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Chitotriosidase, a marker of innate immunity, is elevated in patients with primary breast cancer. 
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Abstract: 

Background: Cancer progression has been associated with altered immune cell function and 

activation. Neopterin, which is secreted by interferon-γ stimulated macrophages, exhibits an 

association with multiple cancer types and metastatic disease. Chitotriosidase, which is secreted by 

chronically activated macrophages and granulocyte-macrophage colony-stimulating factor stimulated 

neutrophils has not been studied in the setting of cancer.  

Objective: The goal of this discovery study was to screen chitotriosidase for diagnostic capacity in 

detecting cancer and compare its operating characteristics with those of neopterin. 

Methods: Serum from subjects with breast (n = 66) or prostate (n = 70) cancer, and from 204 subjects 

free of malignant disease were studied. Chitotriosidase was measured by enzyme activity assay, while 

neopterin was measured by a competitive enzyme immunoassay. Statistical analyses included group 

comparisons by Mann Whitney U test, diagnostic capacity by receiver operating characteristics 

(ROC) curve analysis and biomarker associations with physiologic and clinical measures by 

Spearman correlation. 

Results: Chitotriosidase activity was significantly higher in both cancer types compared with gender 

matched controls, though only in breast cancer was the diagnostic capacity significant (area under the 

ROC curve of 0.97 ± 0.01). In contrast, neopterin was significantly elevated in prostate cancer and 

exhibited discriminatory capacity (area under the ROC curve of 0.76 ± 0.05). Age, BMI, % body fat 

and metastasis were variables that correlated with neopterin, but not chitotriosidase levels. 

Conclusions: The operating characteristics of serum chitotriosidase were different from neopterin and 

further analysis of chitotriosidase as a biomarker for breast cancer is warranted. 
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Introduction 

Tumor growth and progression is associated with inflammation, altered immune function and 

activation [1]. The tumor microenvironment is characterized by the presence of host leucocytes in the 

tumor and its surrounding stroma [2].  Tumor-associated macrophages are a significant component of 

inflammatory infiltrates in malignant tumor tissues. They play an important role in cancer 

progression by stimulating tumor-cell proliferation, promoting angiogenesis, tumor invasion and 

metastasis [2,3] and are associated with poor prognosis in a variety of human cancers [4]. Neutrophils 

are normally relatively short-lived rapid responders to inflammation. Tumor associated neutrophils 

have also been associated with tumor progression and poor prognosis [5-7].  

 

Neopterin, a GTP metabolite, is a product of human monocyte-derived macrophages 

stimulated by activated T cell release of interferon-γ [8]. Therefore, elevated neopterin can reflect 

systemic immune activation and the effect of cytokines on macrophages [9]. Although the biological 

function of neopterin is still not well understood, it may be an indicator of oxidative stress and 

reactive oxygen species formation [10]. Reactive oxygen species are known to play a significant role 

in initiation, proliferation and survival of cancer cells [11]. A positive correlation between high levels 

of neopterin and advanced tumor stage has been observed for a number of malignancies including 

leukemia, lymphoma, multiple myeloma, malignant melanoma and cancer of the breast, cervix, 

colon, liver, lung, ovaries, pancreas, prostate, and stomach [9].  

 

Chitotriosidase, a member of the glycosyl hydrolase family, is a secreted enzyme that 

catalyzes the hydrolysis of both chitin and chitin-like substrates [12]. Chitotriosidase serves as a 

diagnostic marker of Gaucher disease where tissue resident macrophages are chronically activated 



 4 

and secrete high levels [13]. Chitotriosidase production was also found to be associated with 

pathogen-driven diseases, particularly with chronic fungal infection and with reticulo-endothelial 

activations, indicating its role as an innate immunity component of the macrophage-driven 

inflammatory process [14,15]. Neutrophils can also be a potential source of serum chitotriosidase 

activity, releasing it from granules when stimulated with granulocyte-macrophage colony-stimulating 

factor [15]. The serum distribution of chitotriosidase has not been described in the setting of cancer. 

 

We hypothesized that serum chitotriosidase activity would reflect a tumor extrinsic (host) 

contribution to modifying disease progression and, given its association with chronic inflammation, 

that chitotriosidase would exhibit greater sensitivity and specificity than neopterin for cancer 

detection. Hence, the current discovery study characterized a novel cancer biomarker, chitotriosidase, 

and compared it with the extensively studied innate immune biomarker neopterin. The biomarkers 

were characterized in terms of distribution and diagnostic capacity using serum from normal subjects 

and subjects with breast or prostate cancer. Breast and prostate cancer share a number of similarities 

including steroid hormone modulation, stromal cell/tumor microenvironment promotion of disease 

progression, and immune system changes that facilitate cellular transition through different 

oncogenic steps [16].  Biomarker associations with physiologic covariates (age, BMI, % body 

fat) and clinical measures were also determined.  

 

Materials and Methods 

 

Sample selection. 
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Serum from  66 subjects with breast cancer (n = 8 for stage I, n = 22 for stage II, n = 22 stage 

II and n =  14 for stage IV), 70 subjects with prostate cancer (n = 22 for T2, n = 26 for T3, and n = 22 

for T4), and from a group of 204 normal healthy women and  men were obtained from an existing 

Johns Hopkins Bayview Medical Center repository [17,18]. Inclusion criteria as a normal healthy 

serum donor included measures within the normal range for fasting glucose (< 100 mg/dl) and TSH 

(0.5 - 2.1 mIU/mL), as well as a clinical assessment by a physician. Serum samples from cancer 

subjects were collected at time of diagnosis, before initiation of treatment. Exclusionary criteria 

included a history of diabetes mellitus, congestive heart failure, stroke, pulmonary disease, renal or 

hepatic dysfunction, dementia, cancer of any other organ system, any chronic inflammatory condition 

(e.g., rheumatoid arthritis), or the use of anti-inflammatory agents (e.g., steroids).  

 

Clinical Measures. 

Anthropometric measures included height and weight. Foot-to-foot bio-impedance analysis 

was conducted to estimate percentage of body fat  (% fat) using a Tanita scale (Tanita Corporation of 

America; Arlington Heights, IL). The physiological covariates associated with each specimen 

included age, gender, BMI and % body fat. Clinical findings associated with the serum samples 

included Union for International Cancer Control (UICC) staging, estrogen receptor (ER), 

progesterone receptor (PR) and HER-2 neu expression status for subjects with breast cancer and 

prostate-specific antigen levels (PSA) for subjects with prostate cancer. The hormone sensitivity of 

the prostate tumors was not determined. The study was approved by Johns Hopkins Bayview Medical 

Center institutional review board. 

 

Serum Assays:  
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Serum specimens were obtained in a resting and fasting state in the morning. All venous 

samples were placed at 4o C prior to serum separation. After centrifugation at 3000 rpm for 20 

minutes, the serum was aliquoted and stored at -80oC. Chitotriosidase enzyme activity was measured 

by kinetic assay using the substrate 4-methylumbelliferyl-β-D-N', N', N'' triacetylchitotrioside as 

previously described [18]. Briefly, enzyme activity was measured by incubating 5µL of serum with 

substrate (22 µmol/L 4-methylumbelliferyl-β-D-N’, N’, N’’ triacetylchitotrioside) in McIlvain’s 

phosphate citrate buffer, pH = 5.2. The evolution of the fluorescent product 4-methylumbelliferone 

was measured at excitation 360 nm and emission 450 nm for a total reaction time of one hour. 

Standard curves for the reaction product, 4-methylumbelliferone, spanning 1 and 100 nM were 

included to convert fluorescent values to nmols of product and the slope over 6 minutes was then 

used to calculate enzyme activity expressed as pmol/min/ml.  Neopterin was measured as previously 

described using a commercially available competitive ELISA following the manufacturer’s protocol 

[19]. For both assays, serum samples were analyzed in duplicate and if the replicate coefficient of 

variance was > 15%, the sample was reanalyzed. 

 

The lower limit of detection (LLOD) and lower limit of quantitation (LLOQ) were determined 

for the chitotriosidase assay following methodology proposed by the International Council for 

Harmonization [20].  LLOD was calculated using the formula LLOD = 3.3σ/S, where σ is the 

standard deviation of the y-intercept of the regression line of the calibration curve (n = 15) and S is 

average slope of the calibration curve. LLOQ was calculated using the formula LLOQ = 10σ/S. The 

enzyme activity assay had a lower limit of detection of 10 pmol/min/ml and a lower limit of 

quantitation of 30 pmol/min/ml. The chitotriosidase assay had an inter-assay coefficient of variance 

of 11 % for a control serum sample with an average activity of 70 pmol/min/ml. The competitive 
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ELISA had a sensitivity of 0.8 nM and and a control sample with an average value of 8.0 nM had a 

coefficient of variance of 6.0%. 

 

Statistical Analysis 

All statistical calculations were carried out using Prism and InStat software (GraphPad, Inc.). 

The comparison of variables or serum markers between groups were performed by using a Mann-

Whitney U-test. The relationship between specificity and sensitivity for each marker was profiled by 

receiver operating characteristic (ROC) curves. Optimal cut off values for biomarkers were identified 

using Youden's J statistic. Correlations between serum markers and individual physiologic covariates 

or clinical measures were assessed using Spearman rank correlations. There were limited numbers of 

subjects in some clinical stage, hence cancer samples were divided into two groups for comparison: 

those with localized disease and those with evidence of distant metastasis. 

 

Results 

The characteristics of normal and cancer subjects are listed in Table I. Age was significantly 

higher in breast cancer subjects when compared to the normal female serum donors (unpaired t-test p 

< 0.005). BMI and % body fat were not significantly different between the normal and breast cancer 

groups. Approximately two thirds of breast cancer subjects were ER positive (ER+) or PR positive 

(PR+), while one tenth were both ER and PR negative. One fifth of the breast cancer subjects were 

Her-2 positive (Her2+). Age was significantly higher for prostate cancer when compared to gender-

matched normal subjects, p < 0.0001. PSA levels were also significantly higher in subjects with 

prostate cancer compared to disease-free male subjects (p < 0.0001). No difference in age, BMI % or 

body fat was found between subjects with localized or metastatic breast or prostate cancer.  
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An enzymatic assay was employed to quantify the amount of chitotriosidase present in serum. 

An age-dependent difference in the rate of substrate conversion into product was apparent in serum 

from normal female and male subjects (Figure 1A and B). Serum from subjects with breast cancer 

exhibited elevated enzyme activity rates independent of age  (Figure 1C). Prostate cancer serum also 

exhibited no age-associated change in enzyme activity and their rates of substrate conversion were 

less then in breast cancer serum (Figure 1D).  The median chitotriosidase activity for serum from 

normal female donors was 67.3 (range 14.8-340.8) pmol/min/ml which was not significantly different 

from the median value of 70.2 (range 20.0 to 267.1) pmol/min/ml for serum from normal males 

(Figure 2A). Serum from subjects with breast cancer had a median chitotriosidase activity of 396.4 

(range 119.7 to 978.4) pmol/min/ml, p < 0.0001 compared with normal female serum. Serum from 

prostate cancer subjects had a median chitotriosidase activity of 114 (range 11 to 706) pmol/min/ml, 

p < 0.05 compared with normal male serum.  

 

The median value of neopterin was 6.77 (range 2.92 to 13.43) nM in serum from normal 

female donors and  6.56 (range 3.37 to 10.50) nM in serum from normal male donors, not 

significantly different (Figure 2B). The median value of serum neopterin was 6.58 (range 3.60 to 

15.69) nM in breast cancer subjects, no different from that in gender matched normal serum. A 

median neopterin value of 8.28 (range 3.88 to 60.74) nM in prostate cancer subjects was significantly 

higher from that in normal male serum, p < 0.0001.  

 

The discriminatory capacity of serum levels of chitotriosidase to detect cancers was profiled 

by  ROC curve analysis (Figure 2C). For distinguishing between breast cancer subjects and disease-
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free females, the area under the curve (AUC) was significant for chitotriosidase with an AUC of 0.97 

(95% confidence interval 0.95 - 0.99), (p < 0.0001). Based on the ROC curve analysis, on average, a 

breast cancer patient will have a more abnormal chitotriosidase test result than 97% of the normal 

subjects. At a serum level cut off of 230 pmol/min/ml, chitotriosidase had a  sensitivity of 79% (95% 

confidence interval 67 - 88) and a specificity of 96 % (95% confidence interval 91 - 99) with a 

likelihood ratio of 22. A subject with a chitotriosidase activity of greater than 230 pmol/min/ml will 

be 22 times more likely to have breast cancer than someone with lower activity. Serum levels of 

chitotriosidase exhibited diminished ability to discriminate between serum from normal and prostate 

cancer (AUC of 0.64, 95% confidence interval 0.53 to 0.75, p < 0.05). At the serum level cut off of 

230 pmol/min/ml, chitotriosidase had a sensitivity of 19% (95% confidence interval 8 to 35) and a 

specificity of 97 % (95% confidence interval 92 to 99) with a likelihood ratio of 6.5 for prostate 

cancer.  

 

The capacity of serum levels of neopterin to detect cancer was also profiled by  ROC curve 

analysis (Figure 2D). The AUCs were 0.68 (95% confidence interval 0.42 to 0.59, p = 0.88) and 0.76 

(95% confidence interval 0.68 to 0.84, p < 0.0001), for detecting breast or prostate cancer, 

respectively from gender-matched normal sample donors. Neopterin had no discriminatory power to 

detect breast cancer while on average, a prostate cancer patient would have a more abnormal 

neopterin test result than 76 % of the controls. At a serum level cut off of 7.6 nM, neopterin had a 

sensitivity of 70 % (95% confidence interval 58 to 80) and a specificity of 85 % (95% confidence 

interval 76 to 92) with a likelihood ratio of 4.7 for prostate cancer. 
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Associations between the two biomarkers and physiologic covariates were investigated next. 

Significant correlations were observed in normal serum between age and chitotriosidase with a 

Spearman r of 0.46 (95% confidence interval 0.29 - 0.60), p < 0.0001 for serum from females and a 

Spearman r of 0.30 (95% confidence interval 0.09 to 0.48), p < 0.005 for serum from males. The 

association of age with chitotriosidase activity lost significance in serum samples from cancer. BMI 

and % body fat  did not significantly correlate with chitotriosidase activity in serum from normal 

donors as well as from subjects with breast or prostate cancer.  

 

In contrast, neopterin was significantly correlated with age in serum from normal females 

(Spearman r of 0.30, 95% confidence interval 0.11 to 0.46, p < 0.005), normal males (Spearman r of 

0.54, 95% confidence interval 0.37 to 0.68, P < 0.0001), and from subjects with breast cancer 

(Spearman r of 0.27, 95% confidence interval 0.02 to 0.48, p< 0.05). Significant associations between 

BMI and and neopterin were observed observed in serum from normal females (Spearman r of 0.40, 

95% confidence interval 0.23 to 0.55, p < 0.001) and males  (Spearman r of 0.40, 95% confidence 

interval 0.23 to 0.55, p < 0.001), but not in serum from subjects with cancer. Percent body fat 

significantly correlated with neopterin activity only in samples from normal females (Spearman r = 

0.39, 95% confidence interval 0.21 to 0.54, p < 0.0001). 

 

The relationship between the two biomarkers and clinical measures were assessed. For 

chitotriosidase in breast cancer, there were no significant associations with receptor status. The 

median chitotriosidase activity in localized breast cancer was 387.4 (range 119.7 to 978.4) 

pmol/min/ml versus 443.1 (range 191.8 to 786.1) pmol/min/ml for metastatic breast cancer. The 

values were not significantly different. In prostate cancer, serum chitotriosidase did not correlate with 
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PSA levels. The median chitotriosidase activity in localized prostate cancer was 93.8 (range 11.2 to 

583.8) pmol/min/ml while metastatic prostate cancer had a median chitotriosidase activity of 130.6 

(range 37.1 to 606.9) pmol/min/ml, not significantly different. 

 

Neopterin also had no significant associations with receptor status in breast cancer. In contrast 

to chitotriosidase, neopterin exhibited a number of associations with other clinical measures. The 

median value of neopterin in localized breast cancer was 6.34 (range 3.60 to 15.69) nM versus 10.02 

(range 5.54 - 15.69) nM for metastatic breast cancer, p < 0.005. Neopterin was significantly 

correlated with PSA levels in prostate cancer with a Spearman r of 0.58 (95% confidence interval of 

0.32 to 0.76), p < 0.0001. Localized prostate cancer had a median of 8.26 (range 2.88 to 14.17) nM 

while metastatic prostate cancer had a median of 21.7 (range 4.18 to 60.74) nM, p < 0.0005. A 

summary table reporting study design and results following the Reporting Recommendations for 

Tumor Marker Prognostic Studies (REMARK) guidelines [21] adapted to an earlier phase discovery 

study are given in Table 2. 

 

Discussion 

 

Based on 2010-2012 data, at some point during their lifetime approximately 12 % of women 

will be diagnosed with breast cancer and 14 % of men will be diagnosed with prostate cancer [22]. 

Age-adjusted annual death rates per 100,000 for 2012 were 21.9 for breast cancer and 21.4 for 

prostate cancer [23]. Cancer progression and metastases are the cause of 90% of human cancer deaths 

[24]. Chronic immune activation is believed to contribute to tumor growth and metastasis [25,26]. 

Validated tumor markers in breast cancer include tissue based ER, PR, and HER-2, status [27]. In the 
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current study, there was no association between ER, PR and HER-2 status with neopterin or 

chitotriosidase levels. This is consistent with hormone and growth factor receptors being tumor 

intrinsic markers. whereas chitotriosidase and neopterin reflect the tumor extrinsic host immune 

response.  Serum tumor markers that are clinically used for breast cancer are CA 15-3, CA 27-29, and 

CEA (carcinoembryonic antigen). However, due to their low sensitivity and specificity, the American 

Society of Clinical Oncology expert panel in breast cancer recommends using those serum tumor 

markers in metastatic disease only [28]. For prostate cancer, PSA has been used for screening 

purposes though it does not have ideal specificity as it can be elevated in certain benign conditions 

such as acute prostatitis and benign prostatic hyperplasia and  approximately 15% of PCA cases 

occur in men with very low serum PSA values [29,30]. The identification of novel candidate 

diagnostic biomarkers for both cancer types remains a priority. 

 

During cancer progression, activated tumor associated macrophages and neutrophils can can 

promote genetic instability, tumor growth, angiogenesis and invasive behavior [31]. In the current 

study, markers associated with macrophage and neutrophil activation were correlated with 

physiological and clinical correlates in breast and prostate cancer. The earliest stage of breast cancer 

was associated with significant elevation of chitotriosidase, while neopterin was significantly 

elevated in late stage metastatic disease. The observation of elevated neopterin levels in subjects with 

metastatic disease are in agreement with previous studies demonstrating that higher serum levels of 

neopterin were associated with poor prognosis and the presence of distant metastasis in breast and 

prostate cancer [32,33]. The age- and BMI-associated contributions to biomarker levels observed in 

the current study are consistent with observations in other populations. Chitotriosidase was reported 

to exhibit an age-associated increase in serum levels in normal subjects [18]. The biomarker 
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neopterin has been reported to be influenced by both age and BMI in serum from normal and obese 

subjects and subjects with sleep apnea [34,19]. 

 

Breast and prostate cancer share similar biological (sex hormone sensitive and insensitive 

states) and epidemiological characteristics (incidence and mortality). For both breast and prostate 

cancer, a high neutrophil to lymphocyte ratio (a marker of inflammation) was prognostic for worse 

overall survival and disease-free survival [35,36]. Despite these similarities, differences in underlying 

pathophysiology have been observed. Chronic inflammation was higher in biopsies from men with a 

benign prostate versus those with prostate cancer and inversely correlated with tumor volume in a 

two year repeat biopsy in men who had a negative baseline biopsy [37,38]. In the current study, 

elevated chitotriosidase activity associated with breast but not prostate cancer may be indicative of a 

further difference between the two cancer types. Chitotriosidase is a marker of the chronic activation 

of the dedicated phagocytic cells - macrophages and neutrophils, hence there may be an organ-

specific difference in how these immune cells interact with the tumor microenvironment. 

 

Limitations to this study include that it involved relatively small discovery groups, the serum 

samples were cross-sectional and considerable overlap between normal and cancer values were 

evident in some cases. Measuring circulating levels of a biomarker does not necessarily identify the 

secreting cells, so it is unclear whether macrophages or neutrophils or some combination may be 

contributing to altered levels of chitotriosidase in breast cancer. Additionally, as potential biomarkers 

for cancer, chitotriosidase and neopterin may lack disease specificity in that they are induced in a 

number of other pathological states. Neopterin serum levels are increased in viral infections, various 

malignant disorders, autoimmune diseases, liver, kidney and heart disease [39,40]. Serum levels of 
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chitotriosidase are elevated in Gaucher disease [41] and in other disorders associated with chronic 

macrophage activation including Wegener's granulomatosis [42], and sarcoidosis [43]. A large case - 

control validation study  of chitotriosidase as a marker of early stage breast cancer would address a 

number of these limitations and is being planned. 

 

CONCLUSION:  

Chitotriosidase exhibited a significant ability to distinguish between disease-free subjects and 

subjects with diagnosed breast cancer. Neopterin, though elevated in metastatic disease, did not 

exhibit diagnostic capacity in breast or prostate cancer. Further studies should be done to validate 

chitotriosidase as a biomarker and to investigate the biology of macrophage and neutrophil activation 

in breast cancer progression. 
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Table 1. Study subject characteristics. 
 
 n Age, years BMI kg/m2 % body fat ER+ PR+ ER+PR+ Her2+ 

female NL  111 53 ± 18 27.9 ± 8.5 36.3 ± 6.6 - - - - 

Breast Ca 66 62 ± 14 25.2 ± 3.9 34.9 ± 2.9 41 (71) 41 (62) 29 (44) 14 (21) 

localized 52 60 ± 15 24.9 ± 4.0 34.7 ± 3.1 38 (73) 33 (63) 23 (44) 9 (17) 

metastatic 14 66 ± 8 26.4 ± 3.0 35.6 ± 1.8 9 (64) 8 (57) 6 (43) 5 (36) 

 n Age, years BMI kg/m2 % body fat PSA ng/ml 

male NL 93 52 ± 17 24.2 ± 3.6 18.4 ± 2.7 0.85 (0.36 to 2.43) 

Prostate Ca 70 66 ± 9 24.0 ± 4.5 18.1 ± 3.4 27 (1.9 to 69) 

localized 48 66 ± 9 25.1 ± 5.7 20.2 ± 7.5 8.3 (1.9 to 67) 

metastatic 22 67 ± 8 24.8 ± 7.6 19.8 ± 10.0 53 (4.8 to 69) 

 

Values for age, BMI and % body fat are mean ± standard deviation. Values for prostate specific 

antigen (PSA) were median with range in parenthesis. Values for negative estrogen receptor (ER-), 

negative progesterone receptor (PR-), and positive Her-2 Neu receptor (Her2+) are number  subjects 

(%).  
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Table 2. REMARKa Summary Table 
a). Patient Samples, treatment and variables 

Study and marker Remarks 

Markers M1 = chitotriosidase, continuous enzyme activity (pmol/min/ml) 

M2 = neopterin, continuous nM values 

Further variables Continuous: v1 = age, v2 = BMI, v3 = % body fat, v4 = PSA 

Categorical: v5 = ER, v6 = PR, v7 = HER2, v8 = metastasis 

Samples n Remarks 

No cancer 111 ♀ 

  93 ♂ 

Archived samples, source: Johns Hopkins Bayview Medical 

Center; inclusions: normal serum chemistry, anthropometrics and 

clinical evaluation 

Breast cancer 

Prostate cancer 

66 

70 

Archived samples, source: Johns Hopkins Bayview Medical Center, 

inclusions: serum draw at time of diagnosis, before treatment. 

b) Statistical analysis 

Analysis Cases Controls Variables  Results/Remarks 

A1: Univariable 66 

70 

111 

93 

v1 to v6 

v1 to v6 

v1 significant 

v1 and v8 significant 

A2: Univariable 66 

70 

111 

93 

DX: M1 

DX: M2 

ROC curve, Fig. 2C, AUC=0.97±0.01 

ROC curve, Fig. 2D, AUC=0.76±0.05 

A3: Multivariable 66 

 

 

70 

111 

 

 

93 

M1: v1 to v6 

M2: v1 to v6 

 

M1: v1 to v6 

M2: v1 to v6 

v1 significant (controls) 

v1 and v2 significant (cases & controls) 

v3 significant (controls) 

v1 significant (controls) 

v4 and v8 significant (cases) 

a Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) summary table 

adapted to an earlier phase diagnostic study. Abbreviations: ER, estrogen receptor; PR, progesterone 
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receptor; HER2, HER2 neu receptor; PSA, prostate specific antigen; DX, diagnostic capacity.
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Figure Legends 

 

Figure 1. Chitotriosidase activity in human serum. Representative profiles of the evolution of 

fluorescent enzymatic product as a function of time are shown for serum obtained from normal 

female subjects (A), normal male subjects (B), subjects with breast cancer (C), and subjects with 

prostate cancer cancer (D). Age and cancer stage are indicated. 

 

Figure 2. Distribution and discriminatory capacity serum markers cancer. Levels of chitotriosidase 

(A) and neopterin (B) were compared between normal females (NLfemales), normal males (NLmales), 

breast cancer (BCA), and prostate cancer (PCA). Bar represent median values in panels A and B. 

Comparisons between stages were by Mann Whitney U-test and brackets mark the group that was 

significantly different from all other groups. Serum levels of chitotriosidase (C) and neopterin (D) 

were subjected to analysis by ROC curve analysis for breast (circle) and prostate (square) cancer 

detection. The area under the curve (AUC) and its standard deviation are shown. 
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