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Abstract

Background—Sphingosine-1-phosphate (S1P), a pleiotropic bioactive lipid mediator, has been 

implicated as a key regulatory molecule in cancer through its ability to promote cell proliferation, 

migration, angiogenesis and lymphangiogenesis. Previous studies suggested that S1P produced by 

sphingosine kinase 1 (SphK1) in breast cancer plays important roles in progression of disease and 

metastasis. However, the associations between S1P and clinical parameters in human breast cancer 

have not been well investigated to date.

Materials and Methods—We determined levels of S1P and other sphingolipids in breast cancer 

tissue by electrospray ionization-tandem mass spectrometry. Associations between S1P levels and 

clinicopathological features of the tumors were analyzed. Expression of phospho-SphK1 

(pSphK1) in breast cancer tissues was determined by immunohistochemical scoring.

Results—Levels of S1P in breast cancer tissues were significantly higher in patients with high 

white blood cell count in the blood than patients without. S1P levels were lower in patients with 

HER2 overexpression/amplification than patients without. Further, cancer tissues with high 

pSphK1 expression showed significantly higher levels of S1P than cancer tissues without. Finally, 
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patients with lymph node metastasis showed significantly higher levels of S1P in tumor tissues 

than patients with negative nodes.

Conclusions—To our knowledge, this is the first study to demonstrate that high expression of 

pSphK1 is associated with higher levels of S1P, which in turn is associated with lymphatic 

metastasis in breast cancer.

Keywords

Sphingosine-1-phosphate; Phospho-sphingosine kinase 1; Breast cancer; Lymphatic metastasis; 
HER2; Inflammation

1. Introduction

Breast cancer is the most common cancer diagnosis, and the second most common cause of 

cancer death among women in the United States [1]. Lymph node metastasis is a hallmark of 

breast cancer and is one of the major determinants of clinical staging and prognosis [2]. 

There has been growing evidence that tumor lymphangiogenesis, formation of new 

lymphatic vessels from the preexisting ones, plays an important role during lymphatic 

metastasis [3-5]. A number of signaling proteins, such as vascular endothelial growth factor 

(VEGF)-C/D and angiopoietins, are reported to mediate lymphangiogenesis. In addition to 

these signaling proteins, it has been recently discovered that bioactive lipid mediators also 

play critical roles in lymphangiogenesis and lymph node metastasis, thus providing new 

insights into the mechanisms of cancer metastasis [6].

Sphingosine-1-phosphate (S1P), a bioactive lipid mediator, has been implicated as a key 

regulatory molecule in cancer through its ability to promote cell proliferation, migration, 

invasion, angiogenesis and lymphangiogenesis [7-12]. S1P is generated intracellularly by 

two sphingosine kinases, sphingosine kinase 1 and 2 (SphK1 and SphK2), and is exported 

out of the cells where it regulates many functions by binding to and signaling through a 

family of five G protein-coupled receptors (S1PR1–5) [8, 13]. This process, known as 

"inside-out" signaling, explains the autocrine and paracrine actions of S1P [13]. In breast 

cancer, we have previously demonstrated that SphK1, but not SphK2, is involved in S1P 

export from breast cancer cells through the action of ATP-binding cassette transporters, 

ABCC1 and ABCG2 [14-16]. It has been demonstrated that SphK1 mRNA expression is 

upregulated in breast cancer, correlates with poor prognosis, and is associated with 

resistance to chemotherapy [17-19]. These studies suggest that S1P plays important roles in 

cancer progression and metastasis. However, the actual quantification of S1P in human 

breast cancer tissues has not been well investigated to date, limiting its ability to be used 

clinically as a biomarker. Furthermore, quantification of S1P mass in breast cancer could 

allow more accurate comparisons and evaluation of function between studies.

The aim of this study is to determine the mass quantities of bioactive sphingolipids, 

including sphingosine, S1P, dihydro-sphingosine, and dihydro-S1P, in human patient breast 

cancer tissue samples using high sensitivity liquid chromatography-electrospray ionization 

tandem mass spectrometry (LC-ESI-MS/MS) and to investigate associations between the 

levels of sphingolipids and clinicopathological features of the tumor. Furthermore, we 
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hypothesized that activation of SphK1 is associated with higher levels of S1P in tumor. To 

test this hypothesis, we performed immunohistochemical staining of active form of phospho-

SphK1 (pSphK1) and compared it to the S1P levels in tumor.

2. Material and Methods

2.1. Human breast cancer tissue samples

From January 2013 to April 2015, 289 Japanese patients with breast cancer underwent 

surgical resection in Niigata University Medical and Dental Hospital. During this period, 

breast cancer tissue samples were collected from 47 patients who had invasive tumors larger 

than 1.5 cm after obtaining informed consent. We analyzed 35 of the 47 primary breast 

cancer tissue samples, excluding a total of 12 patients. The excluded tissue samples included 

five patients who received neoadjuvant chemotherapy, two patients with body mass index 

greater than 35, three patients with bilateral breast cancer, and four patients with cancer in 

other organs. These patients were excluded because the above factors in these patients 

possibly affect levels of S1P in the body [20]. The blood counts were measured as a part of 

preoperative workup, which is within 30 days prior to the operation. All tissue samples were 

snap-frozen and stored at −80°C. This study protocol was approved by the Institutional 

Review Board of Niigata University Medical and Dental Hospital.

2.2. Quantification of Sphingolipids by LC-ESI-MS/MS

Lipids were extracted from tissue samples and sphingolipids were quantified by liquid 

chromatography, electrospray ionization-tandem mass spectrometry (LC-ESIMS/MS, 4000 

QTRAP, ABI) at the Virginia Commonwealth University Lipidomics Core as described 

previously [6, 15, 21]. Internal standards were purchased from Avanti Polar Lipids 

(Alabaster, AL) and added to samples in 20 μl ethanol:methanol:water (7:2:1) in a cocktail 

of 500 pmol each. The HPLC grade solvents were obtained from VWR (West Chester, PA).

2.3. Pathologic Examination

All of the human breast cancer tissue specimens were submitted to the Department of 

Surgical Pathology in our hospital and examined by two experienced pathologists who had 

no access to the clinical data. Paraffin-embedded blocks from each resected specimen were 

used for immunohistochemistry. Serial 4μm sections were re-cut and used for staining with 

hematoxylin and eosin, estrogen receptor (ER), progesterone receptor (PgR), Human 

epidermal growth factor receptor 2 (HER2), Ki-67 proliferation index marker, pSphK1, and 

negative control. The ER and PgR protein expression was scored using the weighted Allred 

score technique. Ki-67 index was scored by counting positive and negative nuclei in the 

tumor specimen and a proliferation index was obtained by calculating the percentage of 

positive cells. Tumors were classified as having low or high proliferation index with 14% 

positive cells as the cut-off. HER2 expression was also determined by 

immunohistochemistry and by fluorescence in situ hybridization (FISH) analysis. HER2 

positive tumors were defined as 3+ on immunohistochemistry or as positive by FISH.

Antigen retrieval for pSphK1 was performed by microwaving the slides under pressure in a 

citrate buffer for 10 min (pH 9.0). Endogenous peroxidase was blocked using 0.3% 
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hydrogen peroxide for 20 min. After blocking non-specific background, the sections were 

incubated overnight with the primary antibody (SphK1 polyclonal antibody; 1:100 dilution; 

ECM Biosciences LLC, Versailles, KY, USA) at 4°C. Then, the sections were incubated 

with biotinylated rabbit anti-mouse streptavidin-peroxidase complex for 10 min. 

Diaminobenzidine was used as the chromogen, and the sections were counterstained with 

hematoxylin. Normal mouse immunoglobulin was substituted as the primary antibodies in 

the negative control. The vascular and lymphatic endothelial cells of all vessels reacted with 

the antibody against pSphK1. As a result, the pSphK1 staining intensity of endothelial cells 

is considered strong staining, and semi-quantitative evaluation of the pSphK1 staining 

intensity of breast cancer cells was registered as follows: 0 (negative), 1 (weak), 2 

(moderate), or 3 (strong), based on comparison with endothelial cell staining. The staining 

score 0 and 1 were considered as pSphK1 negative and 2 and 3 considered as pSphK1 

positive.

2.4. Comparison of the sphingolipids levels in the breast cancer tissue with 
clinicopathological status of breast tumors

Histologic findings were described according to the AJCC Staging Manual [22]. We 

excluded micro metastasis (< 2 mm) from consideration as lymph node metastasis. Levels of 

S1P and other sphingolipids in the breast cancer tissue samples were compared with 

clinicopathological status of breast cancer patients.

2.5. Statistical Analysis

All statistical evaluations were performed using the SPSS 22.0J software package (SPSS 

Japan, Tokyo, Japan). Categorical variables were compared by the Fisher exact test or the 

Pearson χ2 test and continuous variables between two groups were compered by the Mann-

Whitney U test. All tests were two-sided and P values < 0.05 were considered statistically 

significant.

3. Results

3.1. Determination of sphingosine-1-phosphate (S1P) and other sphingolipid levels from 35 
human patients with breast cancer

The levels of sphingolipids including sphingosine, dihydro-sphingosine (DHSph), S1P, 

dihydro-S1P (DHS1P) were successfully determined in breast cancer tissue samples from 35 

patients. Clinical characteristics and histopathological results of the 35 patients are shown in 

Tables 1 and 2. Sixty percent (n = 21) of patients were under 60 years old.

3.2. S1P levels in human breast cancer are higher in patients with leukocytosis

S1P is known to facilitate egress of lymphocytes from secondary lymphoid tissues such as 

the thymus, Peyer's patches in the small intestine, and lymph nodes into the bloodstream, 

thereby affecting the white blood cells (WBC) counts in the blood [3, 23-25]. Additionally, 

red blood cells (RBC) and platelets are known to store and release S1P into blood [26-29]. 

Therefore, it was of interest to investigate whether sphingolipids levels in breast tumor 

tissues correlate with blood cell counts (Fig.1 and Supplementary Fig. 1). We found that 

breast cancer tissue S1P levels were significantly higher in patients with high WBC count 
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(WBC ≧ 6100/μl) as compared to patients without high WBC count (P = 0.045) while 

sphingosine levels did not show any difference (Fig. 1A, B). There were no significant 

associations between tissue S1P or sphingosine levels and platelet counts (Fig. 1C, D).

3.3. S1P levels are affected by HER2 status, but not estrogen receptor (ER) or 
progesterone receptor (PgR) status

We have previously demonstrated that estradiol produces S1P in breast cancer cells via the 

estrogen receptor [15]. Thus, we investigated the association between levels of sphingolipids 

in breast cancer tissue and hormone receptors (ER, PgR) and HER2 expression status (Fig. 2 

and Supplementary Fig. 2, 3A, B). Although the breast cancer tissue S1P levels were not 

associated with ER or PgR expression, it was higher in HER2 negative cancers as compared 

to cancers that overexpress HER2 (P = 0.001) (Fig. 2).

3.4. High expression of phospho-SphK1 is associated with S1P levels

We have shown that SphK1, but not SphK2, is involved in S1P export from breast cancer 

cells [15]. Sphingosine is converted to S1P when SphK1 is activated by phosphorylation of 

Ser-225. We examined pSphK1 (Ser-225) expression in breast cancer tissues by 

immunohistochemistry. pSphK1 was expressed diffusely in the cytoplasm of cancer cells, 

which were scored as shown in Figure 3A. pSphK1 expression significantly associated with 

S1P levels in the breast cancer tissue (P = 0.040), which is in agreement with previously 

published reports using in vitro models (Fig. 3B). The levels of other sphingolipids in breast 

cancer tissue were not associated with tissue pSphK1 expression (Supplementary Fig. 3C, D 

and E)

3.5. All five tumors with HER2 overexpression/amplification displayed suppressed 
expression of pSphK1

Next, we investigated the association between pSphK1 expression status and other 

sphingolipids in the breast cancer tissues and the clinicopathological factors (Table 3). 

pSphK1 expression status in breast cancer tissue was not associated with any 

clinicopathological factors, possibly due to the limited number of patients we examined. All 

of five patients with HER2 overexpression/amplification demonstrated negative expression 

of pSphK1 although there was no statistically significant association between HER2 status 

and SphK1 expression (Fig. 4).

3.6. The expression of pSphK1 is low while the levels of S1P are high in the triple negative 
(TN) tumors

We compared the levels of S1P among the subtypes, classified as luminal, luminal-HER2, 

HER2, and TN types. We found that both luminal and TN shows high levels of S1P in the 

tumor while HER2 type shows lower levels of S1P compared to the others (Supplementary 

Fig. 7A). Interestingly, patients with TN breast cancer shows lower expression of pSphK1 on 

the tumor than those with luminal type breast cancer that contained similar levels of S1P as 

the TN tumors (Supplementary Fig. 7B).
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3.7. S1P levels are higher in the patients with lymph node metastasis (pN)

We further examined whether the levels of S1P in the breast cancer tissue are associated 

with tumor progression and lymph node metastasis in human patients (Fig. 5 and 6, and 

Supplementary Fig. 4-6). Somewhat surprisingly, S1P levels in the breast cancer tumor 

samples did not associate with tumor size, quantified as pT (Fig. 5A), cancer aggressiveness 

evaluated pathologically by nuclear grade (Fig. 5B), cancer cell proliferation quantified by 

Ki67 staining (Fig. 5C) or vascular invasion (Fig. 5D). On the other hand, S1P levels in 

breast cancer tissue samples among patients with lymph node metastasis were significantly 

higher than those without (P = 0.044) (Fig. 6C). Although there was no statistical difference, 

sphingosine levels in tumor tend to be lower in patients with lymph node metastasis, which 

is in agreement with the dogma that sphingosine is converted to S1P by pSphK1 (Fig. 6D). 

There was no association between S1P levels and lymphatic invasion (Fig. 6A).

4. Discussion

A pleiotropic bioactive lipid mediator, S1P has emerged as a new player in the tumor 

microenvironment, where it regulates the processes affecting cancer progression, namely cell 

proliferation, invasion, angiogenesis, and lymphangiogenesis [30-33]. We have recently 

developed a sensitive and quantitative mass spectrometry (LC-ESI-MS/MS) method to 

quantify the S1P levels both in vitro and in vivo [6, 15, 21]. To our knowledge, this is the 

first study to quantify the levels of S1P in human breast cancer tissues utilizing state-of-art 

mass spectrometry technology. Further, we compared the levels of S1P in breast cancer 

tissue with the clinicopathological features of the tumors, and found significant associations 

between the levels of S1P and pSphK1 expression and lymph node metastasis.

Here, we demonstrate that levels of S1P in the breast cancer tissue in patients with lymph 

node metastasis were significantly higher than those in patients with negative nodes. 

Utilizing LC-ESI-MS/MS, we have previously revealed that S1P produced by SphK1 in 

cancer cells promotes breast cancer progression by stimulating angiogenesis and 

lymphangiogenesis, and subsequently lymph node metastasis in an in vivo model [6]. 

Therefore, higher levels of S1P in breast cancer is expected to promote lymphangiogenesis 

and lymph node metastasis. Taken together, our results suggest that higher levels of S1P in 

cancer influences lymphatic metastasis not only in animal models, but also in human 

patients with breast cancer.

We previously found that the serum S1P levels were significantly elevated in stage IIIA 

breast cancer patients who have lymph node metastases, compared with age/ethnicity-

matched healthy volunteers [6]. This finding prompted us to hypothesize that S1P secreted 

from tumor stimulates blood endothelial cells to secrete S1P into the blood, which results in 

elevation of the levels of S1P in serum and promotion of metastasis. If this is the case, one 

would expect an association between the levels of S1P in tumors and in serum. In our 

samples, however, the association was not statistically significant, probably due to the small 

number of cases (data not shown). Further study with greater power is necessary to address 

this issue. In addition, there are other factors, such as IL-6 or TNF-α, which are secreted 

from tumor that potentially stimulates blood endothelial cells and immune cells in the tumor 

microenvironment to secrete S1P [34]. Similar to tumor tissue, chronic inflammation can 
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also increase serum S1P. Previously, we have shown that the levels of S1P in the serum were 

elevated in chronic inflammation and found that the higher levels of S1P are associated with 

enhanced cancer progression using animal models [34]. Taken together, it is possible that 

tumor affects its microenvironment to increase the levels of S1P in the serum, and elevated 

levels of S1P in the serum can promote tumor progression.

In this study, we demonstrate the association between expression of pSphK1 and the levels 

of S1P as determined by LC-ESI-MS/MS in human breast cancer tissue. Previous studies 

showed that mRNA levels of SphK1 or expression levels of SphK1 measured by 

immunohistochemistry correlate with worse outcomes for breast cancer patients [17]. One 

may assume that high levels of SphK1 mRNA or high gene expression levels of SphK1 

might result in high levels of S1P mediator in tissue. Importantly, in this study we revealed 

that pSphK1 positive-expression patients do indeed show significantly higher tissue levels of 

S1P molecule.

We found that breast cancer tissue S1P levels were lower in those with HER2 

overexpression/amplification, and all five patients with HER2 overexpression/amplification 

demonstrated negative expression of pSphK1 although there was no statistically significant 

association between HER2 status and SphK1 expression. A few studies reported the 

relationship between SphK1 and HER2 expression [35-37]. Considering that both HER2 and 

SphK1 are strong activators of survival signaling pathways such as MAPK, and HER2 signal 

is a strong autonomous signal, it is tempting to speculate that negative feedback suppresses 

activation of SphK1 in HER2 positive breast cancer. It has been also reported that SphK1 

gene expression is significantly higher in ER negative tumors than ER positive tumors [17, 

38], however, we were unable to see that trend in our samples probably due to small number 

of patients.

We found that the expression of pSphK1 is low while the S1P levels are high in the TN 

tumors. This discrepancy between the low expression of pSphK1 and high S1P levels in the 

TN tumor suggests that the main provider of S1P in TN breast cancer may not be the tumor, 

but the tumor microenvironment. It has been reported that TN breast cancer is more 

immunogenic and has higher rate of tumor infiltrating lymphocytes [39]. Furthermore, given 

that immune cells express SphK1 and secrete S1P, we cannot help but speculate that the 

tumor microenvironment with more immune cells, but not the tumor itself, may provide S1P 

in the TN tumors.

We demonstrated an association between S1P and serum white blood cell count. S1P and its 

receptors have long been known to be crucial regulators of inflammatory and immune cell 

movement [40-42]. It is now recognized that in both homeostatic and disease settings, the 

SphK1-S1P-S1PRs axis controls the trafficking and migration of numerous types of immune 

cells, including T and B lymphocytes, natural killer T cells, dendritic cells, macrophages, 

neutrophils, hematopoietic progenitors, mast cells and osteoclasts [43-46]. This is in 

agreement with a previous report that the levels of S1P increase in patients with high WBC 

count [3, 23-25]. In the current study, we found that higher levels of tumor S1P are 

significantly associated with high WBC count in breast cancer patients, although the 

absolute difference in the levels is not large. We have previously shown that S1P levels of 

Tsuchida et al. Page 7

J Surg Res. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



serum were affected by breast tumor [6]. Moreover, it has been reported that the blood S1P 

levels are maintained within a relatively small range, and minimal changes in S1P levels 

affect the immune system and human conditions. For instance, it was reported that slight 

decreases in S1P in high-density lipoprotein of serum was associated with type 1 diabetes 

mellitus [47]. It is also known that slight decreases in S1P in high density lipoproteins-

containing serum fractions is associated with ischemic heart disease [48]. These findings 

suggest that even the small change of S1P levels can be related to the human disease.

The main limitations of this study are the retrospective nature of the analysis of a limited 

number of patients. To our knowledge, however, this is one of the largest series describing 

with the quantified mass levels of bioactive sphingolipids and the staining intensity of 

pSphK1 from human breast cancer tumor tissues and evaluating those levels with clinical 

data. Considering that breast cancer tissue S1P levels are associated with lymphatic 

metastasis, we believe that S1P in tumor may be useful as one of the biomarkers of 

lymphatic metastasis. Further, given the fact that lipid mediators including S1P have been 

overlooked as signaling molecules that play important roles in cancer progression until 

recently, it is possible that S1P and SphK1 may become one of the additional therapeutic 

targets in breast cancer.

5. Conclusion

This is the first study to our knowledge to demonstrate that breast cancer tissue S1P levels 

are associated with activated SphK1 expression in cancer and lymphatic metastasis. Our 

results suggest that higher levels of S1P in cancer tissue are correlated with lymph node 

metastasis in human patients with breast cancer.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Levels of sphingosine-1-phosphate (S1P) and other sphingolipids in breast cancer tissue 

compared with the blood cell counts of the patients. The levels of S1P and sphingosine were 

determined by LC-ESI-MS/MS in patients with white blood cell (WBC) < 6100 /μl or ≧ 
6100 /μl (A and B) and platelet (Plt) 25×104 /μl or ≧ 25×104/μl (C and D). Mean values are 

shown by horizontal lines. The statistical analysis was done by the Mann-Whitney U test.
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Fig. 2. 
Levels of S1P and other sphingolipids in breast cancer tissue based on status of ER, PgR or 

HER2 overexpression/amplification. The levels of S1P were determined in the patients with 

ER negative or positive (A), and in the patients with PgR negative or positive (B). The levels 

of S1P and sphingosine were determined in the patients with HER2 overexpression/

amplification negative or positive (C and D). Mean values are shown by horizontal lines. 

The statistical analysis was done by the Mann-Whitney U test.
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Fig. 3. 
S1P levels are associated with phospho-sphingosine kinase 1 (pSphK1) expression. (A) 

Staining intensity is determined as shown; the staining intensity was scored as 0 (negative), 

1 (weak), 2 (moderate), or 3 (strong). The staining score 0 and 1 was determined as pSphK1 

negative and 2 and 3 determined as pSphK1 positive. (B) The levels of S1P were determined 

in the patients with pSphK1 negative or positive. Mean values are shown by horizontal lines. 

The statistical analysis was done by the Mann-Whitney U test.
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Fig. 4. 
pSphK1 positive ratio in breast cancer tissue compared with HER2 overexpression. (A) 

pSphK1 positive ratio were determined in the patients with HER2 overexpression/

amplification negative or positive. (B) Immunohistochemistry with HER2 and pSphK1 for 

patients with HER2 overexpression. All five cases of HER2 overexpression displayed 

pSphK1 negative status.
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Fig. 5. 
Levels of S1P in breast cancer tissue compared with pathological primary tumor (pT), 

nuclear grade (NG), the Ki-67 index and vascular invasion (v). The levels of S1P were 

determined in patients with pT1 or pT2-4 (A), NG 1 or NG 2, 3 (B), Ki-67 index < 14 or 

Ki-67 index ≧ 14 (C), and v absent or v present (D). Mean values are shown by horizontal 

lines. The statistical analysis was done by the Mann-Whitney U test.
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Fig. 6. 
Levels of S1P and sphingosine in breast cancer tissues compared with the lymphatic 

invasion (ly) and pathological regional lymph nodes (pN) status. The levels of S1P and 

sphingosine were determined in the patients with ly absent or ly present (A and B), and in 

the patients with pN0 or pN1-3 (C and D). Mean values are shown by horizontal lines. The 

statistical analysis was done by the Mann-Whitney U test.
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Table 1

Clinical Background

Characteristics Number of patients (%)

Age (years)

 <60 21 (60)

 ≧60 14 (40)

Menopause status

 Premenopausal 14 (40)

 Postmenopausal 21 (60)

Body Mass Index

 <25 27 (77)

 ≧25, <35 8 (23)

Type of surgery

 Mastectomy + SLNB 15 (43)

 Mastectomy + Ax 13 (37)

 Lumpectomy + SLNB 2 (6)

 Lumpectomy + Ax 5 (14)

Ax: axillary lymph node dissection; SLNB: sentinel lymph node biopsy
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Table 2

Pathological Background

Characteristics Number of patients (%)

Primary tumor*

 T1 11 (31)

 T2 19 (54)

 T3 5 (14)

Regional lymph nodes*

 N0 18 (51)

 N1 9 (26)

 N2 6 (17)

 N3 2 (6)

Distant metastasis*

 M0 35 (100)

 M1 0 (0)

Stage*

 I 6 (17)

 II 19 (54)

 III 10 (29)

Lymphatic invasion*

 Absent 27 (77)

 Present 8 (23)

Vascular invasion*

 Absent 31 (89)

 Present 4 (11)

Ki-67 index

 <14 12 (34)

 ≧14 23 (66)

NSAS nuclear grade

 1 25 (71)

 2 5 (14)

 3 5 (14)

Estrogen receptor expression

 Negative 7 (20)

 Positive 28 (80)

Progesterone receptor expression

 Negative 6 (17)

 Positive 29 (83)

HER2 overexpression/amplification

 Negative 30 (86)

 Positive 5 (14)
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*
According to the AJCC cancer staging system [22].
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Table 3

Relationship between phospho-sphingosine kinase 1 (pSphK1) and clinicopathological factors

pSphK1 (n=35)

Negative Positive P-value

Primary tumor*

 T1 8 3 1.00

 T2,T3,T4 16 8

Regional lymph nodes*

 Negative 16 5 0.28

 Positive 8 6

Estrogen receptor expression

 Negative 6 1 0.39

 Positive 18 10

Progesterone receptor expression

 Negative 5 1 0.64

 Positive 19 10

HER2 overexpression/amplification

 Negative 19 11 0.16

 Positive 5 0

Ki-67 index

 <14 6 6 0.13

 ≧14 18 5

NSAS nuclear grade

 1 16 9 0.45

 2,3 8 2

Lymphatic invasion*

 Absent 19 8 0.69

 Present 5 3

Vascular invasion*

 Absent 21 10 1.00

 Present 3 1

White blood cell count (cells per uL)

 <6100 13 9 0.15

 ≧6100 11 2

Platelet count (cells ×104 per μL)

 <25 9 7 0.27

 ≧25 15 4

*
According to the AJCC cancer staging system [22].

J Surg Res. Author manuscript; available in PMC 2017 September 01.


	Abstract
	1. Introduction
	2. Material and Methods
	2.1. Human breast cancer tissue samples
	2.2. Quantification of Sphingolipids by LC-ESI-MS/MS
	2.3. Pathologic Examination
	2.4. Comparison of the sphingolipids levels in the breast cancer tissue with clinicopathological status of breast tumors
	2.5. Statistical Analysis

	3. Results
	3.1. Determination of sphingosine-1-phosphate (S1P) and other sphingolipid levels from 35 human patients with breast cancer
	3.2. S1P levels in human breast cancer are higher in patients with leukocytosis
	3.3. S1P levels are affected by HER2 status, but not estrogen receptor (ER) or progesterone receptor (PgR) status
	3.4. High expression of phospho-SphK1 is associated with S1P levels
	3.5. All five tumors with HER2 overexpression/amplification displayed suppressed expression of pSphK1
	3.6. The expression of pSphK1 is low while the levels of S1P are high in the triple negative (TN) tumors
	3.7. S1P levels are higher in the patients with lymph node metastasis (pN)

	4. Discussion
	5. Conclusion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6
	Table 1
	Table 2
	Table 3

