
Page 1/18

CTR9-Mediated JAK2/STAT3 Pathway Promotes
The Proliferation, Migration and Invasion of Human
Glioma Cells
Yang Xu 

Nanjing Brain Hospital
Jiaguo Chen 

Nanjing Jinling Hospital: East Region Military Command General Hospital
Gao He 

Jiangsu Province Hospital and Nanjing Medical University First A�liated Hospital
Yuhai Zhang  (  yhzhangnj@yeah.net )

Nanjing Brain Hospital https://orcid.org/0000-0003-0883-8695

Research

Keywords: Glioma, CTR9, JAK2, STAT3

Posted Date: June 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-524456/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-524456/v1
mailto:yhzhangnj@yeah.net
https://orcid.org/0000-0003-0883-8695
https://doi.org/10.21203/rs.3.rs-524456/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract

Background
CTR9 (Cln three requiring 9) has been reported to be implicated in protein modi�cation and oncogenesis
of several human cancers. However, the protein expression and mechanism of CTR9 in glioma
progression remain unclear.

Methods
We analyzed mRNA expression of CTR9 and CTR9-related survival curves in the public database. Then
we detected CTR9 expression in glioma tissues and constructed U251 and U87 cells with stable silencing
or overexpression of CTR9. Cell function tests and Western blot were conducted to explore the effects of
CTR9 on glioma proliferation, invasion and migration, as well as the speci�c mechanism. All the date was
presented as means ± SEM. Two-sample t-test and one-way analysis of variance (ANOVA) were used to
identify whether there was a signi�cant difference between each group of data.

Results
We found that CTR9 was overexpressed in glioma and inversely associated with glioma patient survival.
The results manifested that knockdown of CTR9 suppressed the proliferation, migration and invasion of
glioma cells, while overexpression facilitated them. The underlying molecular mechanism may involve
the regulation of JAK2/STAT3 pathway by CTR9.

Conclusion
Our present study indicates that CTR9 is highly expressed in glioma and related to glioma grading and
prognosis. CTR9 regulates malignant behaviors of glioma cells by activating JAK2/STAT3 pathway.
Therefore, CTR9 is a promising biomarker for the diagnosis,targeted therapy and prognosis evaluation of
glioma.

Introduction
Glioma is the most common malignant tumor of the central nervous system with rapid progress, strong
aggression and high rate of relapse[1]. Despite increasing progress in surgery, chemotherapy and
radiotherapy, the expected survival time is only 12 to 15 months for late diagnosis and advanced stages
[2, 3]. However, molecular targeted agents have therapeutic effects in the treatment of malignant tumors,
such as EGFR- and ALK-sensitive lung cancer and VEFG-sensitive colorectal cancer [4, 5]. Monoclonal
antibodies and tyrosine kinase inhibitors have played an important role in the treatment of breast cancer,
gastrointestinal stromal tumor, and melanoma as the main targeted therapy agents [6–8]. Candidates for
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targeted therapy include tumor growth factor receptor, signal transduction molecule, apoptosis regulatory
factor, proteolytic enzyme and vascular endothelial growth factor. Hence, explorations in the molecular
pathological mechanism of glioma and sequentially appropriate biomarker selection are indispensable to
precise treatment of glioma.

Paf1C, composed of Paf1, Leo1, CTR9, Cdc73 and Rtf1, is involved in the malignant progression of many
tumors, such as pancreatic carcinoma, ovarian cancer, Wilms tumor and breast cancer [9, 10]. Among the
�ve subunits, CTR9 independently plays signi�cant roles in many biological processes of tumor cells,
such as transcription, ubiquitination and cell cycle. Interestingly, CTR9 functions as a tumor suppressor in
Wilms cancer [11], however, the expression of CTR9 is up-regulated in breast carcinoma [12, 13]. Till now,
whether CTR9 plays as a tumor promoter or suppressor in glioma cells awaits investigation and
clari�cation.

Former researches have found that the activity of STAT3 in tumors was abnormally activated with high
frequency, such as glioma, liver cancer, colon cancer, breast cancer, lung cancer and stomach cancer [14–
19],its activation degree is signi�cantly related to the poor prognosis of cancer patients. The JAK2 /
STAT3 pathway is a key pathway for STAT3 signal transduction and transcriptional activation. Studies
have shown that the JAK and STAT were over-expressed in most malignant tumors [20, 21], especially the
abnormal activation of STAT3. Normally, STAT3 functions in the cytoplasm, it was transferred into the
nucleus once activated and caused abnormal transcription of target genes. STAT3 can facilitate the
development of malignant tumors by regulating downstream molecules, such as c-Myc, cyclin-D1, MMP-
2, VEGF, Bcl-2 and Bax [22, 23]. Through its own functions and its regulation of downstream molecules, it
is involved in the process of the proliferation, migration and invasion of various tumors [24–26].
Therefore, we speculate that CTR9-mediated JAK2/STAT3 pathway may explain the malignant behaviors
of glioma.

In our study, we �rst detected the expression of CTR9 protein in glioma patients’ tissues and glioma cell
lines by western blotting assay. Then, the role of CTR9 in glioma was studied through a variety of
functional experiments. Finally, we proved that CTR9 facilitates proliferation, migration and invasion
through regulating JAK2/STAT3 pathway.

Materials And Methods
Antibodies

Antibody against CTR9 was purchased from Cell Signaling Technology (Danvers, MA, USA). JAK2, p-
JAK2, STAT3, p-STAT3 and β‐actin antibodies were bought from Proteintech (Wuhan, Hubei, China).

Tissue samples

Twenty-two fresh brain tissue specimens from glioma and six fresh brain tissue specimens from
traumatic brain injury were selected randomly from the specimen repository in Nanjing Brain Hospital. All
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tissues were taken from the central site of the resected tumors with typical morphology and
pathologically con�rmed diagnosis.

The selected samples included non-tumor group (6 cases), grade II group (8 cases), grade III group (8
cases) and grade IV group (6 cases), according to the WHO tumor classi�cation standard. 

Cell culture

The glioma cell lines U251, T98G and human embryonic kidney cell line HEK293T were purchased from
the Shanghai Cell Bank of the Chinese Academy of Sciences. All cells were cultured in DMEM with10%
fetal bovine serum in a 37°C constant temperature incubator containing 5% CO2.

Construction of lentivirus 

Three short hairpin RNAs (shRNAs) were designed to knock down CTR9 and synthesized as followings:

shCTR-F1: gatccgCCTCCAGAGATTCTCAATAATTTCAAGAGAATTATTGAGAATCTCTGGAGGTTTTTTg

shCTR-R1: aattcAAAAAACCTCCAGAGATTCTCAATAATTCTCTTGAAATTATTGAGAATCTCTGGAGGcg

shCTR-F2: gatccgCGTGCAAATGAGACTATTCTTTTCAAGAGAAAGAATAGTCTCATTTGCACGTTTTTTg

shCTR-R2: aattcAAAAAACGTGCAAATGAGACTATTCTTTCTCTTGAAAAGAATAGTCTCATTTGCACGcg

shCTR-F3: gatccGCCATAATTTCATCAAGTGATTTCAAGAGAATCACTTGATGAAATTATGGCTTTTTTg

shCTR-R3: aattcAAAAAAGCCATAATTTCATCAAGTGATTCTCTTGAAATCACTTGATGAAATTATGGCg

Establishment of U251 and T98G cell lines 

Control, shCTR9#3, GFP and GFP-CTR9 plasmids were co-transfected with helper plasmids pMD2.G and
pSPAX2 in HEK293T cells, respectively. Virus supernatants were collected 48 hours after transfection.
U251 and T98G cells were infected by obtained lentiviruses and stably expressed Control, shCTR9#3,
GFP and GFP-CTR9 after puromycin �ltration.

EdU assay

Cells at the logarithmic phase were inoculated into 96-well plates. EdU assay was conducted after
overnight culture. Diluted reagent 5‐ethynyl‐20‐deoxyuridine was added into each well and cells were
incubated at 37℃ for 2 hours. The cells were washed with PBS twice and �xed with 4%
paraformaldehyde at room temperature for 30 minutes. Afterwards, the cells were incubated with glycine
and 0.5% TritonX-100 for 10 and 30 minutes, respectively. Apollo® reagent was added into each well and
cells were incubated in dark for 30 minutes. After dealt with 0.5% TritonX-100 and methanol, the nuclei of
the cells were dyed with Hoechst for 20 minutes and photographed by a �uorescent microscopy.
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Cell viability assay

Cell suspension was inoculated into 96-well plates. CCK-8 assay was conducted after overnight culture.
10 μL CCK-8 reagent was applied to each well (Be careful not to form bubbles in the well) and the
absorbance at 450nm was measured with a SynergyMx Multi- Mode Microplate Reader (Biotek, Winooski,
VT) after reaction for 4 hours at 37℃.

Transwell migration and invasion assays

To assess invasion ability, the upper chamber of each �lter was covered with 10ug Matrigel(BD, San Jose,
CA, USA), which was evenly spread and placed in a 37°C incubator for 2 h. The serum-free cell
suspension was then added into the �iter and the lower chamber was �lled with 10% FBS. After 30 hours
of incubation at 37°C, the non-invasive cells were swabbed from the upper chamber. Then cells on the
lower side of the �lter were �xed with 4% paraformaldehyde for 30 minutes and dyed with 0.03% crystal
violet solution for 10 minutes. Three �elds of adherent cells in each well were randomly photographed
and counted. The same experiment was conducted to assess migration ability except for �lters pre-
coated with Matrigel.

Western blot

The same amount of proteins were placed on 10% SDS-PAGE and then transferred to PVDF membrane
after the required strips appeared. The membrane was sealed with 3% BSA for 1 hour at room
temperature and cut according to the molecular weight. The membranes were placed into tubes
containing primary antibodies at 4°C overnight and secondary antibodies at room temperature for 1 hour.
The antibodies were detected by ECL or DAB. Image J analysis software was used to analyze the strips.

Results

CTR9 protein is highly expressed in human glioma tissues
To explore the role of CTR9 in human gliomas, we used GEPIA Web server to analyze the expression of
CTR9 mRNA in glioma and the relationship between CTR9 expression and survival of glioma patients.
The results showed that CTR9 mRNA expression was signi�cantly increased in both low grade glioma
(LGG) and glioblastoma (GBM) tissues, compared with normal brain tissues (Fig. 1A). Also, we found that
high expression of CTR9 in glioma patients indicated poor prognosis (P < 0.05, Fig. 1B). To verify these
data, we sequentially detected CTR9 expression in non-tumor and tumor brain tissues by Western blot. It
showed that CTR9 expression level in glioma tissues was signi�cantly increased compared with non-
tumor tissues, particularly in Grade IV gliomas (Fig. 1C and D). These obtained results revealed that both
mRNA and protein level of CTR9 were overexpressed in human glioma tissues, indicating that CTR9 may
act as an important role in human gliomas.

Down-regulation of CTR9 restrains the proliferation, migration and invasion of glioma cells
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To study the effects of CTR9 on malignant behaviors of glioma cells, we downregulated CTR9 expression
in glioma cells by its speci�c shRNAs and reevaluated the proliferation, migration and invasion abilities
of glioma cells. First, we constructed three shRNAs (shCTR9#1, shCTR9#2 and shCTR9#3) and found
shCTR9#3 owned highest e�ciency in suppressing CTR9 expression (Fig. 2A-C). Then, we cultured the
stable down-regulated CTR9 and control cell lines with lentivirus packaged by shCTR9#3 and control.
After that, we studied whether silencing CTR9 has a negative or positive effect on cell proliferation.

The EdU incorporation assay showed that the EdU-positive cells in CTR9-silenced U251 cells decreased
by 50%, while decreased by 25% in CTR9-silenced T98G cells, compared with their respective control
group (Fig. 2D and E). Also, the CCK-8 assay showed down-regulation of CTR9 suppressed cell viability in
glioma cells (Fig. 2F and G). The results above showed that CTR9 was involved in the proliferation of
human glioma cells and down-regulation of CTR9 inhibited the proliferation of glioma cells.

To explore the role of CTR9 on the migration and invasion of glioma cells, we conducted transwell assay.
The transwell migration assay (-Matrigel) indicated that down-regulation of CTR9 suppressed the cell
migration in U251 and T98G cells (Fig. 2H and I). The transwell invasion assay(+ Matrigel) showed the
number of invasive CTR9-silenced U251 and T98G cells decreased by 50% and 45%, compared to the
control group (Fig. 2J and K). Repeated results manifested that silencing CTR9 inhibits migration and
invasion of glioma cells.

Overexpression of CTR9 promotes the proliferation, migration and invasion of human glioma cells

Additionally, in order to further clarify the effect of CTR9 on glioma cell proliferation, migration and
invasion, we overexpressed GFP-CTR9 in U251 and T98G cells and explore the effects from another
angle. The expression e�ciency was testi�ed by Western blotting (Fig. 3A). EdU incorporation assay
showed that EdU-positive cells in CTR9-overexpressed U251 and T98G cells increased by 50% and 30%
compared with respective GFP group (Fig. 3B and C). Also, CCK-8 assay manifested that CTR9 promoted
the proliferating ability of U251 and T98G cells compared with the control groups. The transwell
migration assay (-Matrigel) showed that overexpression of CTR9 promoted the cell migration in U251 and
T98G cells (Fig. 3F and G). The transwell invasion (+ Matrigel) assay displayed that the number of
invading U251 and T98G cells increased by 80% and 82% after CTR9 overexpression (Fig. 3H and I).
These results suggested that CTR9 is involved in the proliferation, migration and invasion of human
glioma cells and acts as a tumor promoter.

CTR9 promotes the proliferation, migration and invasion of human glioma cells by regulating
JAK2/STAT3 pathway

Previous reports have shown that CTR9 could activate STAT3 signaling [27]. Furthermore, it is
acknowledged that JAK2/STAT3 pathway is involved in growth and motility of human cancers [28–
30].Based on these, we supposed that CTR9-mediated JAK2/STAT3 pathway may play a signi�cant role
in proliferation, migration and invasion of human glioma cells. We con�rmed our inference by Western
Blot. The results showed that STAT3 and p-STAT3 were decreased in CTR9 knockdown U251 and T98G
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cells, however, the expression of STAT3 and p-STAT3 were increased in CTR9 overexpressed U251 and
T98G cells (Fig. 4A-C). Moreover, the expression of JAK2 and p-JAK2, the upstream regulator of STAT3,
was decreased upon silencing CTR9, but enhanced upon overexpressing CTR9 (Fig. 4D-F). Furthermore,
to con�rm that CTR9 regulates STAT3 by activating JAK2, we applied JAK2 inhibitor SB1317 to conduct
the rescue experiment. As expected, overexpression of CTR9 up-regulated JAK2, p-JAK2, STAT3 and p-
STAT3. However, this up-regulation could be signi�cantly blocked by JAK2 inhibitor SB1317 (Fig. 5A-C).
The results demonstrated that STAT3 and p-STAT3 upregulation induced by CTR9 were attributed to
JAK2 and p-JAK2 activation. In addition, we conducted CCK-8 and transwell assays to con�rm this in the
presence of the JAK2 inhibitor. As the results showed, JAK2 inhibitor SB1317 blocked cell proliferation
(Fig. 5D and E), migration (Fig. 5F and G) and invasion (Fig. 5H and I). In all, the results expounded that
CTR9-meidated JAK2/STAT3 pathway could accelerate proliferation, migration and invasion of glioma
cells.

Discussion
CTR9 is a multi-functional gene that is implicated in many cellular process such as cell cycle,
transcription, neurogenesis and embryonic organogenesis [10, 11, 31, 32]. Former researches have shown
that CTR9 functions as a tumor suppressor in Wilms tumor while drives ERα-positive breast
tumorigenesis [12], which indicates that CTR9 is a potential candidate for human tumor biomarkers.
However, the expression of CTR9 and its clinical relevance in glioma patients have never been clearly
elaborated. In our present study, we detected that CTR9 was up-regulated in human glioma tissues
compared with tissues derived from normal brain. In addition, we drew a conclusion that high expression
of CTR9 was strongly associated with poor prognosis of glioblastoma patients through public database
analysis. We clari�ed that up-regulation of CTR9 in glioma cells could accelerate proliferation, migration
and invasion of glioma cells by regulating the JAK2/STAT3 pathway. These �ndings suggest that CTR9
exerts as a tumor-promoting role in glioma and is a promising therapeutic strategy in human brain
glioma.

It is widely acknowledged that silencing of speci�c tumor suppressor genes and activation of certain
oncogenes are responsible for the occurrence and malignant progression of glioblastoma [33, 34]. In
particular, JAK2/STAT3 pathway is deeply involved in the survival and motion of tumor cells [35]. The
excessive activation of JAK2 signaling in glioma is accelerated by abnormal signals from upstream
regulators [36, 37]. This usually involves any gain-of-function mutations or up-regulation of upstream
inhibitors, and, on the other hand, any loss-of function mutation or down-regulation of the upstream
inhibitors. In this study, we found that CTR9 could promote glioma cell proliferation, migration and
invasion by modulating JAK2/STAT3 pathway. That is to say, up-regulation of CTR9 may be an
signi�cant event in the development and malignant progression of human glioma.

STAT3 plays a strong inhibitory role on cell apoptosis through JAK2/STAT3 pathway and its continuous
activation of cells is deeply involved in the occurrence and progression of human malignant tumors [38].
Phosphorylated Stat3, once transferred into the nucleus, can regulate the transcription of some target
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genes involved in basic physiological functions and induce the abnormal expression of genes closely
related to cell proliferation, differentiation and apoptosis, such as Bcl-XL and c-Myc, promoting cell
proliferation and malignant transformation [39]. In the present study, we found that Stat3 and p-STAT3
were signi�cant up-regulated upon CTR9-induced activation of JAK2 pathway. Besides, the
overexpression of STAT3 and acceleration of glioma cell proliferation, migration and invasion induced by
up-regulation of CTR9 could be distinctly blocked by JAK2 inhibitor.

Taken together, we a�rmed the association between the CTR9-mediated JAK2/STAT3 pathway and the
malignant behaviors of glioma. Our �ndings provided a basis for early diagnosis, potential therapeutic
target and prognosis evaluation in glioma. However, more sequent researches are urgent to be conducted
to clarify the precise mechanisms of CTR9 mediated activation of JAK2/STAT3 pathway in human
glioma.
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Figure 1

Expression of CTR9 in human glioma tissues. A, CTR9 mRNA is overexpressed in both LGG and GBM,
compared to normal brain tissues. B, Kaplan-Meier analysis reveals high expression of CTR9 is related to
poor survival time. C, Western blotting was used to detect the protein levels of CTR9 in non-tumor brain
tissues (6 cases) and human glioma tissues (8 cases for Grade II, 8 cases for Grade III and 6 cases for
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Grade IV). D, Statistical diagram of CTR9 expression in normal brain tissues and glioma tissues. *P<0.05,
**P<0.01.

Figure 2

Down-regulation of CTR9 inhibits glioma cell proliferation, migration and invasion. A-C, Western blot
showed shCTR9#3 had the best silencing e�ciency of 3 shRNAs. D and E, EdU incorporation assay
demonstrated that the proliferation of U251 and T98G cells was suppressed after down-regulation of
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CTR9, compared with the control group, scale bars: 100 μm. F and G, CCK-8 assay reached the similar
conclusion as EdU that down-regulation of CTR9 inhibited cell viability of U251 and T98G cells. H and I,
Transwell (-Matrigel) assay showed that silencing CTR9 suppressed migration of U251 and T98G cells,
scale bars: 500 μm. J and K, Transwell (+Matrigel) assay indicated that silencing CTR9 suppressed
invasion of U251 and T98G cells, scale bars: 500 μm. *P<0.05, **P<0.01.

Figure 3
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Overexpression of CTR9 promotes glioma cell proliferation, migration and invasion. A, Western blot
con�rmed successful overexpression of CTR9 in U251 and T98G cells. B and C, EdU incorporation assay
demonstrated that the proliferation of U251 and T98G cells was promoted after overexpression of CTR9,
compared with the control group, scale bars: 100 μm. D and E, CCK-8 assay showed that overexpression
of CTR9 accelerated cell viability of U251 and T98G cells. F and G, Transwell (-Matrigel) assay showed
that overexpressing CTR9 promoted migration of U251 and T98G cells, scale bars: 500 μm. H and I,
Transwell (+Matrigel) assay indicated that overexpressing CTR9 promoted invasion of U251 and T98G
cells, scale bars: 500μm. *P<0.05, **P<0.01, ***P<0.001.
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Figure 4

CTR9 regulates JAK2/STAT3 pathway. A-C, Western blotting assay showed that the expression levels of
JAK2, p-JAK2, STAT3 and p-STAT3 in U251-shCTR9#3 and T98G-shCTR9#3 cells were signi�cantly
suppressed than those in the control group, respectively. D-F, Western blotting assay con�rmed that the
expression levels of JAK2, p-JAK2, STAT3 and p-STAT3 in U251 GFP-CTR9 and T98G GFP-CTR9 cells
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were signi�cantly overexpressed than those in the control group, respectively. *P<0.05, **P<0.01,
***P<0.01.

Figure 5

SB1317 notably blocks CTR9 overexpression-induced up-regulation of JAK, p-JAK2, STAT3 and p-STAT3,
as well as proliferation, migration and invasion of glioma cells. A-C, Up-regulation of JAK, p-JAK2, STAT3
and p-STAT3 induced by CTR9 overexpression was effectively inhibited by the JAK2 inhibitor SB1317. D-I,
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Rescue experiments showed JAK2 inhibitor SB1317 signi�cantly blocked the proliferation, migration and
invasion of glioma cells induced by CTR9 up-regulaiton.*P<0.05, **P<0.01.


