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PLCXD3-ALK, a novel ALK rearrangement in lung squamous cell 
carcinoma and its clinical responses to ALK inhibitors
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Background: Lung cancer is the leading cause of cancer-related death worldwide, of which anaplastic 
lymphoma kinase fusion positive (ALK+) non-small cell lung cancer (NSCLC) accounts for 3-7. Here, we 
identified a new fusion gene PLCXD3-ALK (P1, A19) from a patient with advanced lung squamous cell 
carcinoma (LUSC) by next-generation sequencing (NGS). We aimed to evaluate its oncogenic potential by 
performing functional studies in vitro and tumorigenicity in vivo of this fusion protein.
Methods: We performed functional experiments in NIH-3T3 cells with stable expression of PLCXD3-
ALK including soft agar colony formation assay, cell proliferation and viability assays, and transwell assay. 
The activation of downstream pathways and the response to ALK inhibitors crizotinib and alectinib were 
demonstrated by western blotting (WB). In addition, we further evaluated the tumorigenicity of the 
PLCXD3-ALK mutants in nude mice.
Results: Similar to EML4-ALK, the PLCXD3-ALK fusion promoted proliferation and the capacity for non-
anchorage-dependent growth of NIH-3T3 cells. We demonstrated that PLCXD3-ALK can activate ALK 
self-phosphorylation and downstream pathways, which could be inhibited by the addition of ALK inhibitors. 
Moreover, we observed that this gene could provoke oncogenic transformation in nude mice. Meanwhile, the 
patient was monitored for disease progression with computed tomography (CT) scanning during treatment 
with alectinib, and a benefit was observed.
Conclusions: We identified and functionally validated PLCXD3-ALK as a novel rare fusion in NSCLC 
that has not been previously reported. It can serve as a meaningful therapeutic target for ALK inhibitors of 
ALK+ NSCLC.

Keywords: Non-small cell lung cancer (NSCLC); PLCXD3-ALK fusion; anaplastic lymphoma kinase inhibitors 

(ALK inhibitors); targeted therapy
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Introduction

Lung cancer has been widely concerned due to its high 
morbidity and mortality, of which non-small cell lung 
cancer (NSCLC) accounts for 85% (1). Rearrangements 
of the anaplastic lymphoma kinase (ALK) gene account for 
approximately 3–7% of NSCLC, with the most common 
fusion partner being EML4 (2). The 5' partner might 
influence the intrinsic properties of the fusion protein 
through changing the kinase activity, protein stability, 
transformative potential, and drug sensitivity in vitro (3).  
Different ALK fusion proteins can mediate different signaling 
pathways, resulting in different sensitivity and resistance to 
ALK tyrosine kinase inhibitors (TKIs) (4). Small molecule 
TKIs blocking the aberrant ALK signaling pathway and 
binding to tyrosine kinase receptors have been shown to be 
an effective way to inhibit the growth of ALK+ cancer cells (5).  
ALK TKIs have emerged as the standard treatment for 
patients harboring ALK gene rearrangements in advanced 
NSCLC. With the advancement of ALK TKIs, there 
are now three generations of these targeted therapies (6).  
The first-generation drug, crizotinib, revolutionized the 
treatment landscape (7). Subsequently, second-generation 
TKIs such as brigatinib, alectinib, ceritinib, and ensartinib 

were developed to overcome resistance issues, showing 
improved patient outcomes in clinical trials. The third-
generation TKI, lorlatinib, which has also demonstrated 
remarkable efficacy and safety profiles in clinical studies 
(8,9). These agents have been approved for the first-line 
treatment of ALK+ advanced NSCLC, offering patients 
a spectrum of treatment options tailored to their specific 
needs and therapeutic responses (10). In a recent study, the 
fourth-generation ALK inhibitor NVL-655 demonstrated 
potent inhibitory effects against a range of ALK resistance 
mutations, including the G1202R mutation. NVL-655 
shows high brain penetration, making it effective for patients 
with brain metastases. Additionally, it exhibits minimal 
inhibition of the f tropomyosin receptor kinase (TRK) 
family, potentially reducing TRK-related central nervous 
system side effects (11). Previously, a total of 92 ALK fusion 
partners identified until 2020 were summarized by Ou  
et al. (12). We further summarized the ALK fusion partners 
newly discovered in lung cancer patients including 44 ALK 
fusion partners and 13 intergenic rearrangements to ALK 
(Table 1). Overall, about 136 distinct ALK fusion partners 
have been identified in literatures (by the end of March 
2024). Most of these novel ALK fusion variants were shown 
to be ALK+ by immunohistochemistry (IHC) and the 
patients who harbored these ALK arrangements had been 
reported to be obviously sensitive to ALK TKIs (Table 1).  
ALK fusions result in ligand-independent dimerization 
and hyperactivation of pro-mitogenic and anti-apoptotic 
signaling including JAK-STAT, PI3K-AKT, and RAS-
MAPK pathways. Each of these pathways plays a crucial 
role in regulation of various cellular processes, including 
proliferation, survival, differentiation, and migration (13-15).  
In our clinical setting, we identified a novel ALK fusion 
partner, PLCXD3, in a NSCLC patient by next-generation 
sequencing (NGS). Subsequently, we demonstrated that 
the PLCXD3-ALK fusion gene had similar kinase activity 
to EML4-ALK through in vitro functional experiments and  
in vivo tumor-forming experiments. The patient with 
PLCXD3-ALK fusion was dramatically sensitive to ALK 
inhibitors, which further manifested that PLCXD3-ALK 
is an available therapeutic target for ALK inhibitors. 
We present this article in accordance with the ARRIVE 
reporting checklist (available at https://jtd.amegroups.com/

Highlight box

Key findings 
•	 A new rare anaplastic lymphoma kinase (ALK) fusion, PLCXD3-

ALK, was identified in a lung squamous cell carcinoma patient. 
PLCXD3-ALK is a potential therapeutic target for ALK inhibitors, 
as demonstrated in vitro and in vivo.  

What is known and what is new? 
•	 ALK gene rearrangements account for 3–7 of non-small cell lung 

cancer, with an increasing number of rare ALK fusions detected. 
These fusions can activate different signaling pathways, affecting 
sensitivity and resistance to ALK inhibitors.

•	 Our study showed that PLCXD3-ALK exhibits similar functional 
characteristics to EML4-ALK through in vitro and in vivo 
experiments.

What is the implication, and what should change now?
•	 PLCXD3-ALK is a viable therapeutic target for ALK inhibitors, 

and its inclusion in clinical diagnosis and targeted therapy 
protocols is recommended.
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article/view/10.21037/jtd-24-1428/rc) (16).

Methods

Clinical sample

The patient had signed an informed consent form to agree 
to the collection of specimens and genetic testing. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Ethics Committee of Tianjin Medical University 
Cancer Institute and Hospital (No. bc20240063) and 
informed consent was taken from the patient. NGS testing 
was conducted by the Center for Precision Cancer Medicine 
& Translational Research of Tianjin Medical University 
Cancer Institute and Hospital. During the therapy, 
tumor size, and peripheral obstructive inflammation were 
monitored dynamically using computed tomography (CT) 
scans every 2–3 months.

Cell culture

The cell line NIH-3T3 was purchased from Wuhan 
Pricella Biotechnology Co., Ltd. (Wuhan, China). The 
293T was obtained from the American Type Culture 
Collection (ATCC). Both NIH-3T3 and 293T were 
cultured in Dulbecco’s  modif ied Eagle’s  medium 
(DMEM) supplemented with 10% fetal bovine serum 
(FBS; EXCELL, Suzhou, China) and 1% penicillin and 
streptomycin (Solarbio, Beijing, China). Cells underwent 
<10 passages post-revival, were mycoplasma-free following 
monthly testing and were incubated under 37 ℃, 5% CO2. 
Prior to performing experiments such as western blotting 
(WB), cell proliferation, and viability assays, cells were 
serum-starved for 24 hours.

Construction of stable cell lines

The pLVX-IRES-Puro-PLCXD3-ALK, pLVX-IRES-
Puro-EML4-ALK, and corresponding pLVX vector 
constructs were engineered by GENEWIZ (a division 
of Azenta Life Sciences, Suzhou, China). To generate 
lentivirus, 293T cells were co-transfected with pLVX-puro 
EML4-ALK or PLCXD3-ALK plasmids and packaging 
plasmids using Lipo2000 Transfection Reagent (Thermo 
Fisher Scientific, Waltham, MA, USA). Forty-eight hours 
post-transfection, the virus-containing supernatant was 
harvested. These lentiviruses were then administered to the 

NIH-3T3 cells for transfection for 48 hours, followed by 
selection with puromycin (2 μg/mL). Thereafter, transduced 
cells were used for further analysis.

IHC of the stable cell lines

Cell culture slides were prepared in advance. After blocking 
endogenous peroxidase activity, the primary antibody was 
applied overnight at 4 ℃. The sections were incubated with 
anti-ALK rabbit polyclonal antibody (Proteintech #24184-
1-AP; Proteintech, Wuhan, China) at 4 ℃ overnight. They 
were then incubated with secondary antibody for 30 min 
at room temperature. The sections were counterstained 
with diaminobenzidine (DAB) for 3 min followed by the 
appearance of brown staining. Hematoxylin was applied 
to stain the nucleus for 10 min. Cytoplasmic staining was 
considered positive for ALK.

WB analysis

Cells were lysed in radioimmune precipitation assay (RIPA) 
buffer containing proteinase inhibitor cocktail (Roche, Basel, 
Switzerland) and one phosphatase inhibitors (Thermo Fisher 
Scientific). Quantify the lysate using the Pierce BCA Protein 
Assay Kit (Thermo Fisher Scientific). Total proteins were 
separated with sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gels, and transferred onto a 
polyvinylidene fluoride (PVDF) membrane. The membrane 
were incubated with primary antibodies overnight at 4 ℃. 
The antibodies used were purchased from Cell Signaling 
Technology (Beverly, MA, USA) [human phosphorylated 
ALK (pY1604) (#3341s), ALK (#3633s), phosphorylated ERK 
(#4370s), ERK (#4695s), phosphorylated STAT3 (#9145s), 
STAT3 (#9139s), phosphorylated AKT (#4060s), and AKT 
(#9272s)]. The glyceraldehyde 3-phosphate dehydrogenase 
(GADPH) antibody was from Abclonal (Wuhan, China) 
(#AC033). Then, the secondary antibody was used to 
incubate for 60 min at room temperature. Finally, specific 
proteins were detected using Western Lightning Plus-ECL 
(Millipore Corporation, Billerica, MA, USA).

Soft agar colony formation assay

One low melting point agarose (containing 20% FBS in 
DMEM) was placed on the bottom of the culture plate and 
solidified at room temperature for 30 min. Next, 0.7% low 
melting point agarose (containing 20% FBS in DMEM) 

https://jtd.amegroups.com/article/view/10.21037/jtd-24-1428/rc
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was applied to suspended cells and then gently added the 
suspension to the bottom. The plates were cultured under 
37 ℃, 5% CO2 for 3 weeks. Colonies larger than 50 µm 
were counted and analyzed. The experiment was repeated 
three times.

Cell proliferation and cell viability assays

Culture cells under starvation conditions for 24 hours. 
1×103 cells/well in 96-well plates were cultured for 24 hours 
before exposure to various concentrations of drugs for  
72 hours. Cell counting kit-8 (APExBIO #K1018; 
APExBIO, Houston, TX, USA) reagent was added to each 
well according to the manufacturer’s instructions. Each 
assay was repeated three times.

Transwell assay

Transwell chambers with or without Matrigel were used 
to perform cell invasion or migration assays. 3×104 cells 
suspended in serum-free DMEM medium were added 
to the upper chamber of each 24-well culture inserts and 
DMEM with 20% FBS was placed to the lower chamber. 
The cells were incubated at 37 ℃ for 24 hours, then we 
removed the cells retained on the upper side of the chamber, 
and the cells pass through the membrane were fixed in 
four paraformaldehyde and stained with crystal violet, the 
migrated or invaded cells were counted and analyzed.

In vivo experiments

Six-week-old nude mice (Gempharmatech Co., Ltd., 
Nanjing, China) were maintained in a specific pathogen-
free animal facility. The mice were randomly divided into 
seven groups and subcutaneously implanted into the back 
region with 1×107 cells. The mice were orally administered 
vehicle, crizotinib (50 mg/kg/2 days, Selleck, Houston, 
TX, USA), or alectinib (10 mg/kg/2 days, Selleck) after 
tumor formation. Tumor volume were measured every 3 
days and calculated as follows: tumor volume = π × (width)2 
× length/6. The mice were euthanized at the end of the 
experiment or when the humane endpoints of animal ethics 
were reached. Experiments were performed under a project 
license (No. 2024006) granted by the Animal Care and Use 
Committee of Tianjin Medical University Cancer Institute 
and Hospital, in compliance with institutional guidelines for 
the care and use of animals.

Statistical analysis

Two-tailed Student’s unpaired t-test and analysis of variance 
(ANOVA) were used to compare the differences of average 
values in vitro experiments and the size of xenografted 
tumors in vivo. Data were expressed as the mean ± standard 
deviation (SD). A two-sided P value <0.05 was considered 
to indicate statistical significance.

Results

Detection of a rare ALK fusion

A 45-year-old non-smoking female patient was diagnosed 
with stage IV lung squamous cell carcinoma (LUSC). IHC: 
P40 (+), P63 (+), CK5/6 (+), CK7 (−), TTF1 (−), NapsinA 
(−) (Figure 1A). Then, the NGS testing of the tumor was 
performed, and the mutation profile revealed the presence 
of a novel rearrangement between chromosomes 2 and 
5, with a mutation allele frequency of 45.99 (Figure 1B).  
Additionally, high ALK expression was detected by 
Ventana IHC-ALK (D5F3) assay and fluorescence in situ 
hybridization (FISH) of ALK further confirmed ALK 
rearrangement (Figure 1C,1D). This fusion gene was 
composed of exon 1 of PLCXD3 and exons 19–29 of ALK, 
which retained the kinase domain of ALK, and was presumed 
to lead to oncogenic activation of ALK (Figure 1E).  
To identify that PLCXD3-ALK was the driving force in 
tumor progression, we further performed functional studies 
of this fusion protein.

PLCXD3-ALK activates downstream signaling pathways

To investigate the oncogenic function of PLCXD3-ALK, 
we constructed expression plasmids for PLCXD3-ALK and 
EML4-ALK. Next, we established NIH-3T3 cells that stably 
expressed PLCXD3-ALK (PLCXD3-ALK/3T3), EML4-
ALK variant 1 (positive control, EML4-ALK/3T3), ALK 
WT(negative control, ALK WT/3T3) and the pLVX-IRES-
Puro vector only (mock) transfected cells (pLVX/3T3). By 
comparing PLCXD3-ALK’s function with that of the EML4-
ALK fusion, we aimed to assess the importance of PLCXD3 
as a novel fusion protein. To demonstrate that ALK 
expression occurred in ALK-rearranged cells, we observed 
that the ALK WT/3T3, PLCXD3-ALK/3T3 and EML4-
ALK/3T3 cells were positive for ALK by IHC, whereas 
the mock cells were negative (Figure 2A). We observed the 
phosphorylation of the ALK kinase domain Tyr1604 site 
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Figure 1 Histological findings from biopsy specimen and identification of the PLCXD3-ALK fusion in a lung cancer patient. (A) 
Pathological examination of the patient. HE staining was performed to evaluate the histopathological features of tumor tissues. IHC staining 
of tumor tissue showed positive for CK5/6, P40, P63 and negative for CK7, Napsin A, TTF-1 (×10), which showed squamous cell lung 
cancer. (B) PLCXD3-ALK fusion in the present case visualized using the IGV. (C) Ventana IHC-ALK (D5F3) detection of ALK expression 
(×10). (D) FISH analysis utilizing the ALK split apart probe, demonstrating distinct split signals suggestive of a rearrangement of the ALK 
gene. Images were captured using a Leica DM5500B fluorescence microscope and analyzed with CytoVision software. The green signals, 
orange signals and yellow signals represent the 5'-ALK gene, 3'-ALK, and intact ALK gene respectively. (E) Hypothesized structure of the 
dimerized PLCXD3-ALK fusion protein. PLCXD3 contains a PI-PLC X-box domain [22–197] (upper panel). Residues corresponding to 
PLCXD3 and ALK were shown. Protein domain diagrams illustrating the preservation of the C-terminal tyrosine kinase domain of ALK in 
the PLCXD3-ALK fusion protein (middle panel). The structure of the native human ALK receptor protein-tyrosine kinase (lower panel). 
The extracellular segment (residues 19–1,038) of ALK contains two MAM components (264–427 and 480–626), and an LDLa domain 
[453–471]. A transmembrane segment (residues 1,039–1,059) connects the extracellular domain with the intracellular domain [1,060–1,620], 
which contains the PK domain [1,116–1,392]. HE, hematoxylin and eosin; ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry; 
IGV, Integrative Genomics Viewer; FISH, fluorescence in situ hybridization; MAM, mitochondria-associated membrane; PK, protein 
kinase.
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in both PLCXD3-ALK/3T3 and EML4-ALK/3T3 cells, 
indicating that both ALK fusion proteins were constitutively 
activated (Figure 2B). Next, we analyzed the downstream 
signaling pathways that might be affected by the PLCXD3-
ALK fusion. The results indicated that in NIH-3T3 cells 
transfected with PLCXD3-ALK and EML4-ALK, there was a 
significant increase in the phosphorylation of STAT3, AKT, 
and ERK compared to cells transfected with the empty 
vector (Figure 2C).

Oncogenic properties of PLCXD3-ALK

Next, we used a soft agar colony formation assay to 
determine whether the 5' partner, PLCXD3, affects 
transformation and proliferation. As expected, the NIH-3T3 
cells transfected with PLCXD3-ALK formed a considerable 
number of colonies in soft agar. Although the number of 

colonies was less than that of the NIH-3T3 cells transfected 
with EML4-ALK, it was still sufficient to show their capacity 
for non-anchorage-dependent growth. In contrast, the cells 
expressing the empty vector did not generate a comparable 
number of colonies (Figure 3A). Similarly, in the cell 
proliferation assay, we also observed similar results, with 
the transfection of PLCXD3-ALK significantly enhancing 
the proliferation capacity of NIH-3T3 cells (Figure 3B). 
Moreover, this proliferative capacity can be significantly 
inhibited by ALK TKIs (Figure 3C). We assessed cell 
viability following treatment with varying concentrations of 
ALK TKIs. The results demonstrated that PLCXD3-ALK 
and EML4-ALK exhibit comparable sensitivity to alectinib 
and crizotinib (Figure 3D). Furthermore, our findings from 
the transwell assay demonstrated a significant enhancement 
in the in vitro migration and invasive capacity of cells 
expressing PLCXD3-ALK than that of the negative control 

Figure 2 PLCXD3-ALK activated downstream signaling pathways. (A) ALK IHC images of transfected cells using the ALK antibody. 
Images were captured using an Olympus microscope. (B) Self-phosphorylation and (C) activation of downstream signaling pathways by the 
PLCXD3-ALK fusion. Cell lysates were subjected to SDS-PAGE and immunoblotting analysis with specific antibodies. Experiments were 
repeated three times. Once representative experiment is shown here. ALK, anaplastic lymphoma kinase; WT, wild type; p-, phosphorylated-; 
GADPH, glyceraldehyde 3-phosphate dehydrogenase; IHC, immunohistochemistry; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis.
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Figure 3 Oncogenic properties of PLCXD3-ALK. (A) Increased colony formation in a soft agar assay of NIH-3T3 cells expressing PLCXD3-
ALK compared with cells expressing EML4-ALK or pLVX vector only (mock). The scanned images of the resulting colonies are shown. (B) 
The effect of expressing PLCXD3-ALK or EML4-ALK on cell proliferation. (C) Cell proliferation was inhibited by the small-molecule 
ALK TKIs, crizotinib and alectinib. Cell growth curves of the indicated groups by cell counting kit-8 assay. The OD was measured at 450 nm  
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using a microplate reader. Experiments were performed in triplicate. Two-way ANOVA was used to statistically analyze growth rate (B) and 
cell viability (C) between groups. (D) NIH-3T3 cells expressing PLCXD3-ALK or EML4-ALK were cultured in the absence or presence of 
crizotinib or alectinib at indicated concentrations. Cell viability was determined by cell counting kit-8 assay (450 nm). (E) Cell migration 
and invasion through a transwell chamber of the indicated groups and their associated quantification. The migrated or invaded cells were 
stained with crystal violet. Data shown are representative of three independent experiments presented as mean ± standard error of the mean. 
****, P<0.0001. ALK, anaplastic lymphoma kinase; TKIs, tyrosine kinase inhibitors; OD, optical density; ANOVA, analysis of variance.

(Figure 3E). Then, after treating the cells with crizotinib 
or alectinib for 24 hours, we assessed the impact of these 
inhibitors on the ALK signaling pathway. The results 
indicated that treatment of PLCXD3-ALK-transfected cells 
and EML4-ALK-transfected cells with ALK TKIs (crizotinib 
and alectinib) resulted in the decrease of phosphorylated 
ALK. Following cell starvation treatment, the use of 
inhibitors significantly reduced the phosphorylation 
levels of downstream targets, including ERK, AKT, and 
STAT3 (Figure 4). The data suggested that PLCXD3-ALK 
could conduct self-phosphorylation and further activate 
downstream signaling pathways.

Tumorigenicity of PLCXD3-ALK in vivo and the ALK 
TKIs inhibites tumor growth in a PLCXD3-ALK 
xenograft model

We further evaluated the tumorigenicity of the PLCXD3-
ALK mutants by inoculating PLCXD3-ALK/3T3 cells, 
EML4-ALK/3T3 cells, and control vector-transfected 
NIH-3T3 cells into nude mice, respectively. The PLCXD3-
ALK group formed subcutaneous tumors in 8 days after 
inoculation (15 out of 15 inoculations), whereas the mock 
(cells transfected with pLVX vector only) did not (0 out 
of 5 inoculations) (Figure 5A). After oral treatment with 
crizotinib (50 mg/kg/2 days) or alectinib (20 mg/kg/2 days), 
tumor growth was significantly inhibited. Compared to 
the control group, mice treated with ALK TKIs showed a 
marked reduction in tumor volume and mass by the end of 
the study (day 15) (Figure 5B-5D).

PLCXD3-ALK represents a potential therapeutic target

Upon identifying the PLCXD3-ALK fusion in the patient’s 
tumor and observing its structural similarity to other 
defined ALK fusions, the patient was orally administered 
alectinib, twice per day at a dose of 600 mg. After 1 month 
of treatment, there was a significant reduction in the size 
of the lung tumor mass and the surrounding obstructive 
inflammation. As treatment continued, follow-up chest 

CT scans showed further reduction in the lesion area. 
Efficacy evaluation in accordance with RECIST was partial 
response (PR) (Figure 5E). However, after 6 months into 
treatment, the CT scan showed little change in tumor size 
(Figure 5E), and multiple metastatic lesions were observed 
in the brain via magnetic resonance imaging (MRI). Soon 
after, the patient developed prominent symptoms of brain 
metastasis. The pathology indicated that the metastasis was 
from lung cancer, further confirming the development of 
alectinib resistance. Subsequently, the patient was switched 
to lorlatinib, a more potent third-generation ALK TKI, for 
treatment and the patient is currently under follow-up.

Discussion

The ALK gene is located on chromosome 2p23.2 and 
encodes an enzymatic protein known as ALK tyrosine kinase 
receptor or CD246. This protein consists of an extracellular 
domain [19–1038], a hydrophobic stretch corresponding to 
a single-pass transmembrane region [1039–1059], and an 
intracellular kinase domain [1060–1620] (17). In NSCLC, 
the fusion mutation of ALK is a crucial biological feature, 
which forms complex dimerization with other multiple 
protein fragments (18). Novel rare ALK fusion partner 
genes (e.g., SLC34A2, LIMS1, and SDK1) continue to 
be discovered recently. This diversity of fusion proteins 
endows tumor cells with unique biological characteristics, 
thereby affecting the clinical treatment response of patients. 
Previous research has found that different ALK fusion 
mutations correspond to varying sensitivities to ALK TKIs. 
These inhibitors were designed to target ALK activity, 
but only the ALK activation caused by specific fusion 
mutations can be effectively inhibited by these drugs (19). 
In this research, we identified a novel ALK fusion partner, 
PLCXD3, which was found on chromosome 5 (5p13.1). 
Phosphoinositide-specific phospholipase C (PLC) plays a 
key role in initiating signal transduction and generating two 
secondary messengers including inositol 1,4,5-trisphosphate 
(IP3) and diacylglycerol (DAG) (20). Depending on their 
structure and activation mechanism, PLC isozymes are 
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Figure 4 The decrease of phosphorylated ALK and its downstream targets by ALK TKIs. (A) The changes in ALK autophosphorylation 
levels and (B) the phosphorylation levels of downstream STAT3, AKT, and ERK after treatment with DMSO (vehicle control) or alectinib. (C) 
The changes in ALK autophosphorylation levels and (D) the phosphorylation levels of downstream STAT3, AKT, and ERK after treatment 
with DMSO (vehicle control) or crizotinib. Cell lysates were subjected to SDS-PAGE and immunoblotting analysis with specific antibodies 
as indicated. Results shown are representative of two independent experiments. ALK, anaplastic lymphoma kinase; p-, phosphorylated-; 
GADPH, glyceraldehyde 3-phosphate dehydrogenase; TKIs, tyrosine kinase inhibitors; DMSO, dimethyl sulfoxide; SDS-PAGE, sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis.

divided into several subclasses. PLCXD3, also known 
as PI-PLC X domain-containing protein 3, is a protein 
composed of 321 amino acids and contains a PI-PLC X-box 
domain which is conserved in many PLC isozymes from 
prokaryotes to mammals. The X-box domain is essential for 
the catalytic activity of PLC proteins. PLCXD3 is a target 
of D5S430, which is a potential prognostic marker for the 
survival of patients with the rectal tumor who have not 
received preoperative treatment (21). The fusion partners 
of ALK play a pivotal role in mediating dimerization and 
constituting the ALK signaling pathway. For example, 
nucleophosmin (NPM) and EML4 can mediate ligand-
independent dimerization of the ALK fusion proteins, which 
leads to the activation of the protein kinase domain (22).  

Besides, these fusion partners possess a coiled-coil structure, 
which is also a factor contributing to the constitutive 
activation of their intracellular kinase domains in various 
malignant tumors (23). In the NIH-3T3 cells stably 
expressing the PLCXD3-ALK fusion, ALK underwent 
self-phosphorylation, which was similar to that observed 
in cells expressing EML4-ALK. We also investigated the 
carcinogenic potential of PLCXD3-ALK and revealed that 
cells expressing PLCXD3-ALK demonstrated a marked 
augmentation in colony formation compared to cells 
transfected with the control vector. Previous investigations 
have revealed that the administration of ALK inhibitors 
effectively inhibits the proliferation and induces apoptosis 
in NSCLC cell lines expressing the EML4-ALK (24). Our 
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Figure 5 Tumorigenicity of PLCXD3-ALK in vivo and inhibition of tumor growth by ALK TKIs. (A) Diagram of mice experiment. (B) Mice 
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study further indicated that the application of ALK kinase 
inhibitors, including crizotinib and alectinib, significantly 
impaired the proliferative potential of PLCXD3-ALK/3T3 
cells. Concurrently, the treatment significantly diminished 
the phosphorylation of downstream signaling pathways, 
including ERK, AKT, and STAT3 in NIH-3T3 cells stably 
expressing PLCXD3-ALK, which confirmed that JAK/
STAT3, PI3K/AKT, and RAS/MAPK signaling pathways 
functioned as the downstream targets of PLCXD3-ALK. 
The oncogenic potential of the PLCXD3-ALK mutant was 
also evaluated in vivo. NIH-3T3 cells stably transfected 
with the PLCXD3-ALK mutant demonstrated a significantly 
increased tumor-forming capacity. Furthermore, similar to 
the EML4-ALK group, the tumor volume in the PLCXD3-
ALK group significantly decreased after treatment with 
crizotinib and alectinib.

Researches had shown that ALK gene rearrangements 
were predominantly encountered in lung adenocarcinomas, 
while ALK+ LUSC represented a comparatively rare 
subset (25). A previous cohort study on Asian patients 
had demonstrated that ALK gene fusion mutations were 
extremely rare in LUSC, with an incidence rate of only 
0.2–2.5 (26). Similarly, in the ALK fusions that we have 
summarized, the pathological type was mostly lung 
adenocarcinoma (Table 1). Further observation of treatment 
efficacy revealed that patients with ALK-mutated LUSC 
exhibited significantly shorter progression-free survival 
(PFS) when treated with ALK TKIs, compared to the 
patients treated with similar agents (27). In a single-center 
study involving 31 patients with ALK+ LUSC, 20 patients 
received ALK inhibitors as first- or second-line therapy. The 
median PFS was 6.4±4.4 months, which was significantly 
lower than the efficacy observed with ALK inhibitors 
in ALK-positive lung adenocarcinoma patients (28).  
Another study involving six patients with LUSC harboring 
an EML4-ALK rearrangement reported a PFS of 2.8 months  
(range, 1.8–6.3 months) and an overall survival (OS) of 
8.3 months (range, 3.2–32.1 months) for those treated 
with ALK inhibitors as first- or second-line therapy (29). 
Our study, which included a patient with the PLCXD3-
ALK fusion mutation (P1, A19), produced similar results. 

Although the PFS for this LUSC patient treated with ALK 
inhibitors was approximately 6 months, we confirmed that 
PLCXD3-ALK is a target sensitive to ALK inhibitors. In 
the future, PLCXD3-ALK could be considered a robust 
fusion mutation comparable to EML4-ALK in lung 
adenocarcinoma patients. We plan to further collect data 
on lung adenocarcinoma patients with the PLCXD3-
ALK fusion mutation and conduct functional validation to 
confirm the role of PLCXD3-ALK.

Until now, despite that iterative generations of ALK 
TKIs have achieved some success, the durability of response 
remains limited by drug resistance (30). Approximately 
half of patients with ALK+ NSCLC who receive first-
line alectinib treatment will experience a relapse, which 
is an unfortunate but anticipated consequence of tumor 
evolution and drug resistance development. The molecular 
mechanisms of resistance to ALK-TKIs can be roughly 
divided into two categories: one is related to target gene 
mutations, such as ALK resistance mutations and ALK 
gene amplification, the other is the abnormal activation 
of signaling pathways such as EGFR, KIT, IGF-1R, SRC, 
MEK/ERK (31). According to previous research, ALK 
G1202R is the most common resistance mutation in ALK 
after treatment with second-generation ALK inhibitors. 
In addition, other ALK resistance mutations including 
I1171T/S, V1180L, and L1196M also account for a certain 
proportion. However, for the case reported in our research, 
no NGS of the tumor tissue and circulating tumor DNA 
(ctDNA) monitoring were performed after relapse, so 
whether this patient had resistance mutations remained 
unknown. In this study, we validated the functional 
characteristics of PLCXD3-ALK through in vitro and in vivo 
experiments, establishing it as a viable therapeutic target 
for ALK inhibitors. However, we did not directly assess 
the activity of the ALK kinase domain, and the observed 
treatment outcome was limited to a 6-month follow-up for 
this patient. In future work, we plan to continue monitoring 
the patient’s clinical progression and further investigate 
this novel ALK fusion to provide additional evidence for 
its inclusion in clinical diagnostic and targeted therapy 
protocols.

final tumor weight. (E) Radiological features before and after therapy. The CT scans of the patient before therapy and after approximately 
1, 3, and 6 months of treatment with alectinib. PR is typically defined as a reduction in tumor size by at least 30, with this reduction being 
sustained for a period. The region indicated by the arrow represents the tumor mass identified on the CT scan. ***, P<0.001; ****, P<0.0001. 
ALK, anaplastic lymphoma kinase; TKIs, tyrosine kinase inhibitors; CT, computed tomography; PR, partial response.
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Conclusions

In summary, our study conf﻿﻿irmed that the novel ALK fusion, 
PLCXD3-ALK, displayed similar functional characteristics 
to the EML4-ALK fusion protein. Consistent results from 
in vitro functional studies and clinical observations suggest 
that this fusion gene is a viable therapeutic target for ALK 
inhibitors. Therefore, incorporating PLCXD3-ALK into 
clinical diagnosis and targeted therapy protocols would be 
beneficial.
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