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Background & Objective:  Glioblastoma multiforme (GBM) is one of the most 

aggressive primary brain tumors and is characterized by a poor prognosis and 

limited therapeutic options. Protein tyrosine phosphatase receptor type Z1 

(PTPRZ1) is overexpressed in GBM and represents a promising target for 

immunotherapeutic intervention. 

 Materials & Methods:  In the present study, Fc-fusion technology was employed to 

enhance the stability and potentially improve the functional activity of the recombinant 

protein. A PTPRZ1 fragment was inserted into the pET28a expression vector and 

subsequently transformed into E. coli BL21 (DE3) cells using the heat-shock method. 

Recombinant protein expression was optimized by evaluating different induction 

times (2, 4, and overnight), using an IPTG concentration of 1 mM, and incubating the 

cultures at 37°C for initial growth and induction. Recombinant protein expression in 

E. coli BL21 (DE3) was confirmed by SDS-PAGE, Bradford assay, and Western blot 

analysis. 

Results:  The SDS-PAGE analysis revealed a recombinant protein with an estimated 

molecular weight of about 46.3 kDa. The protein was subsequently purified under 

denaturing conditions using Ni-NTA affinity chromatography. The insoluble fraction 

exhibited the highest protein concentration, approximately 700 µg/mL, as determined 

by the Bradford assay at 595nm. Western blot analysis further confirmed the 

recombinant protein, with an approximate molecular weight of 46.3 kDa. 

Conclusion:  The present findings indicate that Fc-PTPRZ1 fusion proteins may 

serve as useful tools for the immunotherapy of glioblastoma; however, further in 

vivo studies are required to evaluated their immunogenicity and therapeutic 

potential. 
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1. Introduction
Glioblastoma, also referred to as glioblastoma multiforme 

is one of the most common and aggressive primary brain 

tumors in adults, accounting for approximately 15%–20% 

of all primary brain tumors (1). Its annual incidence 

ranges from 1.9 to 9.6 cases per 100,000 individuals (2, 

3). The incidence of GBM increases with age, rising 

substantially after the age of 40 and peaking among 

individuals aged 75–84 years, although most cases are 

diagnosed during the sixth and seventh decades of life. 

Globally, GBM occurs more frequently in males than in 

females, with an approximately 1.6-fold higher incidence 

in men (3). GBM arises from astrocytes, a group of star-

shaped glial cells that surround and support neurons in the 

central nervous system (CNS). GBMs, for the most part, 

display a dismal prognosis with remarkable clinical 

challenges. The World Health Organization classifies 

GBM as a grade IV astrocytoma, characterized by rapid 

growth, diffuse infiltration of the adjacent cerebral 

parenchyma, extensive angiogenesis, and pronounced 

genetic heterogeneity. The heterogeneity of GBM is the 

source of resistance to available treatments, including 

radiation, surgery, and chemotherapy (4).  Since GBM 

can start in or spread to a wide range of areas of the brain, 

a curative surgical procedure is often impossible. Indeed, 

when feasible, complete tumor removal is rarely 

achievable, and the detection of residual tumor cells is 

associated with recurrence in most patients (5). 

Subsequently, surgical methods are commonly performed 

in conjunction with radiotherapy and chemotherapy. In 

terms of chemotherapy, drugs are often designed to 

prevent cell DNA replication and tumor angiogenesis, 

such as Temozolomide (TMZ), which is the most widely 

used option for the treatment of GBM (6). The median 

survival time for patients diagnosed with GBM is only 

about 15 months (3). The blood-brain barrier (BBB), 

which plays a crucial role in maintaining the fundamental 

stability of brain tissue under normal physiological 

conditions of the CNS, also poses a notable challenge for 
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delivering therapeutic agents to GBMs, and numerous 

therapeutic compounds don’t pass through the BBB 

effectively. Unfortunately, recent treatment approaches 

have had an exceptionally limited effect on improving the 

prognosis of GBM patients. Hence, noteworthy 

challenges and opportunities lie in finding the most viable 

therapeutic choices against GBM. Since there’s no cure 

for GBM, this underscores the urgency of developing new 

treatment methods to improve patient outcomes (7).  

Immunotherapy has recently emerged as a rising star in 

the battle against cancer (8), and tumor vaccination has 

been among the most remarkable techniques for 

controlling immune responses, thereby strengthening 

local immunity and, accordingly, achieving therapeutic 

effects (9). Enhanced protein stability and extended half-

life, achieved through the incorporation of the Fc domain 

of human IgG, result in Fc-fusion proteins with significant 

therapeutic potential (10, 11). The Fc region of Fc-fusion 

proteins enables efficient, cost-effective expression and 

purification. Other Fc-fusion constructs are also 

considered important players in preclinical and clinical 

oncology settings, including Asunercept (CD95-Fc) in 

GBM (12), chlorotoxin-Fc (13), and IL-12Fc (14). 

The PTPRZ1 gene (OMIM #176891) encodes receptor-

type tyrosine-protein phosphatase zeta (PTPRZ1), a 

member of the R5 subfamily of the receptor tyrosine 

phosphatase family. It is highly overexpressed in CNS 

glial cells and has been considered a therapeutic target for 

GBM (1). The human ortholog of PTPRZ, known as 

PTPRZ1, is highly expressed in malignant gliomas (15, 

16).  PTPRZ1 overexpression has been reported in other 

cancers, including cervical, lung, renal, hepatic, and 

glioblastoma tumors. Its expression is inversely 

associated with survival in GBM patients. Inhibition of 

PTPRZ1 attenuates the harmful and pernicious properties 

of glioblastoma cells, including cell proliferation, in vitro 

motility, and in vivo tumorigenicity. The above findings 

indicate that PTPRZ1 is a potential therapeutic target for 

the management of malignant glioma.  In this context, we 

chose PTPRZ1 as a glioma-associated target (9) and 

designed, cloned, expressed, and purified a fusion 

construct comprising the Fc domain of immunoglobulin 

G1 and the antigen PTPRZ1 (Fc-PTPRZ1) in E. coli for 

potential applications in targeted GBM immunotherapy. 

2. Materials and Methods 
2.1 Bacterial Strains and Plasmids 

Recombinant protein expression was carried out using E. 

coli BL21 (DE3) (Novagen, Madison, WI, USA), a high-

yield expression strain.  

The E. coli DH5α strain was used for cloning and 

construct validation. The recombinant plasmid pET28a-

IL13-TNC-PTPRZ1, constructed and characterized in our 

previous study (17), served as the template for this work.   

Herein, only the PTPRZ1 gene was amplified from this 

plasmid by PCR and subsequently cloned into the 

pET28a-Fc expression vector, which includes the Fc 

domain of immunoglobulin G1, to generate the 

recombinant construct pET28a-Fc-PTPRZ1. 

2.2 Bacterial Culture and Storage 

A loop of bacterial cells was placed in 5 mL of Luria-

Bertani (LB) medium and incubated overnight at 37°C to 

maintain E. coli BL21 (DE3) and DH5α strains.  

After incubation, the culture was mixed with 15% 

glycerol and stored in 1.5 mL cryovials at -70°C for long-

term storage. For subsequent experiments, bacterial cells 

were grown at 37°C in 5 mL of LB medium containing 

kanamycin (50 μg/mL) under sterile conditions. 

2.3 PTPRZ1 Primer Design and Preparation 

First, we performed a gradient PCR to determine the 

optimal annealing temperature. We then amplified the 

DNA with Pfu DNA polymerase (Addbio®, Korea). 

We designed the forward and reverse primers for PTPRZ1 

using Oligo7 software (v0.4.0;29) and validated them 

with the BLAST tool 

(https://www.ncbi.nlm.nih.gov/tools/primer-

blast/index.cgi?LINK_LOC=BlastHome).  

The forward primer contained a BamHI restriction site, 

whereas the reverse primer contained an EcoRӀ site. Table 

1 indicates the primer sequences that were used in this 

study. 

 

Table 1. Primer sequences and cleavage sites of the restriction endonucleases. 

Specific Primers Sequence (5′-3′) 

PTPRZ1-fwd  contains a BamHI site  (underlined in red) ATATATGGATCCTCCTCTCGTCAGCAGGAC 

PTPRZ1-rev contains EcoRӀ site (underlined in red)   ATATATGAATTCGTGGGTGGTGGACAGCAC 

 

2.4 Preparation of competent cells 

Competent E. coli DH5α cells were generated by 

inoculating the strain into LB medium lacking antibiotics 

overnight (12 -16 h).  

The cells were inoculated in to fresh LB medium and 

allowed to grow until the OD600 reached 0.4. The culture 

was then transferred into a sterile, pre-chilled 50-mL 

centrifuge tube and centrifuged at 4000 rpm for 5 minutes 

at 4°C. The supernatant was discarded, and the cell pellets  

 

were gently resuspended in 10 mL of cold, sterile TFB1 

transformation buffer.  

The suspension was centrifuged again under the same 

conditions. Subsequently, the pellet was resuspended in 1 

mL of cold, sterile TFB2 buffer. The cell suspension was 

incubated in an ice-water bath for 15 minutes and then 

aliquoted into 1.5-mL microcentrifuge tubes at 1,000 µL 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_LOC=BlastHome
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per tube. The competent cells were stored at −70°C until 

further use. 

2.5 Preparation of vector and insert DNA 

Plasmid DNA with the template (pET28a-IL13-TNC-

PTPRZ1) was isolated from E. coli (DH5α) using the 

alkaline lysis method. The PTPRZ1 gene was PCR-

amplified with Pfu DNA polymerase. The PCR program 

began with denaturation at 94°C for 5 minutes, followed 

by 30 cycles of 94°C for 20 seconds, 64°C for 20 seconds, 

and 72°C for 45 seconds.  

A final extension was done at 72°C for 15 minutes. PCR 

products were analyzed on an agarose gel and purified 

with a commercial gel extraction kit. DNA fragments 

were purified from agarose gels through the Addbio® 

(Korea) kit, following the manufacturer’s instructions. 

The pET28a-Fc plasmid was also extracted from DH5α 

using the alkaline lysis method. This plasmid was double-

digested with EcoRI and BamHI, then purified by gel 

extraction and confirmed by agarose gel electrophoresis. 

2.6 Ligation and Transformation into E. coli DH5α 

Specifically, the PCR-amplified PTPRZ1 fragment and 

the pET28a-Fc vector were digested with BamHI and 

EcoRI at 37 °C for 2 hours. Subsequently, the reaction 

products were purified using a DNA clean-up kit. The 

insert was then ligated into the vector with T4 DNA ligase 

at 16 - 22 °C for 2 hours to generate pET28a-Fc-PTPRZ1. 

After ligation, the mixture was introduced into competent 

E. coli DH5α cells using the standard heat-shock method. 

Positive clones were identified by colony PCR with T7 

primers and confirmed by restriction digestion analysis. 

2.7 Transformation and Expression of Recombinant 

Protein in E. coli BL21 (DE3) 

The recombinant plasmid pET28a-Fc-PTPRZ1 was 

transformed into E. coli BL21 (DE3) competent cells. 

Colonies were cultured in 5 mL of LB broth supplemented 

with 50 μg/mL kanamycin at 37°C with shaking at 140 

rpm until the culture reached an OD₆₀₀ of 0.6.  

Protein expression was induced by adding 1 mM IPTG 

(Isopropyl β-d-1-thiogalactopyranoside) at 37 °C. 

Cultures were collected at 2, 4, and overnight post-

induction, centrifuged at 12,000 rpm for 1 minute, and 

pellets were stored at −20 °C for later use. 

2.8 Protein Purification 

The bacterial cells were lysed by sonication at 100% 

amplitude for 1 second at 2-second intervals, for a total of 

3 minutes. After that, the lysate was centrifuged at 13000 

rpm and 4°C for 20 minutes. The resulting protein-

enriched lysate was then subjected to denaturing 

purification using Ni-NTA affinity chromatography. To 

achieve effective extraction, the sample was dissolved in 

a buffer containing 8 M urea at pH 7.8, then loaded onto 

the chromatography column. The Fc–PTPRZ1 

recombinant protein was eluted in 30 mM and 300 mM 

imidazole solutions. The fractions were collected and 

passed through a 0.22-μm-diameter nitrocellulose 

membrane. Finally, dialysis was used overnight in PBS 

buffer (pH 7.5) at 4 °C to remove any remaining 

imidazole and other impurities (17). 

2.9 SDS-PAGE protein expression  

Recombinant protein expression was evaluated in E. coli 

BL21 (DE3) using SDS-PAGE with a 12% separating 

gel. Samples were electrophoresed at 120 V for 120 

minutes. The gel was stained with Coomassie Brilliant 

Blue R-250.  

2.10 Western blot analysis 

For Western blot analysis, SDS-PAGE was performed for 

protein separation. Then, the obtained unstained gel was 

transferred to a PVDF membrane at 100 V for 2 hours. 

We blocked the membrane with 5% skim milk in Tris-

buffered saline (TBS), then incubated it with anti-His tag 

antibody (Sigma-Aldrich, St. Louis, MO, USA) for 2 

hours at 37 °C with gentle shaking. Next, we washed the 

membrane three times with TBS-Tween (TBST) and 

incubated it with a horseradish peroxidase (HRP)-

conjugated secondary antibody. After more washes with 

TBST to remove unbound antibodies, obtained PVDF 

membrane was treated using an HRP substrate solution 

containing 3, 3′-diaminobenzidine (DAB) and 30% 

hydrogen peroxide (H₂O₂). To stop the reaction, the 

membrane was washed three times with distilled water 

(17). 

2.11 Bradford Assay 

The concentration of the purified recombinant protein was 

measured using the Bradford colorimetric assay. A 

standard curve was generated using bovine serum 

albumin (BSA) at concentrations ranging from 0 to 

20 µg/mL, and absorbance values were recorded at 595 

nm. The protein concentration in the eluted fractions was 

measured using the standard curve. 

All concentration measurements were performed three 

times to ensure reproducibility and improve data 

accuracy. 

 

3. Result 
3.1 Extraction of pET28a-IL13-TNC-PTPRZ1 

Plasmid and PCR Amplification of PTPRZ1 

Plasmid pET28a-IL13-TNC-PTPRZ1 was efficiently 

extracted from E. coli DH5α using the alkaline lysis 

method, and the expected plasmid band was observed on 

a 1% agarose gel (Figure 1A).  

In the present study, only the PTPRZ1 gene was 

specifically amplified from this plasmid and subsequently 

cloned into the pET28a-Fc vector. PCR amplification 

yielded a 465 bp fragment corresponding to the PTPRZ1 

gene, as shown in Figure 1B, and this was confirmed by 

agarose gel electrophoresis. The PCR product was then 

purified using a gel recovery kit (Figure 1C). 
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Figure 1. Extraction and PCR amplification of the PTPRZ1 fragment. (A) Agarose gel image of pET28a-IL13-TNC-PTPRZ1 fragment 

extracted by the alkaline lysis method from E. coli (DH5α). (B) Amplification of 465bp of the PTRZ1 fragment using Pfu DNA 

Polymerase (C) Gel Recovery of PCR Product. Lanes M are the size markers (1 kb DNA ladder, SINACLON Co., Cat No: SL7051). 

(Prepared by Authors, 2026). 

 

3.2 Restriction Enzyme Digestion and Ligation 

Double digestion of the PTPRZ1 fragment was performed 

using BamH1 and EcoR1 restriction enzymes to achieve 

sticky ends, resulting in a band of ~465 bp as expected 

(Figure 2A). The pET28a-Fc plasmid was also digested 

with the same enzymes (Figure 2B). 

Both the insert and vector were purified, and the ligation 

reaction was performed using T4 DNA ligase, yielding 

the recombinant construct pET28a-Fc-PTPRZ1.  

 

Figure 2. Restriction digestion of the PTPRZ1 insert and pET28a-Fc vector. (A) Agarose gel (1%) analysis of the digested PTPRZ1 

Fragment. (B) Double digestion of pET28a-Fc plasmid with BamHI and EcoRI, showing linearized plasmid and uncut control. Lane M: 

1 kb DNA ladder, SINACLON Co., Cat No: SL7051). (Prepared by Authors, 2026). 
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3.3 Colony PCR of E. coli DH5α Transformants 

Colony PCR was performed on 18 transformants of E. 

coli DH5α containing the ligation product. A band of 

approximately 1470 bp was obtained in multiple colonies, 

affirming the correct insertion of PTPRZ1 into the 

pET28a-Fc vector (Figure 3A). 

Colonies 10 and 16 were selected for further validation. 

Plasmid extraction followed by restriction digestion 

confirmed the presence of the insert (Figures 3B and 3C).  

Additionally, PCR analysis using T7 primers verified the 

correct construct size (Figure 3D). 

 

 

Figure 3. Colony PCR and validation of recombinant pET28a-Fc-PTPRZ1 in E. coli DH5α. (A) Colony PCR of 18 randomly selected 

colonies using T7 primers. Positive colonies showed a band at ~1470 bp. (B) Plasmid DNA was extracted from positive colonies (10 and 

16). (C) Restriction digestion analysis of pET28a-Fc-PTPRZ1, confirming the presence of the insert. (D) PCR confirmation of 

recombinant plasmid using T7 primers, showing the expected 1470 bp product. Lane M: 1 kb DNA ladder, SINACLON Co., Cat No: 

SL7051). (Prepared by Authors, 2026). 

 

3.4 Colony PCR of BL21 (DE3) Transformants 

The recombinant pET28a-Fc-PTPRZ1 plasmid was 

transformed into E. coli BL21 (DE3). Analysis of the 

resulting transformants using colony PCR revealed the 

expected 1470 bp band on a 1% agarose gel. Colonies 3, 

4, and 5 were chosen for further protein expression 

studies. 

3.5 Protein Expression and Purification 

Recombinant protein expression in E. coli BL21 (DE3) 

was triggered by adding 1 mM IPTG, and samples were 

collected at 2 h, 4 h, and overnight post-induction. SDS-

PAGE analysis demonstrated a clear band of 

approximately 46.3 kDa, corresponding to the predicted 

size of the Fc-PTPRZ1 fusion protein (Figures 4A and 

4B). Protein purification was performed under both native 

and denaturing conditions using Ni-NTA affinity 

chromatography. The recombinant protein was efficiently 

purified under denaturing conditions in the insoluble 

fraction (Figure 4C), whereas no band was identified in 

the soluble fraction (Figure 4D). These findings 

confirmed that Fc-PTPRZ1 was expressed predominantly 

as inclusion bodies. 
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Figure 4. SDS-PAGE analysis and purification of recombinant Fc-PTPRZ1 protein. (A) SDS-PAGE analysis was performed to evaluate 

the expression of the recombinant protein in LB broth. Lane 1 represents the cell lysate before induction with IPTG. Lane 2 shows the cell 

lysate after two hours of induction with 1 mM IPTG. Lane 3 corresponds to the molecular weight marker. Lane 4 represents the cell lysate 

after four hours of induction with 1 mM IPTG. Lane 5 displays the cell lysate after overnight induction with 1 mM IPTG from colony 3. 

Lanes 6 to 9 show cell lysates from colony 4, both before and after induction with 1 mM IPTG for 2 hours, 4 hours, and overnight, 

respectively. (B) SDS-PAGE analysis of recombinant protein expression from colony 5. Lane 1 shows the cell lysate before induction 

with IPTG. Lane 2 is the molecular weight marker. Lanes 3 and 4 represent the cell lysates after two- and four-hour induction with 1 mM 

IPTG, respectively. Lane 5 shows the cell lysate after overnight induction with 1 mM IPTG. (C) Flow-through and wash fractions (20–30 

mM imidazole) showed no significant target protein, confirming the removal of non-specific proteins. The elution fractions with 300 mM 

imidazole contained a distinct band at ~46.3 kDa representing purified Fc-PTPRZ1. (D) No detectable band was observed in the soluble 

fraction, confirming that expression occurred in the insoluble phase. BI: before injection, O/N: overnight, F: flow. W: wash, E: elution, 

Lane M: 1 kb DNA ladder, SINACLON Co., Cat No: SL7051). (Prepared by Authors, 2026). 

 

3.6 Western Blotting Assay  

Western blot analysis confirmed successful expression 

of the recombinant Fc-PTPRZ1 protein, as indicated by 

a band at ~46.3 kDa with an anti-His antibody (Figure 

5A). 

3.7 Protein Quantification by Bradford Assay 

The concentration of purified Fc-PTPRZ1 protein was 

determined using the Bradford assay (18). A standard 

curve prepared with BSA demonstrated high linearity 

(R² = 0.98). Based on triplicate measurements, the 

average concentration of purified protein was 

approximately 700 μg/mL (Figure 5B). 

 

Figure 5. Western blot and Bradford assay of recombinant Fc-PTPRZ1. (A) Western blot analysis detecting recombinant Fc-PTPRZ1 

protein at ~46.3 kDa using an anti-His antibody. Lane M: protein marker (SINACLON Co., Cat No: SL7013). (B) Bradford assay standard 

curve using BSA. The concentration of purified protein was estimated at ~700 μg/mL (mean of three replicates, R² = 0.98). The X-axis 

shows protein concentration, and the Y-axis indicates the OD value obtained at a wavelength of 595 nm. (Prepared by Authors, 2026). 
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4. Discussion 
The Fc-PTPRZ1 fusion protein was successfully cloned 

into the Fc-pET28a vector, expressed in E. coli BL21 

(DE3), and purified using Ni-NTA affinity 

chromatography. The recombinant protein was analyzed 

by SDS-PAGE, which showed a major band at 

approximately 46.3 kDa. Subsequent Western blotting 

analysis confirmed successful expression of the purified 

recombinant protein at the same apparent molecular 

weight. Bradford assay was used to quantify the purified 

protein, and the concentration was estimated to be about 

700 µg/mL, with high reproducibility across three 

replicates (R² ≈ 0.98). (The final constructed plasmid map 

along with information about the fusion protein 

sequence). A remarkable observation was that the 

recombinant protein was highly localized to insoluble 

inclusion bodies,a major limitation to expressing 

eukaryotic proteins in a prokaryotic expression system. 

This finding supports the inability of the bacterial system 

to provide the necessary molecular machinery to support 

the proper folding of various proteins and their 

interactions, ultimately leading to the formation of 

insoluble inclusion bodies due to aggregation. Even after 

decades of research and creation of advanced treatment 

modalities, GBM remains a deadly disease, and the 

median overall survival is less than two years. Recent 

developments in immunotherapy have renewed interest in 

using immune-based strategies for cancer treatment (19). 

Different vaccination approaches for treating GBM use 

DNA, RNA, or peptides as antigens. Carriers such as 

dendritic cells (DCs) and heat-shock proteins are used to 

administer these vaccines via intravenous, intranodal, 

intradermal, or intramuscular injections (20).  

The PTPRZ1 gene encodes receptor-type tyrosine-protein 

phosphatase zeta, a member of the R5 subfamily of the 

receptor tyrosine phosphatase family. (1). There are three 

known splice variants of PTPRZ1, including PTPRZ-A 

(9.4 kb, full-length transmembrane receptor), PTPRZ-B 

(6.4 kb, shorter transmembrane variant with deletion in 

the extracellular region compared to PTPRZ-A), and 

PTPRZ-S or 6B4 proteoglycan/phosphacan (secretory 

variant of PTPRZ-A) (21).  

The first study to describe a possible relationship between 

PTPRZ1 and malignant growth found that PTPRZ1 

expression in lung adenocarcinomas was reduced relative 

to normal lung tissue, suggesting a potential role for 

PTPRZ1 as a tumor suppressor (22). Other reports 

demonstrate that PTPRZ has an oncogenic effect (12, 19, 

20), and its activation promotes tumor growth and 

migration of tumor cells (23, 24). It also stimulates glioma 

stem cells (GSCs) to maintain tumorigenicity, 

contributing to tumor initiation and progression (1, 21, 25, 

26). These findings indicate that PTPRZ1 is among the 

most promising tumor-related antigens for developing 

glioblastoma immunotherapies, including peptide- and 

protein-based vaccines. The production of tumor antigens 

such as PTPRZ1 in E. coli is a rapid, cost-efficient 

platform for recombinant protein production, simplifying 

preclinical immunotherapeutic studies and providing a 

pathway to future applications as a potential diagnostic 

biomarker and therapeutic target in glioblastoma. 

 

Although expression of soluble proteins in E. coli is 

frequently clear, major challenges are encountered with 

many heterologous proteins, particularly those lakingk 

relevant interaction partners in the bacterial cytoplasm. 

These proteins regularly shape insoluble aggregates 

known as inclusion bodies, which complicate 

downstream processing and decrease the yield of active 

protein. The use of fusion partners has been developed to 

extend the solubility, stability, or expression levels of 

heterologous proteins in E. coli (27).  

PTPRZ is a heavily glycosylated membrane protein. It 

displays special glycosylation features, such as the 

attachment of chondroitin sulfate chains and branched O-

mannosyl (Man) glycans. Compared with normal brain 

tissues, gliomas express intensely glycosylated forms of 

PTPRZ. These glycosyl alterations can together affect 

tumor cell development in gliomas (1). However, E. coli 

lacks the cellular machinery needed for post-translational 

glycosylation. This modification is required for protein 

folding and function in eukaryotic cells (28). As a result, 

expressing PTPRZ1 in E. coli may limit its full 

functionality, which is crucial for therapeutic applications.  

To compensate for this confinement, Fc-fusion proteins 

are regularly utilized. These proteins incorporate the IgG 

Fc domain, which folds independently, contributes to 

structural stability, and empowers favorable expression 

and purification (29, 30). This fusion also prolongs serum 

half-life by rescuing fusion proteins from lysosomal 

degradation through neonatal Fc receptor (FcRn) 

mediated recycling (31). In recent years, Fc fusion protein 

implementation in immunotherapeutic treatments, and 

more specifically in the context of oncological 

interventions, has been widely discussed (32, 33). 

Asunercept is a novel recombinant glycosylated fusion 

protein that consists of the extracellular region of human 

CD95 connected to the Fc part of human IgG. This Fc 

fusion protein specifically binds to CD95L, disrupting 

CD95/CD95L signaling, which may inhibit glioblastoma 

progression by interfering with tumor-promoting and 

immune-evasive pathways (12). Mahmud et al. (34) 

developed a chlorotoxin peptide fused to the human IgG 

Fc region lacking the hinge sequence (M-CTX-Fc), which 

appeared to have a greater growth-inhibitory effect on the 

glioblastoma cell line A172 compared to the original 

chlorotoxin peptide. Beffinger et al. (14) designed an IL-

12Fc fusion cytokine with a reduced affinity towards 

FcRn. By specifically inhibiting FcRn, the IL-12Fc fusion 

protein blocks FcRn-mediated brain export through the 

blood-brain barrier, thereby enhancing cerebral retention, 

reducing blood levels, and preventing toxicity. 

Although our study focused on the Fc-PTPRZ1 

recombinant protein, previous studies have reported 

PTPRZ1-MET fusions in gliomas (35). These findings 

emphasize the central role of PTPRZ1 in glioblastoma 

biology and support its selection as a promising 

immunotherapy target. Dutoit et al. (36) reported that the 

PTPRZ1₁₉₅–₂₀₃ and PTPRZ1₁₃₄₇–₁₃₅₅ peptides, which are 

derived from PTPRZ1, are naturally processed and 

presented on tumor cell surfaces in WHO grade II and III 

gliomas. These include astrocytomas and 
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oligodendrogliomas. In addition, spontaneous CD8⁺ T-

cells targeting these epitopes were reported in a subset of 

patients. These findings prove that the immune system 

can identify PTPRZ1 as a tumor antigen and provide 

strong evidence of the use of PTPRZ1-derived antigens as 

immunotherapy against glioblastoma. 

The goal of immunotherapeutic strategies is to redirect 

immune cells toward targeting the tumor by harnessing 

the immune system of the patient. Numerous 

immunotherapies, such as immune checkpoint inhibitors 

(ICIs) and chimeric antigen receptor (CAR) T-cell 

therapy, have demonstrated significant potential in other 

aggressive malignancies and are currently being explored 

as therapeutic options in glioblastoma (37). However, so 

far, peptide vaccines have not shown a statistically 

significant clinical advantage in GBM patients, which can 

be partly explained by the instability of the peptides and 

by their poor immunogenicity  (19). Generally, five major 

peptide vaccines aimed at GBM are currently being 

examined in different clinical trials, including 

rindopepimut, Sur VaxM, IMA950, heat shock protein–

peptide complexes 96 (HSPPC-96)-specific vaccine, and 

personalized neoantigen vaccines (20). The preclinical 

and early-phase clinical trials have shown that these 

immunotherapeutic approaches can induce both innate 

and adaptive immune responses, convert immune-cold 

tumors into immunologically active (hot) tumors, cross 

the blood-brain barrier, and, in some specific cases, 

provide a survival benefit to patients (38). 

In our study, given the noteworthy role of PTPRZ1 in 

GBM aggressiveness and signaling, a fusion construct 

containing the PTPRZ1 antigen with the Fc domain was 

designed and expressed to enhance its solubility and 

stability, aiming to improve its uptake by antigen-

presenting cells via Fc receptor-mediated endocytosis, 

boost immunogenicity, and eventually focus on 

glioblastoma immunotherapy and future vaccine 

development. The current study has indicated that the 

recombinant protein was predominantly separated in the 

insoluble fraction. However, the lack of post-translational 

changes, including glycosylation, may hinder some of its 

biological functions. It is worth noting that no functional 

or in vivo experiments were done to assess the 

immunogenicity or therapeutic efficacy of the 

recombinant protein. Subsequent in vivo studies should be 

done to determine the immunogenicity and efficacy of the 

recombinant Fc-PTPRZ1 in animal models of 

glioblastoma, such as murine GL26 glioma-bearing mice. 

Quantitative and qualitative analysis of the antibody 

response against the recombinant protein using traditional 

immunoassays, such as ELISA, would help explain the 

immunogenic potential of the vaccine. Additionally, to 

enhance solubility and maximize expression of 

recombinant proteins, SUMO (Small Ubiquitin-like 

Modifier) tags should be considered in future 

constructions.  

5. Conclusion 
Together, our data indicate the possibility of producing of 

Fc-PTPRZ1 at moderate yields in E. coli.  

Also, to prove the immunogenicity and therapeutic 

efficacy of Fc-PTPRZ1 in glioblastoma models, extensive 

preclinical in vivo studies will be necessary. 

Moreover, preclinical studies are needed to evaluate the 

safety profile of Fc-PTPRZ1 and investigate its potential 

off-target effects and immune-mediated reactions. Such 

studies are essential to assess its therapeutic feasibility and 

ensure patient safety (30). 
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