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Increasing evidence suggests the role of miR-449a in the 
regulation of tumorigenesis and autophagy. Autophagy plays 
an important role in the malignancy of T-cell lymphoma. How-
ever, it is still unknown whether miR-449a is associated with 
autophagy to regulate the malignancy of T-cell lymp homa. In 
this study, we for the first time demonstrated that miR-449a 
enhanced apoptosis of T-cell lymphoma cells by decreasing 
the degree of autophagy. Further, miR-449a downregulated auto-
phagy-associated 4B (ATG4B) expression, which subsequently 
reduced the autophagy of T-cell lymphoma cells. Mechanistically, 
miR-449a decreased ATG4B protein level by binding to its 
mRNA 3’UTR, thus reducing the mRNA stability. In addition, 
studies with nude mice showed that miR-449a significantly 
inhibited lymphoma characteristics in vivo. In conclusion, our 
results demonstrated that the “miR-449a/ATG4B/autophagy” path-
way played a vital role in the malignancy of T-cell lymphoma, 
suggesting a novel therapeutic target. [BMB Reports 2020; 
53(5): 254-259]

INTRODUCTION

T-cell lymphoma is one of the most prevalent malignancies 
worldwide, with a high degree of heterogeneity (1). It repre-
sents a type of non-Hodgkin’s lymphoma originating from T 
cells, and is associated with poor prognosis (1). Several new 
drugs have been developed, such as histone deacetylase 
inhibitors, immunoconjugates, CD52 monoclonal antibody, 
and folic acid antagonists (2, 3). However, the therapeutic 
outcome and prognosis of patients diagnosed with T-cell 
lymphoma is still not favorable (4). In the absence of effective 

therapeutic measures, novel treatment strategies for T-cell 
lymphoma are imperative. 

Autophagy is an evolutionarily conserved mechanism in 
eukaryotes regulating the turnover of intracellular substances 
(5). In recent years, the role of autophagy in tumorigenesis has 
received increasing attention (6). Emerging studies have re-
ported that autophagy plays an important role in the malig-
nancy of lymphoma (7, 8). In T-cell lymphoma, it has been 
reported that hypoxia-induced autophagy decreases the sensi-
tivity of HuT78 cells to doxorubicin (9). Therefore, we propose 
that targeting autophagy in T-cell lymphoma may attenuate the 
malignant progression and enhance the therapeutic efficiency.

MicroRNAs are small RNAs with multiple biological func-
tions discovered in recent years, with a significant role in 
tumor development (10, 11). Specifically, miR-449a exhibits 
anti-cancer properties in a variety of tumors (12-14). For 
example, miR-449a acts as a tumor suppressor by reducing 
cell proliferation, migration and invasion as well as inducing 
apoptosis in human glioblastoma cell lines (12). In hepato-
cellular carcinoma (HCC), miR-449a directly targeted SOX4 
and decreased its expression in epithelial-mesenchymal transi-
tion (EMT) and HCC metastasis, thus inhibiting TGF-beta- 
mediated cell migration (13). Recent evidence suggests that 
miR-449a regulates autophagy level (15, 16). For instance, it 
has reported that miR-449a induced the knockdown of CISD2, 
resulting in inhibition of the proliferation of glioma cells by 
activating beclin1-mediated autophagy (15). These studies 
revealed that miR-449a plays an important role in tumori-
genesis, and is closely related to autophagy. However, whether 
miR-449a is associated with autophagy in regulating the malig-
nancy of T-cell lymphoma, is still unknown. 

RESULTS

MiR-449a enhances the apoptosis of cells in T-cell lymphoma
First, the miR-449a level in T-cell lymphoma tissues was lower 
than in non-cancerous lymph node tissues (Fig. 1A). Next, as 
shown in Supplementary Fig. 1, the miR-449a level was rela-
tively high in H19, HuT78 and Jurkat E6-1 cell lines, and rela-
tively low in HuT102 and Karpas-299 cell lines. Therefore, the 
cell lines HuT102 and Karpas-299 with a relatively low ex-
pression of miR-449a were selected to perform the following 
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Fig. 1. MiR-449a enhances cellular 
apoptosis in T-cell lymphoma. (A) 
Analysis of miR-449a level in 20 T-cell 
lymphoma tissues and the correspond-
ing adjacent non-cancerous lymph node 
tissues. (B-F) HuT102 and Karpas-299 
cells were transfected with miR-449a 
mimic (or NC mimic) and treated with 
miR-449a inhibitor (or NC inhibitor) 
for 24 h. The levels of miR-449a (B), 
the degree of cell viability (C), the 
levels of cleaved Caspase-3/PARP (D), 
and the number of apoptotic cells 
(marked with white arrows) were 
detected (scale bar, 20 m) (E, F). (G, 
H) HuT78 and Jurkat E6-1 cells were 
treated with miR-449a inhibitor (or 
NC inhibitor) for 24 h. Cell viability 
(G) and the level of cleaved 
Caspase-3/PARP (H) were evaluated. 
*P ＜ 0.05, **P ＜ 0.01, ***P ＜
0.001, ns: no significance.

Fig. 2. MiR-449a strengthens apoptosis by attenuating the autophagy of T-cell lymphoma cells. (A) HuT102 and Karpas-299 cells were 
treated with autophagy inhibitor CQ (20 M) or DMSO (0.1%) for 24 h. The cell viability was measured. (B-F) HuT102 and Karpas-299 
cells were transfected with miR-449a mimic (or NC mimic) and miR-449a inhibitor (or NC inhibitor) in the absence (B) or presence (C-F) 
of GFP-LC3 expression vector for 24 h. The LC3 level (B), and the GFP-LC3 puncta (marked with yellow arrows) were determined (Scale 
bar, 5 m) (C, D). Data (C, D) were quantified and expressed as the percentage of cells containing five or more GFP-LC3 puncta (E, F). 
(G, H) After transfection with miR-449a mimic or NC mimic for 24 h, the HuT102 and Karpas-299 cells were treated with CQ (20 M) 
or DMSO (0.1%). The cell viability (G), and the levels of cleaved Caspase-3/PARP (H) were evaluated. (I) HuT78 and Jurkat E6-1 cells 
were treated with miR-449a inhibitor (or NC inhibitor) for 24 h, and the LC3 level was determined. (J) After exposure to miR-449a 
inhibitor or NC inhibitor for 24 h, the HuT78 and Jurkat E6-1 cells were treated with CQ (20 M) or DMSO (0.1%). The cell viability 
was determined. CQ: chloroquine. *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001, ns: no significance.

overexpression experiments. Subsequently, the miR-449a 
mimic and inhibitor were used in this study. Fig. 1B showed 
that treatment with miR-449a mimic elevated the miR-449a 
level, while simultaneous transfection miR-449a inhibitor 

abrogated the effect of miR-449a mimic. Further, as shown in 
Fig. 1C-F the miR-449a mimic decreased the cell viability (Fig. 
1C), increased the levels of cleaved Caspase-3 and PARP (Fig. 
1D) and promoted the release of apoptotic bodies (Fig. 1E and 
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Fig. 3. MiR-449a binds to ATG4B mRNA 3’UTR, thereby decreasing ATG4B expression and attenuating the autophagy level of T-cell lymphoma
cells. (A, B) HuT102 and Karpas-299 cells were transfected with miR-449a mimic or NC mimic for 24 h. The protein levels of nine ATGs 
(A) and the ATG4B mRNA level (B) were assayed. (C, D) HuT102 (C) and Karpas-299 (D) cells were transfected with miR-449a mimic or 
NC mimic for 24 h, followed by treatment with Act D (5 g/mL). The mRNA level of ATG4B was detected. (E) Schematic representation 
of a predicted binding site of miR-449a in the 3’UTR of human ATG4B mRNA. (F) HuT102 cells were co-transfected with the reporter 
plasmids (pmir-ATG4B, pmir-ATG4B-mut or empty pmir-GLO) and RNA oligonucleotides (miR-449a mimic or NC mimic) for 24 h. The 
luciferase activity was determined. (G-J) HuT102 and Karpas-299 cells were transfected with miR-449a mimic (or NC mimic) and 
pCMV-ATG4B (or pCMV-NC) for 24 h. Subsequently, the levels of LC3 (G), the degree of cell viability (H), and the number of apoptotic 
cells (marked with white arrows) (I, J) were determined (scale bar, 20 m). (K) HuT102 and Karpas-299 cells were transfected with 
siATG4B (or siNC) for 24 h, and the cell viability was determined. (L and M) HuT102 and Karpas-299 cells were co-transfected with 
miR-449a mimic (or NC mimic) and siATG4B (or siNC) (L), while HuT78 and Jurkat E6-1 cells were co-transfected with miR-449a 
inhibitor (or NC inhibitor) and siATG4B (or siNC) (M). After 24 h, the cell viability was determined. ATGs: autophagy related genes, Act 
D: actinomycin D, pmir-ATG4B: luciferase reporter plasmids containing the wild-type 3’UTR of ATG4B, pmir-ATG4B-mut: luciferase 
reporter plasmids containing the mutant 3’UTR of ATG4B. pCMV-ATG4B: the ATG4B expression plasmid without 3’UTR. siATG4B: siRNA 
for ATG4B, siNC: negative control siRNA. *P ＜ 0.05, **P ＜ 0.01, ns: no significance.

F), which were abolished by simultaneous treatment with 
miR-449a inhibitor (Fig. 1C-F). Meanwhile, the cell lines 
HuT78 and Jurkat E6-1 expressing high levels of miR-449a 
were used for the following silencing experiments. As shown 
in Fig. 1G and 1H, exposure to miR-449a inhibitor increased 
the cell viability (Fig. 1G), and decreased the levels of cleaved 
Caspase-3 and PARP (Fig. 1H) in HuT78 and Jurkat E6-1 cells. 
These data indicate that overexpression of miR-449a strengthens 
the apoptosis of cells in T-cell lymphoma, and knockdown of 
miR-449a attenuated the cellular apoptosis.

MiR-449a strengthens the apoptosis by attenuating the 
autophagy of T-cell lymphoma cells
As shown in Fig. 2A, treatment with autophagy inhibitor 
chloroquine (CQ) remarkably weakened the viability of 
HuT102 and Karpas-299 cells, indicating that autophagy 
contributed to the malignancy of T-cell lymphoma cells. In 

addition, as shown in Fig. 2B-F, miR-449a mimic decreased 
the LC3-II protein level (Fig. 2B) and the formation of GFP-LC3 
puncta (Fig. 2C-F) in HuT102 and Karpas-299 cells, which was 
abolished by simultaneous treatment with an miR-449a 
inhibitor (Fig. 2B-F). Furthermore, as shown in Fig. 2G and H 
treatment with miR-449a mimic or chloroquine alone in 
HuT102 and Karpas-299 cells dramatically reduced the cell 
viability (Fig. 2G) and enhanced the levels of cleaved Caspase-3 
and PARP (Fig. 2H). However, the simultaneous application of 
miR-449a mimic and chloroquine did not further decrease the 
cell viability (Fig. 2G) or increase the levels of cleaved 
Caspase-3 and PARP (Fig. 2H). We also performed the silenc-
ing experiments involving HuT78 and Jurkat E6-1 cells. As 
shown in Fig. 2I, miR-449a inhibitor increased the protein 
expression of LC3-II. Furthermore, application of CQ did not 
enhance the effect of miR-449a inhibitor in increasing the cell 
viability of HuT78 and Jurkat E6-1 cells (Fig. 2J). These results 
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Fig. 4. Overexpression of miR-449a inhibits the growth of T-cell lymphoma xenograft tumors in vivo. (A-D) HuT102 cells with or without 
miR-449a stable overexpression (LV-miR-449a mimic or LV-NC mimic) were injected into the axillary regions of nude mice (n = 4 per 
group). The tumor size was monitored every four days (volume = width2 × length × 1/2) (A). On day 24 after cell inoculation, the tumors
were harvested and weighted (B). The levels of ATG4B, LC3 and cleaved Caspase-3/PARP in the xenograft tumors were determined (C). 
The ratios of ATG4B/GAPDH (or LC3-II /GAPDH) based on the results shown in (C) were analyzed and normalized against that of the 
corresponding control (D). *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001.

indicated that the expression of mir-449a was negatively 
correlated with autophagy level, and the effect of miR-449a 
mimic on apoptosis increase was mediated via attenuation of 
autophagy in T-cell lymphoma cells.

MiR-449a binds to ATG4B mRNA 3’UTR, thus decreasing 
ATG4B expression and attenuating the autophagy of T-cell 
lymphoma cells
The protein expression of several autophagy related genes 
(ATGs) was detected. As shown in Fig. 3A, the miR-449a mimic 
decreased the expression of ATG4B and ATG5 in HuT102 and 
Karpas-299 cells. The ATG4B expression was most 
prominently altered and was further investigated. As shown in 
Supplementary Fig. 2, treatment with miR-449a inhibitor 
increased the protein level of ATG4B in HuT78 and Jurkat 
E6-1 cells. As shown in Supplementary Fig. 3, ATG4B 
expression was relatively lower in H19, HuT78 and Jurkat E6-1 
cells, and relatively higher in HuT102 and Karpas-299 cells, 
suggesting that the expression of miR-449a and ATG4B was 
negatively correlated. Next, we found that the miR-449a 
mimic had no effect on the ATG4B mRNA level (Fig. 3B). The 
actinomycin D (Act D, a transcription inhibitor) assays were 
performed. As shown in Fig. 3C and D, miR-449a enhanced 
the degradation of ATG4B mRNA in the presence of Act D, 
indicating that miR-449a attenuated the ATG4B mRNA 
stability. Furthermore, bioinformatic analysis predicted that the 
binding site of miR-449a in the 3’UTR of ATG4B mRNA is 
located at residues 325-331 (CACUGCC) (Fig. 3E). The results 
of luciferase reporter assays showed that miR-449a signifi-
cantly reduced the activity of pmir-ATG4B rather than pmir- 
ATG4B-mut in HuT102 cells (Fig. 3F). 

Next, the ATG4B expression plasmid (without 3’UTR) was 
constructed. The overexpression efficiency of ATG4B is shown 

in Supplementary Fig. 4. Fig. 3G-J showed that miR-449a 
mimic decreased the LC3-II protein level (Fig. 3G), suppressed 
the cell viability (Fig. 3H) and elevated the number of apop-
totic bodies (Fig. 3I and J), which was abolished by 
simultaneous overexpression of ATG4B (Fig. 3G-J). Moreover, 
we also silenced ATG4B in HuT78 and Jurkat E6-1 cells. As 
shown in Fig. 3K, silencing of ATG4B decreased the cell 
viability of HuT78 and Jurkat E6-1 cells. Silencing of ATG4B 
did not further decrease the cell viability of HuT102 and 
Karpas-299 cells by miR-449a mimic (Fig. 3L), and treatment 
with miR-449a inhibitor no longer contributed to further cell 
viability of HuT78 and Jurkat E6-1 cells (Fig. 3M). These data 
suggested that the effect of miR-449a on decreased cell 
viability was mediated by regulating ATG4B expression. 
Collectively, these results showed that miR-449a binds to the 
325-331 region of ATG4B mRNA 3’UTR, to downregulate the 
ATG4B protein level, and ultimately reduced the autophagy 
level of T-cell lymphoma cells.

Overexpression of miR-449a inhibits the growth of T-cell 
lymphoma xenograft tumors in vivo
The above studies showed that miR-449a enhanced the 
apoptosis of T-cell lymphoma cells in vitro. Subsequent studies 
investigated the effect of miR-449a on xenograft tumor growth 
in vivo. The HuT102 cells with or without miR-449a showed a 
stable overexpression, and animal experiments were con-
ducted. As shown in Fig. 4A and B, the miR-449a mimic 
dramatically repressed the growth of T-cell lymphoma xenograft 
tumors in nude mice, evidenced by the tumor volume (Fig. 
4A) and weight (Fig. 4B). Additionally, the miR-449a mimic 
markedly reduced the protein levels of ATG4B and LC3-II (Fig. 
4C and D), and increased the protein levels of cleaved 
Caspase-3 and PARP (Fig. 4C). These results indicated that 
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overexpression of miR-449a attenuated the autophagy level 
and promoted the apoptosis of T-cell lymphoma cells, thus 
ultimately diminishing the growth of T-cell lymphoma xeno-
graft tumors in vivo.

DISCUSSION

T-cell lymphoma is a very heterogeneous group of tumors (17, 
18), lacking in effective treatment strategies (19). Recent reports 
demonstrate that the histone deacetylase inhibitor-chidamide 
improves the therapeutic effect of T-cell lymphomas (2, 3). 
CD30 monoclonal antibody-brentuximab vedotin has also 
been reported to be effective in the initial treatment of T-cell 
lymphoma (20). However, the overall therapeutic efficiency of 
T-cell lymphoma remains unsatisfactory clinically. In this 
study, we found that autophagy inhibition enhanced the 
apoptosis of T cells, which provides a new perspective for the 
treatment of T-cell lymphoma.

ATG4B, an autophagy-related protein, plays a vital role in 
the formation of autophagosomes (21, 22). Studies have shown 
that ATG4B significantly enhances the autophagy level in 
cancer cells, and promotes the malignant progression of tumors 
(21, 23, 24). For instance, osteosarcoma Saos-2 cells lacking 
ATG4B are defective in autophagy and fail to form tumors in 
mouse models (24). Another report showed that inhibition of 
ATG4B activities using genetic approaches or an ATG4B inhibitor 
decreased the autophagy level and suppressed the tumori-
genicity of glioblastoma cells (25). In our previous studies, we 
also found that inhibition of ATG4B attenuated autophagy, 
enhanced cell death and apoptosis in epirubicin-treated HCC 
cells (26). In this study, we first demonstrated the role of 
ATG4B in T-cell lymphoma cells. The overexpression of 
ATG4B enhanced the autophagy level of T-cell lymphoma 
cells. Meanwhile, the overexpression of ATG4B abrogated the 
miR-449a-induced reduction of autophagy in T-cell lymphoma 
cells. However, a further study is needed to explore the 
mechanism by which overexpression of ATG4B resulted in 
elevation of autophagy in T-cell lymphoma.

Current studies have reported that multiple microRNAs are 
involved in autophagy (27-29). Among them, miR-449a, a 
microRNA transcribed from the long arm of chromosome 5, 
has been associated with autophagy (15, 16). For example, 
miR-449a enhanced autophagy in glioma cells (15) and in 
silica-induced pulmonary fibrosis (16). Interestingly, in our 
study involving T-cell lymphoma cell lines, miR-449a down-
regulated the autophagy level. MiR-449a has different effects 
on autophagy, probably because its target molecules exhibit 
different effects on autophagy. For example, miR-449a activates 
autophagy in glioma cells by targeting CISD2 and decreasing 
its expression (15), which acts as an autophagy suppressor. In 
our study, miR-449a attenuated the autophagy of T-cell 
lymphoma cell lines by decreasing ATG4B protein expression 
associated with autophagy. In the present study, we evaluated 
the protein levels of several ATGs upon overexpression of 

miR-449a. In addition to ATG4B, ATG5 also showed a slight 
downward trend by miR-449a mimic. Our team will further 
explore the role of ATG5 in the regulation of autophagy in 
lymphoma. Aside from ATGs, it remains unknown whether 
miR-449a regulates the autophagy of T-cell lymphoma cells via 
non-ATG levels. Further investigations are needed.

In addition to serving as a target for cancer therapy, 
microRNAs can also be used as molecular markers for early 
screening and prognostic evaluation of tumors (30, 31). A 
recent study reported that cyclic serum miRNA profiles in 
sarcoma patients provide an early and accurate method of 
sarcoma detection, which may lead to cure and extended 
survival (32). In the present study, we demonstrated that 
miR-449a may be targeted to attenuate autophagy and enhance 
apoptosis of T-cell lymphoma cells. It is still unclear whether 
miR-449a can be used as a prognostic indicator, or whether 
additional microRNAs are needed to construct a prediction 
system. Further in-depth studies and investigations are needed.

In summary, this study demonstrated that miR-449a down-
regulates ATG4B in T-cell lymphoma cells by binding to its 
mRNA 3’UTR, which attenuated the autophagy level and 
subsequently promoted apoptosis of T-cell lymphoma cells. 
Moreover, targeting the “miR-449a/ATG4B/ autophagy” pathway 
enhanced the apoptosis of T cells in lymphoma, suggesting 
that this pathway may serve as a novel therapeutic target in 
T-cell lymphoma.

MATERIALS AND METHODS

Detailed information is provided in the Supplementary Information.
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