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We reported a rare case of malignant parotid

tumor with a severe granulocytosis, which was in-

duced by granulocyte colony stimulating factor (G-

CSF) produced from tumor cells. A 59-year-old

male patient had shown a marked leukocytosis with

up to 27,100/mm3 and a larger number of mature

granulocytes in peripheral blood leukocytes. The

level of G-CSF in serum was obviously high (263.0
pg/ml). We undertook a total parotidectomy and left

radical neck dissection, but the tumor resection was

not completely performed because of an extensive

invasion to the left carotid artery and parapharyngeal

space as well. The pathological diagnosis was

poorly-differentiated adenocarcinoma. The patient

died about 4 months after being admitted to our hos-

pital, even though a systemic chemotherapy was fol-

lowed after the surgical treatment. We diagnosed this

case as a G-CSF producing malignant parotid tumor,

because high G-CSF activity was detected in the

tumor secretion, cancerous pleural effusion and cul-

ture supernatant of tumor cells, respectively. This di-

agnosis was further confirmed by the finding that G-

CSF gene transcripts were detected in tumor cells of

this patient.
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G-CSF plays an important role in a survival,

growth, and differentiation of mature granulocytes

from hematopoietic progenitor cells both in vitro and

in vivo (1). Patients with leukocytosis sometimes

accompany malignant solid tumors in the absence of

infection. In these cases, G-CSF had been implicated

in the tumor-induced leukocytosis(2). G-CSF is es-

pecially produced by monocytes/macrophages,

fibroblasts, endothelial cells and it stimulates the

growth of neutrophils. G-CSF production in cancer

patients is frequently associated with an aggressive

tumor cell growth and a detrimental clinical out-

come. However, there have been a few reports of

head and neck cancer with leukocytosis, which actu-

ally showed the G-CSF production from tumor cells,

particularly in malignant parotid tumors. This report

introduces a rare case of G-CSF producing parotid

cancer, by employing with an examination of G-CSF

specific messenger RNA expression in tumor cells

and measurement of G-CSF activity in culture super-

natants of tumor cells.
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A 59-year-old male patient presented with a one-

month history of swelling and spontaneous pain on

the left side of his neck. He received an antibiotics

therapy in another hospital, because of the

leukocytosis and the elevation of C-reactive protein

(CRP). However, his condition did not improve and

therefore he was introduced to our hospital on

November 29, 1994.
Physical examination on his admission revealed a

tumor formation from the left infraauricular region to

the upper neck with red overlying skin (Fig. 1). The

tumor was elastic and hard, and had poor mobility.

Several swollen lymph nodes were palpable around

the tumor on the left side of the neck. The patient’s

ears, nose and throat were fine. No facial nerve

palsy was found.

Peripheral blood analysis on admission showed a

marked leukocytosis (27,100/mm3) and 85% of leu-

kocytes were neutrophils. CRP was positive at

16.8 mg/dl and erythrocyte sedimentation rate (ESR)
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was accelerated (108 mm/hour).
Peripheral blood T lymphocytes(CD3+) were only

55.0% of the total lymphocytes and helper/inducer T

cells (CD4+) decreased to 26.0% of the total T lym-

phocytes. Tumor markers such as squamous cell car-

cinoma antigen(SCC Ag), carcinoembryonic antigen

(CEA) and carbohydrate antigen (CA) 19-9 were

within normal limits (Table 1), but G-CSF activity

in serum measured by an enzyme-linked immuno-

sorbent assay kit (Amersham, UK) was obviously

high, being at 263.0 pg/ml. A bone marrow biopsy

was done, because the severe granulocytosis was ob-

served, but resulted in marked hypercellular bone

marrow and no leukemic cells were identified.

Serial enhanced CT scan and magnetic resonance

imaging (MRI) revealed a heterogeneously enhanc-

ing mass in the left parotid gland and multiple swol-

len lymph nodes in the left upper side of the neck,

that had a mixed appearance of solid and cystic por-

tions (Fig. 2).
67Ga scintigraphy showed the abnormal 67Ga up-

take in the left parotid gland and the upper neck. A

biopsy of the tumor was performed after his admis-

sion, and malignant neoplasm was suspected but a

definite pathological diagnosis could not be achieved.

On December 16, 1994, left total parotidectomy and

radical neck dissection was carried out. At the opera-

tion, the tumor extensively invaded to the overlying

skin, facial nerve trunk, internal carotid artery, and

parapharyngeal space as well on the left side. The

facial nerve and the tumor-infiltrated skin were ex-

cised, but the tumor resection was not completely

performed. The histological diagnosis was poorly-

differentiated adenocarcinoma (Fig. 3). On day 3
after the operation, the white blood cells (WBC) in
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Fig. 1. A tumor formation was seen from the left
infraauricular region to the upper neck with red overlying
skin(left side). Open biopsy was already done in another
hospital before admission. The tumor was elastic and hard,
and had poor mobility. Several swollen lymph nodes were
palpable around the tumor on the left side of the neck. CT
scan indicates this tumor under the skin around left parotid
region(right side).

Fig. 2. Magnetic resonance imaging (MRI) revealed a
heterogeneously enhancing mass in the left parotid gland
and multiple swollen lymph nodes in the left upper side of
the neck, that had a mixed appearance of solid and cystic
portion (horizontal section, left and coronary section,
right).

Table 1. Laboratory dataon a dmission

Fig. 3. Histological finding (H&E staining). The diagno-

sis was poorly-differentiated adenocarcinoma.
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his peripheral blood decreased to 17,900/mm3 .

However, the tumor regrew gradually afterwards.

Therefore, the systemic chemotherapy with cisplatin,

THP-adriamycin and 5-Fu was done in 2 courses.

The size of the tumor did reduce for about one

month. But it was unfortunate that the patient finally

died of a lung metastasis and pleuritis carcinomatosa

on April 3, 1996. An autopsy was not performed but

carcinomatous pleural effusion was aspirated and

brought into a primary cell culture.

Fig. 4 showed the clinical course of this patient,

including WBC count in the peripheral blood and the

serum G-CSF activity. The WBC once decreased

after the operation and chemotherapy. However it

eventually increased up to 225,900/mm3 . On the

other hand, serum G-CSF activity was constantly

high, regardless of the treatment, the tumor size and

WBC count in his peripheral blood.

Because of the marked leukocytosis in the absence

of infection and the constant high G-CSF activity in

the patient’s, sera, we examined the G-CSF activity

in the other clinical materials of this patient. As

shown in Table 2, G-CSF activities in the tumor se-

cretion, and the carcinomatous pleural effusion were

very high (234000 pg/ml and 4800 pg/ml, respec-

tively). Furthermore, G-CSF activity in the culture

supernatant of tumor cells derived from pleural effu-

sion was also very high (4030 pg/ml). Fig. 5 shows

the phase contrast microscopic findings of the pri-

mary culture of carcinomatous pleural effusion ob-

tained from this patient. Polygonal-shaped cells have

a cobble-stone appearance. Table 3 shows G-CSF

levels in culture supernatants of cancer cell lines

maintained in our laboratory, including this case. In

vitro culture of cancer cell lines was performed as

follows. 1x106 cells were distilled in 5 ml of

RPMI1640 medium supplemented with 10% fetal

calf serum and incubated for 48 hours at 37 ℃ in

5% CO2 incubator. And thereafter culture super-

natants were obtained. G-CSF activity varies from

low to high levels among these cell lines and the

highest activity is shown in this case. But there was

no difference in G-CSF activity of culture super-
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Fig. 4. WBC coumt in clinical course

Table 2. G-CSF Activities in sample

Fig. 5. Phase contrast microscopic findings of the primary
culture of carcinomatous pleural effusion obtained from
this patient. Polygonal-shaped cells have a cobble-stone
appearance, and these tumor cells are considered to pro-
duce the G-CSF.

Table 3. G-CSF Activities in culture sup of various cell
lines
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natant, in terms of tumor site, histological type, or

differentiation degree. Fig. 6 shows the results of re-

versed transcription-polymerase chain reaction (RT-

PCR) of G-CSF transcripts in these cell lines

including this case. G-CSF-specific messenger RNA

gene expression are actually detected in the tumor

cells (NONAKA) obtained from this patient.

Based on these findings taken all together, we

confirmed this case as a G-CSF producing parotid

tumor.
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Leukocytosis is a well-recognized hematological

abnormality that develops in cancer patients even in

the absence of infection. A number of malignant tu-

mors are reported to produce colony-stimulating fac-

tor (CSF), a kind of cytokine, which brings about

marked leukocytosis in tumor-bearing patients (3).
G-CSF producing tumors have been reported in lung

cancers(4-7), as well as in cancers of the

stomach(8), bladder(9,10), oral cavity(11) and thy-

roid gland(12-14). However, few parotid cancers

that produce G-CSF have been reported. We demon-

strated herein an unusual case of a 59-year-old pa-

tient with a G-CSF producing poorly differentiated

adenocarcinoma originated from parotid gland. We

diagnosed this case as a G-CSF producing tumor for

several reasons mentioned as follows: 1. The patient

continued to have marked leukocytosis. 2. Serum G-

CSF levels of this patient were significantly elevated.

3. G-CSF level in the culture supernatant of tumor

cells sampled from his pleural effusion was also sig-

nificantly elevated. Furthermore, the G-CSF transcript

was detected in cultured tumor cells of this patient

by RT-PCR method. These results strongly suggest

that the autonomous G-CSF production by the tumor

cells induced leukocytosis in this patient.

The leukemoid reaction has been widely observed

clinically to appear at an advanced stage of cancer in

association with the aggressive cell growth. It is,

therefore, in all likelihood that the G-CSF production

and G-CSF receptor expression exhibited by cancer

cells play a crucial role in mediating the malignant

progression of the non-hematopoietic cancer cells.

Some authors have reported that the proliferation of

the cultured non-hematopoietic cancer cells are

stimulated by exogenous G-CSF administration and

suggested that G-CSF production by cancer cells

autocrine growth(10,15). On the other hand, it was

reported that exogenous G-CSF had no effect on the

proliferation of the cultured cancer cells (11,13).
Katoh et al. (16) commented that the production

of G-CSF is a common event in human tumor

xenograft, but that factors other than G-CSF are also

likely involved. There are some reports that non-

hematopoietic cancer cells also produce interleukin 1
(IL-1) (17), or interleukin 6 (IL-6) (11), or both

of them(4,7) in addition to G-CSF. We successfully

detected G-CSF activities in a number of cultured

cancer cell lines maintained in our laboratory but did

not examine other cytokines such as IL-1 and IL-6.
Leukocytosis induced by neoplasm seems to be a

heterogeneous and complex disorder.

It is generally accepted that G-CSF production in

cancer patients associated with an aggressive tumor

cell growth have a detrimental clinical outcome. The

patient in this report died only about 4 months after

his admission to our hospital, regardless of the

multimodality treatments. Further precise study will

be needed to fully understand the biological signifi-

cance of tumor-producing G-CSF and consequently

to have an appropriate clinical management of forth-

coming patients for pursuing a better prognosis.

��

Fig. 6. RT-PCR of G-CSF transcripts (Northern blot a
nalysis). G-CSF－specific mRNA gene expression are
actually detected in the tumor cells (NONAKA) obtained
from this patient.
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RT-PCR to detect G-CSF transcripts was kindly

performed by Mr. Hashizume at Takara-Shuzo

Company, employing with their original primers.

We appreciate their technical cooperation and as-

sistance for its description.
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