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Abstract

Background

Granulocyte colony-stimulating factor (G-CSF) is a member of the CSF family of glycoproteins that regulate
the proliferation, differentiation, and mobilization of neutrophils. G-CSF-producing malignant cancers have
been reported to occur in various organs and are mostly associated with poor clinical prognosis. Here, we
analyzed the structure of the CSF3 gene encoding the G-CSF protein to delineate the mechanism of G-CSF
production by the cancer cells.

Methodology

Two cases of G-CSF-producing urothelial cancers and three cases of G-CSF-nonproducing bladder cancers
were enrolled for genetic analysis.

Results

In one case of G-CSF-producing bladder cancer, six somatic mutations were detected in the 5’- upstream

region of the CSF3 gene. No somatic mutations in the CSF3 gene were detected in another case of G-CSF-
producing renal pelvic cancer and G-CSF-nonproducing bladder cancers. Copy numbers of the CSF3 gene
were not increased in G-CSF-producing urothelial cancers.

Conclusions

Somatic mutations in the 5’- upstream region of the CSF3 gene may cause G-CSF protein overproduction.

Categories: Genetics, Urology, Oncology
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Introduction

Granulocyte colony-stimulating factor (G-CSF) is a member of the colony-stimulating factor (CSF) family of
glycoproteins that regulate the proliferation, differentiation, and mobilization of neutrophils [1,2]. The
human and murine CSF3 genes encoding G-CSF protein are located on the human q21-22 region of
chromosome 17 and murine chromosome 11, respectively, and both genes consist of five exons and four
introns [1-3]. The coding regions of the exons in both genes are highly conserved, with 69% identity. The 300
base pairs upstream from the transcription initiation site are also conserved and have essential promoter
sequences. The human CSF3 gene codes for two different mRNAs that are generated by the alternative use of
two 5’ splice donor sequences in intron 2 [2].

Tumor-related leukocytosis is a paraneoplastic syndrome that is rarely observed in patients with
nonhematologic malignant tumors [4] and can be caused by the upregulation of granulopoietic cytokines
and growth factors, such as G-CSF, granulocyte-macrophage colony-stimulating factor, interleukin (IL)-1,
IL-6, and tumor necrosis factor-a [5].

G-CSF produced by cancer cells also expressing G-CSF receptor can stimulate cancer growth, induce
angiogenesis, and promote metastasis by the autocrine signaling pathway [6]. G-CSF-producing malignant
cancers have been reported in various organs and are mostly associated with poor clinical prognosis [7].

Innate immune response and subsequent granulopoiesis can be activated by pattern recognition receptors,
such as Toll-like receptors (TLRs), expressed on nonhematopoietic cells [8]. For example, TLR4 expression
by bladder epithelial cells is mandatory for the initiation of a sufficient immune response against Escherichia
coli infection in the urinary tract [9]. TLR signaling involves five adaptor proteins, including myeloid
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differentiation primary-response gene 88 (MyD88), which is the universal adaptor used by all TLRs. Adaptors
recruited to Toll/IL-1 receptor (TIR) domains of TLRs initiate signaling [10]. The L265P mutation in MyD88 is
a gain-of-function driver mutation [11]. The frequency of mutations in TLR pathways, especially TLR4, is
high in patients with esophageal cancer [12].

Here, we observed two cases of G-CSF-producing urothelial cancers (one bladder cancer and one renal
pelvic cancer) and analyzed the structures of the CSF3 gene encoding the G-CSF protein and
intracytoplasmic domains of TLRs to delineate the mechanism of G-CSF production by those cancer cells.
Specifically for the former, the CSF3 gene and its upstream sequences in G-CSF-producing urothelial cancer
were analyzed by Sanger sequencing, and the copy numbers of the CSF3 gene were also determined.

Materials And Methods

Cases of G-CSF-producing urothelial cancers
Case 1

A male in his 60s presented with gross hematuria. The diagnosis was invasive bladder cancer. The white
blood cell (WBC) count was 17,300 at diagnosis. Transurethral resection of the bladder tumor (TURBT) was
performed, and the pathology was urothelial cancer with muscle invasion. In addition,
immunohistochemistry showed G-CSF expression in the cytoplasm of tumor cells. Radical
cystoprostatectomy with ileal conduit was performed, and the pathology revealed no remaining tumor, with
pathological stage pTONOMO. Nevertheless, multiple lung metastases occurred after one month.
Gemcitabine plus cisplatin chemotherapy was not effective, and the patient died due to cancer 3.4 months
following the diagnosis of metastases. At death, the WBC count was 139,500.

Case 2

A male in his 60s presented with gross hematuria. The diagnosis was a left renal pelvic tumor with multiple
lung metastases. The WBC count was 20,000. Administration of two courses of gemcitabine plus cisplatin
chemotherapy appeared to stabilize the original and metastatic tumors. Then, a left nephroureterectomy
was performed. Before the operation, the WBC was 25,700, and the serum level of G-CSF was 172 pg/mL
(normally <39). The pathology of the surgical specimen was urothelial cancer of the left renal pelvis, with
pathological stage pT2NOM1. Immunohistochemistry showed G-CSF expression in the cytoplasm of tumor
cells. Six weeks after the nephroureterectomy, lung metastases increased. Pembrolizumab, an anti-
programmed death receptor-1 (PD-1) antibody, was administered, but it was not effective. At cancer death
6.5 months following left nephroureterectomy, the WBC count was 94,400.

Case 3

A female in her 60s presented with gross hematuria. The diagnosis was large bladder cancer. The WBC count
was 25,100 and the serum level of G-CSF was 409 pg/mL at diagnosis. TURBT was performed, and the
pathology was urothelial cancer with submucosal invasion. Immunohistochemistry showed G-CSF
expression in the cytoplasm of tumor cells. After two months, a bladder tumor measuring 7 cm in diameter
rapidly relapsed and transurethral tumor resection was incomplete. Then, an anti-PD-1 antibody therapy
using pembrolizumab was introduced. A temporary increase in the bladder tumor and worsening of the
bilateral hydronephrosis were observed, but at the end of four courses, the WBC was normalized to 7,800,
and the disappearance of the bladder tumor was confirmed by a CT scan and cystoscopy. Eight courses of
pembrolizumab were administered in total, and complete remission was achieved with no bladder tumor
recurrence up to 20 months after starting the therapy. In Case 3, the bladder tumor specimen for genetic
analysis could not be collected.

Control 1

A male in his 80s underwent TURBT for a bladder tumor. TURBT pathology report showed urothelial
carcinoma, pT1, G3>G2. Preoperative WBC was 5,800. Bacille Calmette-Guerin bladder instillation therapy
was performed after TURBT. One and two years later, the patient developed a recurrence in the bladder and
underwent TURBTS again. There has been no recurrence since then.

Control 2

A male in his 60s underwent TURBT for a bladder tumor. TURBT pathology report showed urothelial
carcinoma, pTa, G2>G3. Preoperative WBC was 6,400. One and two years later, the patient developed a

recurrence in the bladder and underwent TURBTS again. Four years after the initial treatment, the patient
died of colorectal cancer.

Control 3
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A male in his 80s underwent TURBT for a bladder tumor. TURBT pathology report showed urothelial
carcinoma, pT1, G3>G2. Preoperative WBC was 5,300. One year after TURBT, the patient died of pneumonia.

Two cases of G-CSF-producing urothelial cancers (Cases 1 and 2) and three cases of G-CSF-nonproducing
bladder cancers (Controls 1-3) were enrolled for genetic analysis. Genomic DNAs were extracted and purified
from surgical specimens kept at -70°C until use, as well as whole blood samples collected in
ethylenediaminetetraacetic acid-containing tubes using kits (DNA Extractor® WB Kit and DNA Extractor®
TIS Kit, Fujifilm Wako Pure Chemical Corporation, Osaka, Japan), following the manufacturer’s instructions.
Bladder and renal pelvis cancers share a similarity in that both are included in the category of urothelial
carcinoma.

Immunohistochemistry of G-CSF

Paraffin-embedded sections of surgical specimens were immunohistochemically stained with anti-human
mouse monoclonal G-CSF antibody (Santa Cruz Biotechnology, Dallas, TX, Cat.no. sc-53292), following the
manufacturer’s instruction.

Sequencing of the CSF3 gene

For genomic DNAs, the CSF3 gene was amplified in three overlapping fragments (Fragments 1, 2, and 3)
encompassing the whole gene using sense/antisense pairs of primers. Polymerase chain reactions (PCRs)
were performed using a thermal cycler (Thermal Cycler Wako WK-0518, Wako, Osaka, Japan) in volumes of
50 L with 0.3 uM of sense and antisense primers, one unit of KOD Plus ver.2 polymerase (Toyobo, Osaka,
Japan), 4% dimethyl sulfoxide (DMSO), and the buffer supplied with the enzyme as follows: 94°C for two
minutes, 36 cycles (98°C for 10 seconds for denaturing, 68°C for two minutes for annealing and extension) of
two-step PCR. Amplified PCR products (10 uL) were resolved by electrophoresis in 1% agarose gel. The
primers used for amplification were 5-tcgagaccagcctgaccaccaacatgg-3’/5’-ctgggccaagacactcacccatcaget-3’
for Fragment 1 (2,005 bps), 5’-gggcaaggcgacgtcaaaggaggatca-3’/5’-cccgaggecacccagaaaaacaggaga-3’ for
Fragment 2 (2,345 bps), and 5’-ccaggcctctgtgtectteectgeatt-3’/5’-ggaaageagetteecttecttggagee-3’ for
Fragment 3 (1,867 bps). PCR products were directly Sanger sequenced with PCR primers and additional
sequencing primers; 5’-atcacgaggtcaggagatcgtgac-3’ and 5’-aactctccggaggcetgectgtetg-3’ for Fragment 1; 5-
gcttectgetcaagtgettagage-3’ for Fragment 2; 5°-cttgagtccagetggtgectggee-3” and 5°-gtcacattgtaactgaacttcagg-
3 for Fragment 3. The analyzed sequences were compared with a reference sequence obtained from NCBI
Reference Sequence: NC_000017.11.

Copy number analysis of the CSF3 gene

Assays were designed according to the guidelines from Bio-Rad Laboratories. Copy Number Determination
Assay kits for CSF3 and AP3B1 were purchased from Bio-Rad Laboratories (CA, USA).

A 22-pL mixture containing 1.1 L of Copy Number Determination Assay: CSF3, 1.1 pL of Copy Number
Determination Assay: AP3B1, 11 uL of ddPCRTM Supermix for Probes (no dUTP) (Bio-Rad), 0.5 WL of Haelll
enzyme (New England Biolabs), and 20 ng of DNA resuspended in dH,0 was incubated using a T100 Thermal

Cycler for restriction enzyme treatment, followed by droplet generation using Automated Droplet Generator
Oil for Probes (Bio-Rad).

PCR with the droplets was performed using a Veriti® Thermal Cycler (Thermo Fisher Scientific) with the
following cycling parameters: 10 minutes at 95°C (one cycle), 30 seconds of denaturation at 94°C and one
minute of annealing and extension at 60°C (40 cycles), 10 minutes at 98°C, and hold at 4°C. All steps had a
ramp rate of 2°C/second. Fluorescence signals of the droplets were measured using a QX200TM Droplet
Reader (Bio-Rad). Fluorescent data from each well were analyzed using QuantaSoftTM Analysis Pro
Software, calculating copy numbers based on the Poisson distribution. Copy numbers of the CSF3 gene were
expressed assuming that the copy number of the AP3BI gene in the corresponding genome is two. Copy
number analysis of the CSF3 gene was performed by Riken Genesis Co., Ltd. (Tokyo, Japan).

Sequencing of TLR2 TIR, TLR4 TIR, and MyD88 gene

The PCR and gel electrophoresis conditions were similar to those in the CSF3 gene, except the annealing and
extension time was 30 seconds. Primers for amplification were 5’-ccgtttccatggectgtggtatatgaa-3°/5-
ctaggactttatcgcagctctcagat-3’ for TLR2 TIR (526 bps), 5’-acctgatgcttcttgetggetgeataaag-3’/5™-
tcagatagatgttgcttcetgecaattgea-3’ for TLR4 TIR (551 bps), and 5’-gggatatgctgaactaagttgecac-3’/5-
gacgtgtctgtgaagttggeatcte-3’ for MyD88 (726 bps). The PCR products were directly sequenced with PCR
primers.

Results
Immunohistochemistry of G-CSF

By immunohistochemistry, G-CSF-producing urothelial cancers showed cytoplasmic G-CSF protein
expression, whereas G-CSF-nonproducing bladder cancers did not (Figure 7).
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FIGURE 1: Immunohistochemistry of G-CSF in urothelial cancers.

Upper: G-CSF-producing urothelial cancers for Cases 1, 2, and 3 from the left. Lower: G-CSF-nonproducing
bladder cancers for Controls 1, 2, and 3 from the left. Bar = 50 um. The scale bar entered applies to all photos.

G-CSF = granulocyte colony-stimulating factor

Sequencing of CSF3 gene

In the case of G-CSF-producing bladder cancer (Case 1), six somatic mutations were detected in the 5*-
upstream region of the CSF3 gene (Figures 2, 3), but no somatic mutations were found in other regions,
including exons. No somatic mutations in the CSF3 gene were detected in the other case of GSCF-producing
renal pelvic cancer (Case 2) or three cases of G-CSF-nonproducing bladder cancer.
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FIGURE 2: Somatic mutations in the 5’-upstream region of a G-CSF-
producing bladder cancer case (Case 1).

1. ¢.-878A>C (heterozygous) and c.-877C>A (heterozygous, same as rs565504795), 2. c.-863G>C
(heterozygous), 3. c.-800G>A (heterozygous), 4. c.-791G>C (heterozygous), 5. c.-667delA (homozygous), See
also Table 1.

G-CSF = granulocyte colony-stimulating factor
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TGAGAAGATGGGGCAGTTTCCCCTCTCTCACCCCAG
CCCGTGTCCACTTCAAGGTGAATGACCAGGGAAGTC(
A/O)(C/A)>’GTGTCCCAATCCC(G/C)3CAGTTCCAAAGC
CCTTGGGGACCCTACTGTCAGGGTCGTGCACGAGGA
GGTGAAGGTCAGGT(G/A)*AGCCAATC(G/C)>CCTCGA
AGGGTCTTGCCTCATTCGGGACAGACATCCGGTTTCC
TCTGGCTCTACCGGGATTCTAGGGGCTTTAGCCGAAT
GAGTCATGGGGGGCGGGGGGGTTTCTGGGGGAGTT
CCCAGCTAA)STCAACTTGGGAGACCCATGGCTGACT
TTCGATGGTGCCTATCCAAGTGTGGGGTGGGCACAG
CAGCCAAGACCCAATGTCCTTATCTCAGGTAGGGGCT
CAGGAGGTCTCCCAGACAGGCAGCCTCCGGAGAGTT
TGGGGGTAGGAATGGGAGCAACCAGCTTCTTTTTTTC
TCTCTTAGAATTTGGGGGCTTGGGGGACAGGCTTGA
GAATCCCAAAGGAGAGGGGCAAAGGACACTGCCCCC
GCAAGTCTGCCAGAGCAGAGAGGGAGACCCCGACTC
AGCTGCCACTTCCCCACAGGCTGCTGCCGCTTCCAG
GCGTCTATCAGCGGCTCAGCCTTTGTTCAGCTGTTCT
GTTCAAACACTCTGGGGCCATTCAGGCCTGGGTGGG
GCAGCGGGAGGAAGGGAGTTTGAGGGGGGCAAGGC
GACGTCAAAGGAGGATCAGAGATTCCAC'AATTTCAC
AAAACTTTCGCAAACAGCTTTTTGTTCCAACCCCCCT
GCATTGTCTTGGACACCAAATTTGCAT.AAATCCTGG
GAAGTTATTACTAAGCCTTAGTCGTGGCCCCAGGTAA
TTTCCTCCCAGGCCTCCATGGGGTTATGTATAAAGGC
CCCCCTAGAGCTGGGCCCCAAAACA®GCCCGGAGCC
TGCAGCCCAGCCCCACCCAGACCCANTGGCTGGACC
TGCCACCCAGAGCCCCATGAAGCTGATGGGTGAGTG
TCTTGGCCCAGGATGGGAGAGCCGCCTGCCCTGGCA
TGGGAGGGAGGCTG

FIGURE 3: 5’-upstream region sequence of the CSF3 gene in G-CSF-
producing bladder cancer (Case 1).

1-6 (highlighted) indicate somatic mutations. 1. c.-878A>C (heterozygous), 2. c.-877C>A (heterozygous, same as
rs565504795), 3. ¢.-863G>C (heterozygous), 4. c.-800G>A (heterozygous), 5. ¢.-791G>C (heterozygous), 6. c.-
667delA (homozygous), 7. GPE-1: CSF box, decanucleotide, 192bp upstream from the transcription initiation site,
8. GPE-2: OTF binding site, octamer sequence, 116 bp upstream from the transcription initiation site, 9.
Transcription start site, 10. Translation start site, double underline: TATA box, simple single nucleotide
polymorphisms are not described here. See also Figure 2 and reference [13].

G-CSF = granulocyte colony-stimulating factor

Copy number analysis of the CSF3 gene

As shown in Table 1, copy numbers of the CSF3 gene were not increased in G-CSF-producing urothelial
cancers.
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Cases

G-CSF-producing bladder cancer (Case 1)
G-CSF-producing renal pelvic cancer (Case 2)
G-CSF-nonproducing bladder cancer (Control 1)
G-CSF-nonproducing bladder cancer (Control 2)

G-CSF-nonproducing bladder cancer (Control 3)

Copy number of the G-CSF gene

2.1

1.5

3.3

2.0

TABLE 1: Copy numbers of the CSF3 gene in G-CSF-producing urothelial cancers.

G-CSF = granulocyte colony-stimulating factor

Sequencing of the TLR2 TIR, TLR4 TIR, and MyD88 gene

There were no variations in the DNA sequences of the MyD88 gene or the TIRs of TLR2 and TLR4 compared
with reference sequences in all patients.

Discussion

It is not well understood why G-CSF-producing tumors overproduce the G-CSF protein. In this study, we
detected six somatic mutations in the 5-upstream region of the CSF3 gene in G-CSF-producing bladder
cancer. These mutations may affect the promoter activity of the CSF3 gene and lead to G-CSF protein
overproduction (Figure 4). However, if this is the case, it is not possible to determine which somatic
mutations contribute to G-CSF overproduction in this study.

5’- upstream regulatory sequence @

”~

CSF3 mRNA

Somatic mutations w

|
iH-a—i BN —

]
o

{

G-CSF promoter element
. Protein coding regions

|:| 5’- and 3’-untranslated regions

[l core promoter

FIGURE 4: Graphical summary.

G-CSF = granulocyte colony-stimulating factor

Nishizawa et al. analyzed the promoter structure and function of the mouse CSF3 gene and identified three
well-conserved transcriptional regulatory sites in promoter regions 192, 116, and 87 bp upstream of the
transcription start site: G-CSF promoter element (GPE)-1, GPE-2, and GPE-3, respectively. Mutations
introduced further upstream of GPE-1 (CSF box) did not affect transcription [13]. The six somatic mutations
detected in this study were all upstream of the decanucleotide corresponding to GPE-1 (Table ), but
because of species differences between humans and mice and the multiplicity of somatic mutations, the
possibility that they alter the promoter activity of the CSF3 gene cannot be excluded.
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In general, an increased gene copy number may be responsible for increased protein production. However,
the copy number of the CSF3 gene was not increased in the two G-CSF-producing urothelial cancers, so the
increased copy number of the CSF3 gene was not considered a cause of G-CSF overproduction in the cases
examined herein.

Granulopoiesis can also be triggered by signaling from TLRs. In this study, we examined the sequences of the
TLR2 and TLR4 TIR domains, as well as MyD88, the major adaptor to TIR, in G-CFS-producing urothelial
cancer tissues, but found no somatic mutations. Thus, TLRs may not be involved in the overproduction of G-
CSF by tumor cells.

It is undeniable that somatic mutations in the 5’-upstream region of the CSF3 gene caused the
overproduction of G-CSF protein in the G-CSF-producing bladder cancer examined in this study. However,
in the case of G-CSF-producing renal pelvic cancer (Case 2), neither the somatic mutation in the CSF3 gene,
the increased CSF3 gene copy number, nor the abnormal signaling from TLRs can explain the
overproduction of G-CSF protein. In this case, genomic structures other than the CSF3 gene, such as those
adjacent to the CSF3 gene, aberrated methylation of the CSF3 gene, or factors other than TLR signaling that
can induce granulopoiesis, may have had an effect. For example, GeneHancer [14] has shown that an
enhancer (GH17]040014) located 3.8 kb away from the transcription start site is involved in the transcription
of the CSF3 gene.

As seen in Cases 1 and 2, the prognosis of G-CSF-producing urothelial cancer is poor. While cisplatin-based
chemotherapy has been widely used for advanced and metastatic urothelial cancer, effective treatment for
chemotherapy-resistant urothelial cancer is almost nonexistent. Recently, immunotherapy using anti-PD-1
and anti-programmed cell death ligand 1 (PD-L1) antibodies has been introduced and shown some efficacy
[15-17]. As shown in this study, a rapidly growing G-CSF-producing bladder cancer that was difficult to
control endoscopically went into complete remission with anti-PD-1 antibody therapy. The results suggest
that immunotherapy is effective in some cases of difficult-to-treat G-CSF-producing urothelial cancer.
Additionally, a previous case report showed that pembrolizumab produced complete remission in metastatic
G-CSF-producing bladder cancer [18], and another report demonstrated that G-CSF-producing lung cancers
express high levels of PD-L1, which supports our interpretation [19].

A limitation of this study is that it presents only one possible cause for the formation of G-CSF-producing
tumors. Various other causes of G-CSF-producing tumors should be investigated in multiple cases, with the
hope of elucidating therapies specific to G-CSF-producing tumors.

Conclusions

In one case of G-CSF-producing bladder cancer, six somatic mutations were detected in the 5’- upstream
region of the CSF3 gene, suggesting that they cause G-CSF protein overproduction. An increased copy
number of the CSF3 gene was not observed in the two cases of G-CSF-producing tumors studied.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. The Ethical Committee
of the Japan Organization of Occupational Health and Safety, Kanto Rosai Hospital issued approval 201321,
201410, 201618. The Ethical Committee of the Japan Organization of Occupational Health and Safety, Kanto
Rosai Hospital approved the experiments (201321, 201410, 201618). All experiments were performed in
accordance with the Declaration of Helsinki. Written informed consent was received from patients in the
study before taking part. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: Takumi Takeuchi
declare(s) a grant from The Japan Organization of Occupational Health and Safety. Research funds to
promote the hospital functions of the Japan Organization of Occupational Health and Safety. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

1. Nagata S, Tsuchiya M, Asano S, et al.: Molecular cloning and expression of cDNA for human granulocyte
colony-stimulating factor. Nature. 1986, 319:415-8. 10.1038/319415a0

2. Nagata S, Tsuchiya M, Asano S, et al.: The chromosomal gene structure and two mRNAs for human
granulocyte colony-stimulating factor. EMBO J. 1986, 5:575-81. 10.1002/j.1460-2075.1986.th04249.x

3. Tsuchiya M, Asano S, Kaziro Y, Nagata S: Isolation and characterization of the cDNA for murine granulocyte
colony-stimulating factor. Proc Natl Acad Sci U S A. 1986, 83:7633-7. 10.1073/pnas.83.20.7633

4.  Anger B, Bockman R, Andreeff M, et al.: Characterization of two newly established human cell lines from
patients with large-cell anaplastic lung carcinoma. Cancer. 1982, 50:1518-29. 10.1002/1097-
0142(19821015)50:8<1518::aid-cncr2820500812>3.0.co;2-1

2023 Okuno et al. Cureus 15(8): e43981. DOI 10.7759/cureus.43981 8of9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1038/319415a0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/319415a0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/j.1460-2075.1986.tb04249.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/j.1460-2075.1986.tb04249.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.83.20.7633?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.83.20.7633?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/1097-0142(19821015)50:8<1518::aid-cncr2820500812>3.0.co;2-r?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/1097-0142(19821015)50:8<1518::aid-cncr2820500812>3.0.co;2-r?utm_medium=email&utm_source=transaction

Cureus

10.

11.

12.

13.

18.

19.

Kasuga I, Makino S, Kiyokawa H, Katoh H, Ebihara Y, Ohyashiki K: Tumor-related leukocytosis is linked with
poor prognosis in patients with lung carcinoma. Cancer. 2001, 92:2399-405. 10.1002/1097-
0142(20011101)92:9<2399::aid-cncr1588>3.0.co;2-w

Morris KT, Khan H, Ahmad A, Weston LL, Nofchissey RA, Pinchuk IV, Beswick EJ: G-CSF and G-CSFR are
highly expressed in human gastric and colon cancers and promote carcinoma cell proliferation and
migration. Br ] Cancer. 2014, 110:1211-20. 10.1038/bjc.2013.822

Nagata H, Komatsu S, Takaki W, et al.: Granulocyte colony-stimulating factor-producing hepatocellular
carcinoma with abrupt changes. World ] Clin Oncol. 2016, 7:380-6. 10.5306/wjco.v7.i5.380

Manz MG, Boettcher S: Emergency granulopoiesis. Nat Rev Immunol. 2014, 14:302-14. 10.1038/nri3660
Schilling JD, Martin SM, Hung CS, Lorenz RG, Hultgren SJ: Toll-like receptor 4 on stromal and hematopoietic
cells mediates innate resistance to uropathogenic Escherichia coli. Proc Natl Acad Sci U S A. 2003, 100:4203-
8. 10.1073/pnas.0736473100

O'Neill LA, Bowie AG: The family of five: TIR-domain-containing adaptors in Toll-like receptor signalling .
Nat Rev Immunol. 2007, 7:353-64. 10.1038/nri2079

Ngo VN, Young RM, Schmitz R, et al.: Oncogenically active MYD88 mutations in human lymphoma. Nature.
2011, 470:115-9. 10.1038/nature09671

Fels Elliott DR, Perner J, Li X, et al.: Impact of mutations in Toll-like receptor pathway genes on esophageal
carcinogenesis. PLoS Genet. 2017, 13:e1006808. 10.1371/journal.pgen.1006808

Fishilevich S, Nudel R, Rappaport N, et al.: GeneHancer: genome-wide integration of enhancers and target
genes in GeneCards. Database (Oxford). 2017, 2017: 10.1093/database/bax028

Nishizawa M, Tsuchiya M, Watanabe-Fukunaga R, Nagata S: Multiple elements in the promoter of
granulocyte colony-stimulating factor gene regulate its constitutive expression in human carcinoma cells. |
Biol Chem. 1990, 265:5897-902.

Bellmunt ], de Wit R, Vaughn DJ, et al.: Pembrolizumab as second-line therapy for advanced urothelial
carcinoma. N Engl ] Med. 2017, 376:1015-26. 10.1056/NE]Moal613683

Powles T, Eder JP, Fine GD, et al.: MPDL3280A (anti-PD-L1) treatment leads to clinical activity in metastatic
bladder cancer. Nature. 2014, 515:558-62. 10.1038/nature13904

Powles T, Durén I, van der Heijden MS, et al.: Atezolizumab versus chemotherapy in patients with
platinum-treated locally advanced or metastatic urothelial carcinoma (IMvigor211): a multicentre, open-
label, phase 3 randomised controlled trial. Lancet. 2018, 391:748-57. 10.1016/S0140-6736(17)33297-X
Muramatsu-Maekawa Y, Taniguchi T, Ito H, et al.: Pembrolizumab treatment and pathologic therapeutic
evaluation for granulocyte colony-stimulating factor-producing bladder cancer: a case report and literature
review. ] Immunother. 2020, 43:134-8. 10.1097/CJ1.000000000000031 1

Miyazaki K, Shiba A, Ikeda T, et al.: Programmed cell death ligand 1 measurement study in granulocyte
colony-stimulating factor-producing lung cancer: an observational study. BMC Cancer. 2022, 22:977.
10.1186/s12885-022-10065-w

2023 Okuno et al. Cureus 15(8): e43981. DOI 10.7759/cureus.43981

90f9


https://dx.doi.org/10.1002/1097-0142(20011101)92:9<2399::aid-cncr1588>3.0.co;2-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/1097-0142(20011101)92:9<2399::aid-cncr1588>3.0.co;2-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/bjc.2013.822?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/bjc.2013.822?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5306/wjco.v7.i5.380?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5306/wjco.v7.i5.380?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nri3660?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nri3660?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.0736473100?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.0736473100?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nri2079?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nri2079?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature09671?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature09671?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1006808?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pgen.1006808?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/database/bax028?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/database/bax028?utm_medium=email&utm_source=transaction
http://www.ncbi.nlm.nih.gov/pubmed/1690717?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1613683?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1613683?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature13904?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nature13904?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(17)33297-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(17)33297-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CJI.0000000000000311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CJI.0000000000000311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12885-022-10065-w?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12885-022-10065-w?utm_medium=email&utm_source=transaction

	Structural Analysis of the Colony-Stimulating Factor 3 Gene of Granulocyte Colony-Stimulating Factor-Producing Urothelial Cancer
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Cases of G-CSF-producing urothelial cancers
	Immunohistochemistry of G-CSF
	Sequencing of the CSF3 gene
	Copy number analysis of the CSF3 gene
	Sequencing of TLR2 TIR, TLR4 TIR, and MyD88 gene

	Results
	Immunohistochemistry of G-CSF
	FIGURE 1: Immunohistochemistry of G-CSF in urothelial cancers.

	Sequencing of CSF3 gene
	FIGURE 2: Somatic mutations in the 5’-upstream region of a G-CSF-producing bladder cancer case (Case 1).
	FIGURE 3: 5’-upstream region sequence of the CSF3 gene in G-CSF-producing bladder cancer (Case 1).

	Copy number analysis of the CSF3 gene
	TABLE 1: Copy numbers of the CSF3 gene in G-CSF-producing urothelial cancers.

	Sequencing of the TLR2 TIR, TLR4 TIR, and MyD88 gene

	Discussion
	FIGURE 4: Graphical summary.

	Conclusions
	Additional Information
	Disclosures

	References


