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ABSTRACT
The rhythm gene BMAL1 (Brain and Muscle ARNT‐Like 1) may play an important role in glioma tolerance for
anti‐angiogenesis therapy. In humans with glioma of different pathological grades, BMAL1 expression was
significantly different, and the expression of ANG2 (Angiopoietin 2) and VEGF (Vascular endothelial growth
factor) was positively correlated with the expression of BMAL1. Additionally, BMAL1 expression is positively
correlated with the microvascular density and peritumoral edema of glioma. According to in vitro experiments,
silencing the expression of BMAL1 in primary glioma cells results in a decrease in the expression of VEGF. In
contrast, overexpression of BMAL1 promotes the expression of ANG2 and VEGF via HIF‐1a pathway. Therefore,
BMAL1 likely participates in the angiogenesis of glioma by modulating ANG2 and VEGF expression, alters the
therapeutic effect of anti‐angiogenic treatments, and promotes peritumoral brain edema of glioma.
cancer [2, 3], and an adjuvant therapy for glioma [4, 5].
As glioma is an angiogenesis-dependent tumor with
many heterogeneous vessels in the tumor tissue [6],
vascular targeted therapy has great potential in the
treatment of glioma. However, for the treatment of
intracranial tumors, single anti-vascular therapy is far
from satisfactory in achieving a therapeutic effect
similar to that observed in other tumors [7]. In addition
to the limitations of the drug itself, the most important
limitation is the drug resistance of tumor cells [8, 9].
This tolerance may be related to rhythm genes [10].

INTRODUCTION
Glioma is the most common malignancy of the central
nervous system, and it is highly invasive, results in a
poor prognosis, and is prone to recurrence after surgery.
Although conventional treatment for glioblastoma
involves extensive radical resection combined with
adjuvant radiotherapy and chemotherapy, the one-year
cumulative survival rate of patients is still less than
30%. Only 3% of patients live longer than 5 years, with
a total mean survival time of 6–9 months [1]. Therefore,
studies aiming to determine the pathogenesis of glioma
and identify methods to improve the clinical symptoms
and prognosis of patients with glioma have become a
hot topic in glioma research.

In recent years, rhythm genes have been suggested to be
related to the occurrence and development of various
tumors, including breast cancer, colon cancer, and
glioma [11–13]. As the core gene of rhythm gene,
BMAL1 is an important regulator that maintains normal
cell and tissue homeostasis and plays an extremely
critical role in tumor-related processes, such as cell

In recent years, vascular therapy targeting active
angiogenic factors has become the standard treatment
for some tumors, including colon cancer and kidney
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proliferation and apoptosis, DNA repair, metabolism,
and angiogenesis [14–17]. BMAL1 is also considered a
pro-tumor factor in glioma that promotes the
proliferation and migration of glioma cells [18].
Therefore, an examination of the regulatory effects of
BMAL1 on the expression of the angiogenic factors
ANG1 (Angiopoietin 1), ANG2, and VEGF in glioma
will be conducive to understanding the reasons for
glioma tolerance to vascular targeted therapy and the
development of new target drugs. HIF-1a is an
important regulatory factor of tumor angiogenesis. It
was previously reported that HIF-1a can induce
increased expression levels of Ang2 and VEGF in
hypoxia environment [19]. Therefore, in this study, we
examined the correlation between the expression of the
BMAL1 gene and the expression of HIF-1a, ANG1,
ANG2, and VEGF in human glioma tissues, as well as
the relationships between the expression of the BMAL1
gene and the number of tumor microvessels and
peritumor edema.

Expression of the angiogenesis-related genes ANG1,
ANG2 and VEGF in human glioma tissues of
different WHO pathological grades
In glioma tissue, ANG1, ANG2, and VEGF are
expressed in vascular endothelial cells and tumor
cells (Figure 1) (Table 3). A significant difference
in ANG1 expression was not observed between
tumor tissues (32/79) and non-tumor tissues (34/79)
(P > 0.05). However, significantly higher ANG1
expression was detected in grade I/II (23/38) glioma
tissues (P < 0.001) than in grade III/IV (9/41)
tumors.
The expression of ANG2 in glioma tissue (48/79) and
non-tumor tissue (15/79) was significantly different
(P < 0.05). Moreover, this difference was also
observed in glioma tissues of different pathological
grades. A significant difference in ANG2 expression
was observed between grade I/II glioma (10/38) and
grade III/IV glioma (38/41) (P < 0.001).

RESULTS

The expression of VEGF in glioma tissue was similar to
Ang2, and a significant difference (P < 0.05) was
observed between tumor tissues (59/79) and peritumor
tissues (22/79). VEGF expression in grade III/IV tissues
(36/41) was different from its expression in grade I/II
glioma tissue (23/38) (P < 0.05).

Differential expression of BMAL1 and HIF-1a in
human glioma tissue
BMAL1 was expressed at different levels in both
glioma and normal tissues (non-tumor brain tissue
specimens), and all the staining was observed in the
nucleus (Figure 1). The expression of BMAL1 was
detected in 74.68% (59/79) of glioma tissues, and 31
(39.24%) of the 79 non-tumor brain tissues were
positive for BMAL1. The expression level of BMAL1
in glioma cells was significantly different from nontumor brain cells (P < 0.05) (Table 1).

The correlation between BMAL1 expression
and the expression of ANG1, ANG2, VEGF and
HIF-1a
In this study, 17.72% (14/79) of samples were
BMAL1−/ANG1+, a significant difference was
observed compared with BMAL1+/ANG1+ samples,
53.16% (42/79) (P < 0.05), and the expression of the
two was negatively correlated (R = −0.365, P <
0.001). Notably, 55.7% (44/79) of samples were
BMAL1+/ANG2+, which was significantly higher
than the percentage of BMAL1−/ANG1+ samples
(7.59%, 6/79), and the difference was significant (P <
0.05); a significant positive correlation was observed
between the two (R = 0.402, P < 0.001). 63.29%
(50/79) of samples were BMAL1+/VEGF+, a value
that is significantly higher than the 11.39% (9/79) of
BMAL1−/VEGF+ samples, and the two were
positively correlated (R = 0.397, P < 0.001). There
was a significant difference between BMAL1−/HIF1a+ samples (13.92%,11/79) and BMAL1+/HIF-1a+
samples (70.88%, 56/79) (P < 0.01), and the two
were also positively correlated (R = 0.675, P <
0.001). These data indicated that increased
expression of BMAL1 may promote the expression of
HIF-1a, ANG2 and VEGF in glioma (Figure 2A).

BMAL1 expression was not different between WHO
grade low-grade gliomas (I/II) and adjacent non-tumor
tissues (P > 0.05). The BMAL1 was expressed at
significantly higher levels in high-grade glioma
(III/IV) than in low-grade glioma (P < 0.001) and
adjacent non-tumor tissues (P < 0.001) (Table 1). In
addition, BMAL1 expression did not display
significant relationships with age, gender, or tumor
size (Table 2).
Differential expression of HIF-1a was also observed
between tumor tissues and peri-tumor tissues, and the
positive expression was mainly concentrated in the
nucleus (Figure 1). The expression of HIF-1a in highgrade gliomas was significantly higher than that in
adjacent peritumor tissues (P < 0.001) and low-grade
glioma (P < 0.01). Different from BMAL1 expression,
HIF-1a expression in low-grade glioma tissues differs
from that in adjacent peritumor tissues (P < 0.05).
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Table 1. Comparison of BMAL1 positive expression between glioma and peritumoral tissues, and between different
pathological grades and peritumoral tissues.
Group
Tumoral tissues
Peritumor tissue

n
79
79

BMAL1 Positive
59 (74.68%)
39 (39.24%)

P
P < 0.05

I/II grades
Peritumoral tissues around I/II grades

38
38

20 (52.63%)
17 (44.74%)

P = 0.491 > 0.05

III/IV grades
Peritumoral tissues around III/IV grades

41
41

39 (95.12%)
22 (53.66%)

P < 0.001

I/II grades
III/IV grades

38
41

20 (52.63%)
39 (95.12%)

P < 0.001

Figure 1. Immunohistochemistry analysis of BMAL1, HIF‐1a, ANG1, ANG2, and VEGF expression in glioma and normal
tissues with different pathological grades.
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Table 2. Relationship between BAML1 expression and clinical data related to glioma.
Sample
Age
<40
>40
Sexual
Male
Female
Tumor volume
<4 cm
>4 cm

n

BMAL1 Positive

P

34
45

25 (73.53%)
34 (75.56%)

P = 0.819 > 0.05

42
37

31 (73.81%)
28 (75.68%)

P = 0.827 > 0.05

45
34

34 (75.56%)
25 (73.53%)

P = 1.000 > 0.05

Correlation between expression and the tumor
microvascular density

Correlation of BMAL1 expression with clinical
cerebral edema

CD34 was used to label the endothelial cells in tumor
tissues and determine the microvascular density. The
MVD (Microvascular density) was measured in the
tumor using the Weidner method [20]. In gliomas, the
MVD of BMAL1− samples was 25.3 ± 10.93 and the
MVD of and BMAL1+ samples was 43.75 ± 10.94, with
a statistically significant difference (P < 0.05) (Figure
2B and 2C). In gliomas, BMAL1 expression was
significantly and positively correlated with the tumor
MVD (R = 0.915, P < 0.001), suggesting that BMAL1
is closely related to angiogenesis in glioma (Table 4).

According to the EI (edema index), we performed
peritumor cerebral edema grading in 79 patients with
glioma [21]. The median EI was 4.79 (range, 1.20–
10.52): 0 with no edema, 16 (20.3%) with mild edema,
26 (32.9%) with moderate edema, and 37 (46.8%) with
severe edema (Table 5). Although clinical MRI scans
suggested that all patients had peritumor brain edema to
varying degrees, compared with the BMAL1− patients,
patients with BMAL1+ expression were more likely to
exhibit moderately severe or severe brain edema (Figure
3A and 3B). Furthermore, we analyzed the BMAL1 levels

Figure 2. Expression analysis of BMAL1 and CD34. (A) ANOVA test was used for comparisons the expression of BMAL1 in glioma and
normal tissues with different pathological grades. (B) A set of representative graphs displaying the number of microvessels in gliomas by
labeling CD34. (C) Two‐sample t‐test was used for comparisons between the two groups.*p < 0.05, **p < 0.01. ***p < 0.001.
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Table 3. Relationship between expression of ANG 1, ANG 2, VEGF and pathological features of glioma.
Sample
ANG1
Peritumoral tissues
Tumor
ANG1
I/II grades
III/IV grades
ANG2
Peritumoral tissues
Tumor
ANG2
I/II grades
III/IV grades
VEGF
Peritumoral tissues
Tumor
VEGF
I/II grades
III/IV grades

N

Positive rate

P

79
79

34 (43.04%)
32 (40.51%)

P = 0.747 > 0.05

38
41

23 (60.35%)
9 (21.95%)

P < 0.01

79
79

15 (18.99%)
49 (62.03%)

P < 0.01

38
41

11 (28.95%)
38 (92.68%)

P < 0.01

79
79

22 (27.85%)
59 (74.68%)

P < 0.01

38
41

23 (60.53%)
36 (87.80%)

P < 0.05

Figure 3. MR images of clinical patients showed the relationship between peritumoral brain edema and BMAL1 expression.
(A) A set of representative graphs displaying MR images of brain edema. The red dotted line is the solid part of the tumor, and the yellow
dotted line is the area of brain edema around the tumor. Patients with BMAL1 (+) had obvious peritumoral edema. (B) The EI was
compared between the BAML1 (+) expression group (n = 59) and the BAML1 (−) expression group (n = 20). (C) BMAL1 expression levels in
the mild edema group (n = 5), moderate edema group (n = 15), and severe edema group (n = 39) were assessed. *p < 0.05, **p < 0.01. ***p <
0.001.
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Table 4. Correlation between BMAL1 expression and MVD.
BMAL1 Expression
−
+

n
20
59

MVD (+)/HP
25.3 ± 10.93
43.75 ± 10.94

R

P

0.915

P < 0.001

Notes: HP: high power field.

Table 5. Correlation between BMAL1 expression and edema.
BMAL1
Expression
+

−

n
59
20

+
5
11

Edema
++/+++
54
9

X2

P

20.02

<0.0001

Notes: +: mild edema (1 < EI≤ 1.5); ++: moderate edema (1.5 < EI≤ 3); +++: severe edema (EI > 3).

in different edema groups. The BMAL1 expression
level in the moderate edema group was higher than that
in the mild edema group (P < 0.01), and the expression
level in the severe edema group was higher than that in
moderate edema group (P < 0.05) (Figure 3C).

angiogenic therapy for gliomas should be promising;
however, in fact, glioma is one of the tumors in which
anti-angiogenesis therapy displays poor efficacy [9].
Based on these findings, a single target therapy
targeting a specific vascular factor may not improve the
angiogenesis and vascular structure of glioma, or other
more complex regulatory mechanisms may regulate
angiogenesis in glioma.

The regulatory effect of BMAL1 expression on
HIF-1a, ANG1, ANG2 and VEGF expression
After the silencing of the BMAL1, the expression of
VEGF and HIF-1a were significantly decreased in the
BMAL1-Sh group compared with the BMAL1-NC
group and the BMAL1-Sh NC group (Figure 4A and
4B); however, a similar result did not found in the
expression of ANG2, compared with the BMAL1-NC
group (P = 0.156 > 0.05) and the BMAL1-Sh NC group
(P = 0.239 > 0.05); a significant difference in ANG1
expression was not observed compared with the
BMAL1-NC group (P = 0.193 > 0.05) and BMAL1-Sh
NC group (P = 0.218 > 0.05). A subtle difference
expression pattern was observed in glioma cells that
overexpressed BMAL1. In other words, after the
overexpression of the BMAL1 gene, the expression of
HIF-1a, ANG2 and VEGF was correspondingly
increased compared with the BMAL1-NC group and the
BMAL1-SHNC group (Figure 4A and 4B). However,
no difference in expression of ANG1 was observed
compared with the BMAL1-NC group (P = 0.203 >
0.05) and the BMAL1-SHNC group (P = 0.114 > 0.05).

High BMAL1 expression in tumor cells was associated
with poor clinical outcomes in patients with colorectal
cancer receiving Beva (anti-VEGF) combined with
chemotherapy [10]. Furthermore, this resistance to
Beva was caused by an internal, intracellular "escape"
pathway of the tumor cells that involved BMAL1. This
pathway initiates the continuous synthesis and
secretion of VEGF, followed by continued stimulation
of the VEGFA/VEGFR2 signaling pathway through
autocrine/paracrine mechanisms [10]. Lasse et al. also
confirmed that BMAL1 regulated angiogenesis through
the VEGF pathway in zebrafish [17]. Thus, rhythm
genes may contribute to glioma tolerance to vascular
targeted therapy. In addition to VEGF, BMAL1 was
also positively correlated with the expression of ANG2
in glioma in our study. It has been demonstrated that
the hypoxic microenvironment of glioma could upregulate the expression of ANG2 and VEGF via HIF1a pathway [19, 24]. The above-mentioned findings
prompted us to investigate the correlation between
HIF-1a and BMAL1 expression in glioma. Our IHC
results showed that the intensity of HIF-1a positive
expression was positively correlated with BMAL1
expression. Additionally, the expression of BMAL1
correlated with the pathological grade of glioma, but
not with the patient's age, gender, or tumor size.
Therefore, BMAL1 expression may be independent of
the initial origin of glioma, but is related to the later
development of glioma, and BMAL1 is likely to
participate in the mechanism regulating glioma
angiogenesis and we hypothesized that BMAL1 may

DISCUSSION
Glioma is considered an angiogenesis-dependent tumor
[22]. A serious imbalance between vascular growthpromoting and inhibitory factors in the glioma
microenvironment has been observed [23]. As
previously reported, ANG1, ANG2 and VEGF are
expressed at high levels in gliomas, and significant
differences in their expression were observed in
different pathological grades. Therefore, anti-
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up-regulate the expression of VEGF and ANG2
through the HIF-1a pathway.

regulated the transcription of VEGF through E-boxes
[25]. However, it is worth noting that ANG2 increases
with the increase of BMAL1 expression but does not
decrease with the silencing of BMAL1 expression. It has
been previously reported that hypoxia can up-regulate
the expression of ANG2, and the hypoxia regulation
of ANG2 is HIF-1a dependent [19]. Therefore,
upregulation of ANG2 expression associated with
BMAL1 overexpression may be related to elevated HIF1a expression. The expression of ANG2 was not
affected by the silent expression of BMAL1, indicative
of the regulation of ANG2 expression may be
multifactorial. From our experiment, we can speculate
that BMAL1 may be one of the main factors regulating
ANG2 expression. Still, it is not the only factor, and its
specific molecular pathway needs to be clarified by
more experiments.

To more directly assess the impact of BMAL1 on the
expression levels of HIF-1a, ANG2 and VEGF we used
primary glioma cells to construct cell models with
BMAL1 overexpression and silencing and to determine
whether BMAL1 is involved in HIF-1a, ANG2 and
VEGF expression in gliomas. In our study, when the
BMAL1 was up-regulated, HIF-1a, ANG2 and VEGF
expression also increased; when BMAL1 expression was
silenced, HIF-1a and VEGF expression decreased,
while the expression of ANG1, ANG2 was not affected.
It is a fascinating result that HIF-1a, VEGF increases or
decreases with the increase or silencing of BMAL1
expression. Thus, BMAL1 may be involved in
regulating the expression of VEGF, HIF-1a. This result
is consistent with the findings reported by Lasse and
colleagues who found that the VEGF expression pattern
matched the expression pattern of BMAL1 and BMAL1

The abnormal expression of ANG2 and VEGF is the
main explanation for the presence of a large number of

Figure 4. The regulatory pathway of BMAL1 on proangiogenic factors was assessed by western blot. (A) A set of
representative graphs displaying the regulatory pathway of BMAL1 in glioma cells. (B) Two‐sample t‐test was used for comparisons
between the two groups. *p < 0.05, **p < 0.01. ***p < 0.001.
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heterogeneous blood vessels in tumor tissues [26]. Dual
antagonists targeting ANG2/VEGF effectively improve
the vascular structure and function and reduce
peritumor brain edema in patients with glioma [25, 27].
In the present study, BMAL1 expression was positively
correlated with the expression of ANG2 and VEGF, and
thus we speculated that high BMAL1 expression might
be correlated with the microvascular density of glioma
and the degree of peritumor brain edema. We verified
our hypothesis by analyzing human glioma tissue to
determine the correlation between BMAL1 expression
and microvessels, and performed MRI (Magnetic
Resonance Imaging) to understand the correlation
between the expression of the BMAL1 gene and
peritumor edema. The positive expression of BMAL1
protein in tumor tissues correlated with the distribution
of high MVD, which was more obvious in high-grade
glioma. Similar results were also obtained using MRI to
assess brain edema; the higher the positive rate of
BMAL1 expression, the more severe the brain edema.
Based on these results, BMAL1 may plays an important
role in brain tumor microangiogenesis and peritumor
edema.

obtained. Nonneoplastic tissue samples were collected
from 79 patients. Some of the specimens were prepared
as paraffin sections for immunohistochemistry, and
primary glioma cells were extracted from other
specimens within one hour.
Primary glioma cell isolation and culture
Within an hour of obtaining fresh specimens of glioma
tissues (WHO class III/IV), the samples were transferred
on ice to the ultra-clean cabinet, minced, rinsed with
saline repeatedly, centrifuged, and the supernatant was
digested with II collagenase at 37°C until most of the
tissue block was dissociated. DMEM containing 15%
fetal bovine serum (FBS) was added to terminate the
digestion, cells were filtered through a 70 μm cell mesh
filter, centrifuged, the supernatant was discarded, and
pellets were resuspended and cultured in DMEM.
MRI examination and edema index measurement
Patients underwent an MRI plain scan and contrastenhanced scan before the operation with a Siemens 3.0 T
MR machine. The protocol of Qu et al. [19] was used to
examine MRI and measure the edema index. All MR
imaging data were measured by a computer workstation.
Preoperative T1-enhanced TSE sequence of MRI was
employed to measure tumor volume. Specifically, the
first step was to measure the axial maximum diameter
(A), coronal maximum diameter (B), and sagittal
maximum diameter (C) of the tumor on MR imaging T1enhanced TSE sequence (TR = 2000 ms; TE = 9 ms;
section thickness = 6 mm; FOV = 230 × 187 mm; voxel
size = 0.7 × 0.7 × 6.0 mm) in each patient. The second
step is to calculate the tumor volume according to the
formula previously reported: V = 4/3π × A/2 × B/2 × C/2
[28]. The volume of perituminal brain edema was
measured using T2-weighted and FLAIR TSE sequences,
with specific MRI operating parameters as follows: TR =
9000 ms; TE = 81 ms; section thickness = 6 mm; FOV =
230 × 200 mm; voxel size = 0.7 × 0.7 × 6.0 mm. As well
as measuring tumor volume, we measured the maximum
diameter of cerebral edema in axial, coronal, and sagittal
scans and calculated the edema volume. The edema index
(EI) was used to evaluate the degree of peritumoral
edema, and its calculation formula was as follows: EI =
(V tumor + edema)/(V tumor). According to previous
reports, peritumoral edema can be divided into four
degrees according to the edema index [29], as follow: no
edema (EI = 1), mild edema (1 < EI≤ 1.5), moderate
edema (1.5 < EI≤ 3), and severe edema (EI > 3).

In summary, we speculated that BMAL1 might be
involved in angiogenesis in human glioma cells by
regulating VEGF and ANG2 expression via HIF-1a
pathway. Researchers have not determined whether
BMAL1 regulates tumor biological behaviors by
regulating angiogenesis in glioma. However, our results
support the hypothesis that BMAL1 is involved in
glioma angiogenesis by regulating the ANG2/VEGF
pathway and affects the degree of peritumor brain
edema. Although the specific molecular pathway is not
yet clear, this discovery will be beneficial to developing
new clinical drugs for glioma and obtaining a better
understanding of the mechanism underlying the
development of peritumor edema, providing new
insights into the treatment of peritumor brain edema.

MATERIALS AND METHODS
Clinical samples
All the specimens were collected at the Neurosurgery
Department of Jingmen First People's Hospital affiliated
with Hubei Minzu University from January 2017 to
October 2020. None of the patients had received
preoperative radiotherapy or chemotherapy. The
specimens were removed from 12:00 noon to before
3:00 p.m., and 79 glioma specimens were collected. The
patients were 17–69 years old. The patients included 42
males and 37 females. According to WHO glioma
grading criteria, 38 cases of low-grade astrocytoma
(grade I/II) and 41 cases (grade III/IV) of anaplastic
astrocytoma and glioblastoma multiforme were
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sections, baked, dewaxed and hydrated, subjected to
dehydration with a gradient of ethanol solution, and
subjected to the blocking of endogenous peroxidase
activity, antigen repair (high-pressure repair), washing,
sealing, and an incubation with BMAL1 (ab231793,
ABCAM), HIF-1a (ab114977, ABCAM), ANG1
(ab133425, ABCAM), ANG2 (Ab155106, ABCAM),
VEGF (ab32152, ABCAM) and CD34 (ab8158,
ABCAM) primary antibodies at 4°C overnight. Next,
sections were incubated with secondary antibodies,
DAB was used for color development, and sections
were stained with hematoxylin, dehydrated, sealed, and
observed under a microscope.

proteins BMAL1 (ab231793, ABCAM), HIF-1a
(ab114977, ABCAM), ANG1 (ab133425, ABCAM),
ANG2 (Ab155106, ABCAM) and VEGF (ab32152,
ABCAM) was detected by Western blot.

Construction of
silencing vectors

The association between tumor grade (high-grade/lowgrade gliomas) and expression of the investigated
proteins (negative/positive) was assessed using the ChiSquare Test and Two-sample t-test, included in the
Statistical Package for the Social Science, version 13.0.
Using Kendall’s tau-b Correlation to analyse correlation
between the expression of BMAL1 and ANG1, ANG2,
VEGF and edema index. Using Spearman Correlation to
analyse correlation between the expression of BMAL1
and MVD.

BMAL1

overexpression

Ethics statement for human specimens
All studies on human subjects were approved by Hubei
University for Nationalities Ethics Committee. The
ethical approval number for excised material is HBMZ2012018.
Statistical analysis

and

Synthetic primers were designed based on the BMAL 1
gene sequence in NCBI. The following primer
sequences were used: upstream lead 5′-CCGGAAT
TCGCCACCATGGCAGACCAGAGAATGGACATTT
CTTC-3; downstream primers: 5′-CCGGGATCCT
TACAGCGGCCATGGCAAGTC-3′. Under the action
of T4 DNA ligase, the lentivirus vector PGMLV-PA6
was connected to the BMAL1 fragment.

Data availability
Based on the sequence of the BMAL1 gene, a synthetic
shRNA oligomeric single-stranded DNA with the
following sequence (5′ to 3′) designed: BMAL1 sh3T:
GATCCGCACGCGATAGATGGAAAGTTCTCGAGA
ACTTTCCATCTATCGCGTGCTTTTTT and BMAL1
sh3B: AATTAAAAAAGCACGCGATAGATGGAA
AGTTCTCGAGAACTTTCCATCTATCGCGTGCG.
The oligomers were annealed to form a double-stranded
structure. Under the action of T4 DNA ligase, the
lentivirus vector PGMLV-SB3 was connected with the
double-stranded primer. The following steps were
conducted according to the manufacturer’s instructions
and products were stored at –80°C.

The datasets generated during and/or analysed during
the current study are available from the corresponding
author on reasonable request.
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