscove’s Modified Dulbecco’s 
medium, IMDM. The cultured media were enriched with 10 % of fetal bovine serum (FBS), 
1 % of penicillin-streptomycin. The cells were obtained from American Type Culture Col-
lection (Manassas, VA, USA).

Transfection with small interfering RNA (siRNA) of ANXA1

The Jurkat, U937 and K562 cells (1.5 × 105 cell mL–1) were transiently transfected with 
40, 80 and 100 nmol L–1 respectively of ANXA1 small interfering RNA (siRNA), (Silencer® 
Select Validated siRNA; siRNA ID s1381 Ambion, TX, USA) using the INTERFERin trans-
fection reagent (Polyplus-transfection Inc., France). Each of the experiments was done 
three times. Positive control of siRNA, fluorescein isothiocyanate, FITC conjugated  fluorescent 
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oligonucleotide (Block-it, Invitrogen) were analyzed using fluorescence microscopy to 
evaluate transfection efficiency 24 h post-transfection. The ANXA1 expression was quantified 
using Western blotting 72 h post-transfection.

Apoptosis assay

Post transfection, the ANXA1 knockdown cells were stained with Annexin V/propi-
dium iodide to quantify the percentage of apoptotic cells. The early marker of apoptosis is 
the externalization of phosphatidylserine (PtdSer) from the inner to the outer membrane. 
Annexin V was used due to its high affinity towards PtdSer, thus binding to PtdSer, 
 exposed on the outer membrane, served as a probe for detection. The cells were washed 
with cold PBS and incubated with a staining solution containing propidium iodide, FITC- 
-labeled Annexin V and binding buffer for 10 min. The percentage of viable, apoptotic and 
necrotic cells was assessed by FACSCanto II flow cytometer (Becton Dickinson, USA).

Western blotting

Western blotting was conducted to determine the protein expression level of ANXA1 
and apoptosis proteins post knockdown. All of the proteins were extracted with RIPA lysis 
buffer (MERCK) and quantified using Bradford protein assay (Bio-Rad, USA). The same 
amount of protein was separated using 10 % SDS-polyacrylamide gel electrophoresis (SDS-
PAGE), transferred to polyvinylidene fluoride (PVDF) membranes (Merck, Germany) and 
blocked with 5 % milk in Tris-buffered Saline, 0.1 % Tween 20 (TBST) for 1 h at room tem-
perature. The membranes were incubated overnight with antibodies of ANXA1, caspase-1, 
caspase-3, caspase-9, Bcl-2, and β-actin (1:1000) as a loading control (Cell Signaling Tech-
nology, USA). Then, membranes were washed, incubated for 1 h with secondary anti-rabbit 
horseradish peroxide (HRP)-conjugated antibody (1:5000) (Cell Signaling Technology) and 
visualized using the enhanced chemiluminescence (ECL) detection kit on ChemiDoc MP 
System (Bio-Rad, USA).

Cell cycle assay

Cells were washed twice with cold phosphate-buffered saline (PBS) and fixed in cold 
70 % ethanol. Post 2 h of fixation process, cells were rinsed with PBS, stained for 30 min 
with propidium iodide buffer containing 0.2 mg mL–1 of propidium iodide, 0.2 mg mL–1 of 
RNase A and PBS in the darkroom. The cell cycle phases were conducted using a FACS-
Canto II flow cytometer and the result was analyzed using ModFit LT software (Becton 
Dickinson, USA). Propidium iodide is a DNA-intercalating agent used to analyze DNA 
content in the cell cycle.

Phagocytosis assay

THP-1 cells were differentiated into macrophages for 48 h after treated with 20 ng 
mL–1 of phorbol 12-myristate 13-acetate (PMA). The non-transfected and transfected cells 
were co-cultured with macrophages for 3 h and stained with hematoxylin and eosin. The 
percentage of phagocytosis and phagocytosis index were calculated using the equations 
(1) and (2):
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 Percentage of phagocytosis (%) = 
b
a

 × 100  (1)

 Phagocytosis Index (PI) = 
cb
a

 (2)

where a is the number of macrophages, 200, b is the number of macrophages that engulfed 
apoptotic cells and c is the number of apoptotic cells engulfed by macrophages.

Statistical analysis

All results are presented as mean and standard error mean, SEM and were statisti-
cally analyzed using t-test by GraphPad Prism 5 Software (CA, USA). The targeted protein 
bands’ intensities detected by Western blotting were normalized to β-actin. Differences 
were considered significant when p values less than 0.05.

RESULTS AND DISCUSSION

Knockdown of ANXA1 expression using siRNA

In order to determine the ANXA1 effects on cell apoptosis, cell cycle arrest and phago-
cytosis activities in leukemia cells, knockdown using ANXA1 siRNA transfection was 
carried out. Firstly, the transfection efficiency was determined using BLOCK-iT Fluores-
cent control siRNA. After 24 h of transfection, the knockdown cells were observed using 
a fluorescent microscope. Fig. 1a shows the image of transfected leukemia cells. The red 
fluorescence cells represent successfully transfected cells with BLOCK-IT siRNA. Cells 
that do not emit any fluorescent light were considered non-transfected cells. The ANXA1 
expression of transfected cells was detected using Western blot. The results presented in 
the figure below showed significant downregulation of ANXA1 expression in the ANXA1 
transfected cell, compared to the negative control, non-transfected cell post-transfection. 
The ANXA1 expression of transfected Jurkat, K562 and U937 was significantly decreased 
by 70, 69 and 63 % as compared to non-transfected cells, respectively. These results demon-
strated that ANXA1 expression successfully decreased in leukemia cells. Thus, the ANXA1 
transfected cells were assessed for apoptosis, cell cycle, and phagocytosis assay.

Knockdown of ANXA1 with siRNA induces apoptosis and necrosis

To determine the effect of ANXA1 knockdown in affecting apoptotic cells, cells were 
measured using flow cytometry. The percentage of viable, apoptotic, and necrotic cells was 
quantified using flow cytometry. The distribution of apoptotic cells was determined as 
those in early apoptosis (Quadrant 4 (Q4), lower right quadrant), late apoptosis (Quadrant 
2 (Q2), upper right quadrant) and necrotic cells in Quadrant 1 (Q1), upper left quadrant. 
Fig. 2 showed that the percentage of viable cells in quadrant 3 (Q3) decreased significantly 
in K562 cells. The relative percentage change of apoptotic cells was significantly increased 
in the transfected Jurkat (138.9 %), K562 (89.7 %) cells with p < 0.05 for both cell lines and 
U937 (49.4 %) cells with p < 0.01 in comparison to its respective non-transfected cells. 
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 Necro sis is marked by nonspecific swelling of cells and disruption on cell membrane 
 integrity. This will cause externalization of cell content to the outer environment that can 
cause inflammation. ANXA1 knockdown significantly increased the relative percentage 
change of necrotic cells (617.9 %) with p < 0.05 in K562 cells.

In this study, suppression of ANXA1 in Jurkat, K562 and U937 cells caused significant 
apoptosis. These indicated that suppression of ANXA1 expression induced apoptosis in 
Jurkat, K562, and U937 cells. This finding was supported by Chen et al. who revealed that 
ANXA1 knockdown inhibits cell proliferation and induces apoptosis in human T cell leu-
kemia virus type I, HTLV-I-transformed T cell (12). The previous research findings have 
shown that ANXA1 is involved in the apoptosis process; some studies suggested ANXA1 
as a pro-apoptotic protein, whereas others demonstrated that ANXA1 acts as an anti-apop-
totic protein in certain cancer cells. Wu et al. reported that a high level of ANXA1 inhibits 

Fig. 1. a) The transfected cells (coloured red) were observed under a fluorescence microscope (100× 
magnification). b) The quantification of ANXA1 protein expression using Western blotting analysis 
showed that ANXA1 protein expression was downregulated in the transfected cell (T) compared to 
the non-transfected cell (NT). β-actin was used as a loading control. Data are presented as mean ± 
SEM; n = 3, (*p < 0.05, **p < 0.01). Full-length blots are presented in Supplementary Data Fig. 1.

a)

b)
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Fig. 2. a) A dot plot of the cell distribution percentage after ANXA1 knockdown. Q1: Necrotic cells, 
Q2: Late apoptotic cells, Q3: Viable cells, Q4: Early apoptotic cells. b) The effects of ANXA1 knock-
down on cell viability, apoptosis and necrosis in Jurkat, K562 and U937 cells. T: transfected cells, NT: 
non-transfected cells. The value expressed as mean ± standard error mean (SEM); n = 3, * (p < 0.05) 
and ** (p < 0.01) when compared with non-transfected cells.

a)

b)
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apoptosis and might protect them against immune surveillance in human leukemic cells 
(13). Moreover, Jia and colleagues found that high ANXA1 expression was reported in 
multiple myeloma cells, NCI-H929 and RPMI8226 and after silencing of ANXA1 in both 
cells, apoptosis was induced (14). The suppression of ANXA1 protein might cause disrup-
tion in the normal condition of leukemic cells and eventually caused cell death. This indi-
cated that ANXA1 might serve as an oncogene protein in these types of leukemia cells. 
Even though the percentage of necrotic cells decreased non significantly in transfected 
U937 cells, this is probably because of the phagocytic ability possessed by this cell line as 
monocytes are classified as professional phagocytes (15). To further confirm the involve-
ment of ANXA1 in apoptosis, the molecular mechanism study was conducted.

Mechanism of apoptosis in cells transfected with siRNA for ANXA1

To evaluate the molecular mechanism of apoptosis through the activation of caspases, 
Western blotting was performed. Knockdown of ANXA1 significantly induced cell death 
and this is probably related to the increase of pro-caspase-3 and pro-caspase-9 expression. 
As shown in Fig. 3, transfected cells cause an increase of the initiator caspase, pro-cas-
pase-9 expression in U937 but a decrease in K562 cells. Meanwhile, the effector caspase, 
pro-caspase-3 expression was increased in Jurkat and decreased in U937 cells. However, 
no caspase cleavage was observed. Bcl-2 expression showed upregulation in U937 but 
downregulated in K562 cells. Caspase-1 is an enzyme involved in the activation of the pro-
inflammatory cytokine, however, western blotting showed an incresed procaspase-1 level 
in all cells after ANXA1 knockdown.

The Western blotting technique was performed to study the molecular mechanism 
involved in the induction of apoptosis after ANXA1 knockdown. Based on this study, the 
expression of pro-caspase-3 and pro-caspase-9 showed a slight increase in certain cells 
however no cleavage of these caspases was observed. Feng et al. demonstrated that silenc-
ing of ANXA1 reduced apoptosis by upregulating Bcl-2 and procaspase-3 levels while 
downregulating the expression of cleaved caspase-3 in trophoblasts from preeclampsia 
rat’s placenta tissue (16). The cleavage of caspase-9 and caspase-3 in this study was not 
observed probably due to approximately 10 min of caspase activation when there was a 
trigger of cell destruction. The execution of apoptosis begins with permeabilization of the 
mitochondrial membrane, the release of pro-apoptotic proteins into the cytosol then acti-
vates caspases (17). Induction of apoptosis in U937 cells may involve an intrinsic pathway 
with an increased level of pro-caspase-9 and decreased level of pro-caspase-3 expression after 
ANXA1 knockdown. Meanwhile, knockdown of ANXA1 in K562 cells caused a decrease in 
procaspase-9 and an increase in procaspase-3 expression that induced apoptosis through 
the extrinsic pathway. Likewise, in Jurkat cells, knockdown of ANXA1  increased pro-
caspase-3, caused no change in pro-caspase-9 expression and induced apoptosis through 
the extrinsic pathway that may be involved in the activation of caspase-8 or caspase-10.

This study proves that Bcl-2 expression in K562 cells showed a slight reduction com-
pared to non-transfected cells. The decrease of Bcl-2 expression with no disruption of mito-
chondrial membrane potential (MMP) might be caused by a significant decrease of pro- 
-caspase-9 expression in K562 cells. On the contrary, in U937 cells apoptosis occurs despite 
an increase in Bcl-2 expression levels. This may due to the increase of pro-caspase-9 
 expression because there is a disruption of MMP where Bcl-2 takes action in protecting MMP 
and preventing apoptosis. The previous study reported that Bcl-2 expression is overexpressed 
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Fig. 3. Expression of caspases -9, -3, -1 and Bcl-2 proteins in non-transfected (NT) and transfected (T) 
cells were quantified using Western blotting. The value are expressed as mean ± standard error mean 
(SEM), n = 3, * (p < 0.05) when compared with non-transfected cells. Full-length blots are presented in 
Supplementary Data Fig. 3.
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Fig. 4. a) Flow cytometry analysis and b) Bar chart of cell cycle distribution after ANXA1 knockdown 
in transfected (T) Jurkat, K562 and U937 cells compared to non-transfected cells (NT). Data are pre-
sented as mean ± SEM; n = 3, *p < 0.05, **p < 0.01 compared to non-transfected cell.

a)

b)
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in leukemic cancer such as acute myeloid leukemia (9). This suggests why leukemic cells 
are resistant to chemotherapeutic agents. Prior activation of caspase-9, apoptotic stimuli 
causes the activation of pro-apoptotic protein such as Bax or Bak and release of apoptosis 
promoting factors such as cytochrome c, Smac/DIABLO and apoptosis-inducing factor (AIF). 
This finding was supported by the previous study done by Moore and Letai which showed 
that the overexpression of Bcl-2 did not prevent the cells from undergoing apoptosis (18).

This finding showed an increase of pro-caspase-1 expression after ANXA1 knock 
-down in all leukemic cells, however, no cleavage of caspase-1 was observed. Knockdown 
of ANXA1 halted the ability of ANXA1 to act as an anti-inflammatory protein which in-
creased pro-caspase-1 expression due to inflammation. Caspase-1 activation cleaved pro-
inflammatory cytokines (pro-IL-1β and pro-IL-18) into active forms and activated the ef-
fector caspase, caspase-7 as well (19). Caspase-1 involved in pro-inflammatory cytokines 
activation during inflammation and ANXA1 was first discovered as an endogenous anti-
inflammatory glucocorticoid-inducible protein by inhibiting cytosolic phospholipase A2 
(cPLA_2), cyclooxygenase-2 (COX2) and consequently suppressing prostaglandin and 
leuko triene production (20). Activation of caspase-1 in cultured mouse cortical neurons 
triggers BH3-interacting domain (Bid) cleavage into truncated Bid, tBid and activates a 
mitochondrial pathway that induces apoptosis (21).

Knockdown of ANXA1 induces cell cycle arrest at the G2/M phase
Cell cycle arrest is an important process for repairing damaged DNA before entering 

into another phase. To determine the effect of ANXA1 suppression in affecting cell cycle 
progression, staining with propidium iodide and analysis using flow cytometry was con-
ducted. After transfection, ANXA1 knockdown resulted in a significant reduction in G0/
G1 phase and a significant increase in the G2/M phase at transfected cells in comparison 
to non-transfected cells. Fig. 4 showed that knockdown of ANXA1 caused the relative 
percentage change of the G2/M phase to increase significantly by 85.1 % for Jurkat, 100.7 % 
for K562 with p < 0.05 for both cell lines and 15.4 % for U937 with p < 0.01 compared to its 
non-transfected cells. This can be observed as a significant decrease in the relative percent-
age change of the G0/G1 phase with p < 0.05 for 3 cell types tested; a increase by 21.5 % for 
Jurkat cell, 26.3 % for K562 cell and 5.1 % for U937 cell compared to respective non-trans-
fected cells. Therefore, this causes the cell cycle arrest at the G2/M phase in Jurkat, K562, 
and U937 cells.

Results obtained showed that after ANXA1 knockdown, cell cycle progression was 
arrested at the G2/M phase with a decrease in the cell population at the G0/G1 phase in all 
cells. This suggests that without ANXA1, there is DNA damage causing cell cycle arrest to 
occur at the G2/M phase. This finding was supported by the previous study done by Liu 
et al. who reported that ANXA1 silencing caused cell cycle arrest at the G0/G1 phase in 
MIA PaCa-2 and BxPC3, human pancreatic cells (22). Besides, Li and colleagues showed 
that an increase in ANXA1 caused arrest at the G0/G1 phase and supported this finding 
which showed ANXA1 knockdown caused the G2/M arrest (23).

Effect of ANXA1 knockdown on phagocytosis activity
To determine the effect of ANXA1 knockdown on phagocytosis activity, hematoxylin-

eosin staining was conducted. The percentage of phagocytosis was determined as the 
number of macrophages that actively phagocytose. Meanwhile, the phagocytosis index 
(PI) was defined as the number of apoptotic cells engulfed by each phagocytically active 
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macrophage. Results shown in Fig. 5 describe that the knockdown of ANXA1 significantly 
increased the relative percentage change of phagocytosis in Jurkat (42.9 %, p < 0.05), K562 
(42.0 %, p < 0.05) and U937 (35.6 %, p < 0.05) compared to its non-transfected cell. Phagocy-
tosis index (PI) of ANXA1 siRNA Jurkat (2.75 ± 0.17, p < 0.05), K562 (5.43 ± 0.88, p < 0.05) and 
U937 (4.81 ± 0.48, p < 0.05) cells is significantly increased compared to non-transfected cell. 
These results showed an increase in the percentage of phagocytosis and PI in ANXA1 
knockdown cells.

Removal of apoptotic cells by phagocytosis is a crucial process in inflammation pre-
vention. Signals displayed by apoptotic cells, such as ‘find-me’ and ‘eat-me’ signals, draw 
the attention of a macrophage to phagocyte them (24). The results showed the efficiency of 
macrophage in removing damaged or apoptotic cells were increased after ANXA1 knock-
down. Knockdown of ANXA1 induced apoptosis and caused apoptotic cells to display 

Fig. 5. a) Haematoxylin-eosin staining of cells with arrows indicating apoptotic cells engulfed by 
macrophages. (100× magnification). b) The percentage of phagocytosis and phagocytosis index (PI) 
are significantly higher in transfected cells (T) compared to non-transfected cells (NT). Data are 
presented as mean ± SEM; n = 3, *p < 0.05 compared to non-transfected cell.

a)

b)
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‘eat-me’ signals such as phosphatidylserine (PtdSer), fractalkine, sphingosine-1-phosphate 
(S1P) and lysophosphatidylcholine (LPC); which are released from apoptotic and necrotic 
cells to attract phagocytes to the apoptotic cell (25). Therefore, signals produced by both 
apoptotic and necrotic cells attract macrophages to engulf them.

CONCLUSIONS

This finding concludes that ANXA1 is an important protein in human leukemia cells 
and knockdown of ANXA1 presents the potential treatment strategy due to the ability to 
induce apoptosis, cause cell cycle arrest and phagocytosis in leukemia cells. Besides, the 
results indicated that ANXA1 functions as an anti-apoptotic protein and ANXA1 knock-
down disrupts normal conditions in cancer cells causing cell cycle arrest and apoptosis. 
The unique characteristic of ANXA1 knockdown in inducing apoptosis through the dif-
ferent mechanisms for each cell line convinces that this protein exhibits different effects 
based on cell-type behavior; an intrinsic pathway for U937 cell and an extrinsic pathway 
for Jurkat and K562 cells that contribute more information about this protein. These find-
ings can contribute to further understanding of ANXA1 role in human leukemic cell lines.
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