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Abstract

Background

Bone metastases often occur in the majority of patients with advanced cancer, such as

prostate cancer, lung cancer and breast cancer. Serum tartrate-resistant acid phosphatase

5b (TRACP 5b), a novel bone resorption marker, has been used gradually in the clinics as a

specific and sensitive marker of bone resorption for the early diagnosis of cancer patients

with bone metastasis. Here, we reported that high concentrations of uric acid (UA) lead to

decrease of TRACP 5b levels and determined whether TRACP 5b level was associated

with UA in interference experiment.

Methods

A total of 77 patients with high concentrations of UA and 77 healthy subjects were tested to

evaluate the differences in their TRACP 5b levels. Serial dilutions of UA were respectively

spiked with a known concentration of TRACP 5b standard sample, then Serum TRACP 5b

was detected by using bone TRAP1 Assay. A correction equation was set to eliminate UA-

derived TRACP 5b false-decrease. The effect of this correction was evaluated in high-UA

individuals.

Results

The average TRACP level of the high-UA individuals (1.47± 0.62 U/L) was significantly

lower than that of the healthy subjects (2.62 ± 0.63 U/L) (t-test, p<0.0001). The UA correc-

tion equation derived: ΔTRACP 5b = -1.9751lgΔUA + 3.7365 with an R2 = 0.98899. Applica-

tion of the UA correction equation resulted in a statistically non-significant difference in

TRACP 5b values between the healthy subjects and high-UA individuals (p = 0.24).

Conclusions

High UA concentrations can falsely decrease TRACP 5b levels due to a method-related

systematic error. To avoid misdiagnoses or inappropriate therapeutic decisions, increased
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attention should be paid to UA interference, when TRACP 5b is used for early diagnosis of

cancer patients with bone metastasis, evaluation of the aggressiveness of osteosarcoma or

prediction of survival in prostate cancer and breast cancer with bone metastases.

Introduction
With very few exceptions, the natural history of all kinds of tumors is known to progress from
localized indolent stages to aggressive metastatic stages[1,2]. Once metastasis occurs, most
patients become incurable[3]. Bone metastases are common in tumor metastases. Bone metasta-
ses often occur in the majority of patients with advanced cancer, such as prostate cancer[4], lung
cancer[5] and breast cancer[6]. Bone metastases can cause severe pain to the patients, as well as
significant resource requirements and costs to the care providers. Bone metastases can also lead
to significant morbidity such as bone pain, pathological fractures, impaired mobility, hypercalce-
mia and spinal cord compression[7–10]. Accurate reliable detection of metastatic bone disease is
very important for primary staging because it could affect the therapeutic decision[7]. The diag-
nosis of bone metastasis is usually performed initially with bone scintigraphy screening and con-
firmed by plain radiography and/or computed tomography or magnetic resonance imaging[11].
Although the sensitivity of bone scintigraphy is quite high, its specificity is not satisfactory
because of false-positive values caused by inflammation and traumatic fracture[12].

Tartrate-resistant acid phosphatase 5b (TRACP 5b) is generally secreted by osteoclasts dur-
ing bone resorption[13,14]. Its activity can be specifically measured in serum by immunoassays
and has been devised as a marker of bone resorption[5,6,15,16]. The role of serum TRACP 5b
has been well documented in diseases with a high bone resorption rate, such as osteoporosis,
multiple myeloma, bone metastases from breast cancer, lung cancer, and prostate cancer[17–
20]. Serum TRACP 5b has been used gradually in the clinics as a specific and sensitive marker
of bone resorption for the diagnosis of cancer patients with bone metastasis [21,22], for the
evaluation of the aggressiveness of osteosarcoma [23], and as a marker of late loosening of total
hip arthroplasty [24]. In addition, TRACP 5b has been proved to be predictive of survival in
prostate cancer and breast cancer with bone metastases[25,26].

Uric acid (UA) is a heterocyclic compound of carbon, nitrogen, oxygen, and hydrogen with
the formula C5H4N4O3. UA is a product of the metabolic breakdown of purine nucleotides.
High blood concentrations of UA can lead to gout[27]. High intake of dietary purine, high-
fructose corn syrup, table sugar, and certain drugs such as thiazide diuretics can cause
increased levels of UA. Hyperuricemia is associated with increased risk of colorectal, breast,
prostate, and other cancers[28–30]. Meanwhile, cancer itself could promote hyperuricemia
through cancer related cell death, due to cancer or cancer treatments[31].

Recently, we observed that sixteen cancer patients with bone metastasis diagnosed by bone
scintigraphy showed no obviously increased TRACP 5b levels. Meanwhile, these patients
showed higher UA level than others. Here, we investigated the correlation between the concen-
trations of UA and TRACP 5b in a random sample of 77 high-UA patients and determined
whether TRACP 5b level was associated with UA in interference experiments.

Materials and Methods

Serum sampling
This study was approved by the Ethics Committee of the First Affiliated Hospital of Nanjing
Medical University. All samples were collected from August 2014 to June 2015. Patients with
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cancer, hepatitis, renal dysfunction and inflammatory disease were excluded from serum col-
lection. A total of 77 patients (Hyperuricemia), including 16 women and 61 men (median age,
36 yr; range, 17–66 yr) formed the study group. Additionally, 77 healthy subjects were sampled
as the control group, including 16 women and 61 men (median age, 43 yr; range, 22–66 yr).

Data collection
The alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood glucose (Glu),
blood urea nitrogen (BUN), creatinine (CREA) and uric acid (UA) quantitation were analyzed
using an Olympus AU5400 automatic chemical analyzer and commercial kits (Olympus, Jan-
pan) according to the instruction manual. White blood cells (WBC) and neutrophils (NEU) %
were counted by the Sysmex XE-2100 hematology analyzer (Sysmex, Kobe, Japan). The levels
of carcinoembryonic antigen (CEA) and alpha-fetoprotein (AFP) were measured by electro-
chemiluminescence immunoassay (ECLIA) on an Elecsys E-602 (Roche Diagnostics, Basel,
Switzerland). Serum tartrate-resistant acid (TRACP) 5b was detected by using bone TRAP1

Assay (IDS Ltd, Boldon, UK).

UA interference experiment and derivation of a UA correction equation
A known concentration of TRACP 5b standard sample was divided into 6 aliquots. Serial dilu-
tions of UA (250, 500, 1000, 2000, 4000μM) were prepared from UA standard subject. The 5
aliquots were then spiked at 3:2 with each UA solution. This generated 5 different test samples
with the same TRACP 5b level, whose final UA concentrations ranged from 100 to 1600 μM.
An aliquot containing DDW (double distilled water) instead of UA served as a blank. Serum
TRACP 5b assay was performed according to manufacturer’s protocol. The change in TRACP
5b level caused by UA spikes was measured and marked as a function of UA. A linear formula-
tion for the effect of UA-derived TRACP 5b was made based on the best least squares fit.

Performance evaluation of the correction equation
The concentrations of both TRACP 5b and UA were measured in serum sample of each donor.
Each high-UA individual's UA-corrected TRACP 5b concentration was calculated based on
the UA-TRACP 5b correction equation. Increasing UA concentration means difference value
between each high-UA individual's and mean value of healthy subjects’.

Statistical analysis
Results were presented as means and ranges. Statistical analysis was performed with SPSS 16.0.
Two-tailed t-tests were used for significance testing between groups of continuous data. Cor-
rected TRACP 5b concentration was calculated according to the formula: ΔTRACP 5b (U/L) =
-1.9751lgΔUA (μM) + 3.7365. For all statistical comparisons a p< 0.05 was considered statisti-
cally significant.

Ethical standards and patient consent
Ethical clearance for this study was obtained from the Ethics Committee at the First Affiliated
Hospital of Nanjing Medical University. Because all the samples used in this study were col-
lected from clinical residual specimen, written informed content from each patient was waived.

Results and Discussion
TRACP 5b is frequently used in clinical practice as a tool for cancer patients with bone metas-
tasis. However, recently, we observed that sixteen cancer patients bone metastasis diagnosed by
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bone scintigraphy showed no obviously increased TRACP 5b levels (TRACP 5b concentration:
3.99 ± 0.41 U/L). Meanwhile, these patients showed relatively higher serum UA concentrations
(UA concentration: 398.4 ± 40.4 IU/ml). So we inspected that high UA concentrations were
associated with decrease of TRACP 5b levels for cancer patients bone metastasis. To evaluate
whether there was a correlation between high concentrations of UA and decrease of TRACP 5b
levels, we randomly tested the TRACP 5b levels of 77 high-UA individuals (UA concentration:
463.5 ± 50.8 IU/ml) and 77 healthy subjects (UA concentration: 293.4 ± 56.9 IU/ml). The
results showed that the average TRACP 5b levels of the high-UA individuals (1.47± 0.62 U/L)
were significantly lower (t-test, p<0.0001) than that of the healthy subjects (2.62 ± 0.63 U/L)
(Table 1) (Fig 1A–1C)(S1 File). These data indicated that high concentrations of UA lead to

Table 1. Multiple parameters of serum samples and statistical analyses between groups.

Parameter Study group Control group P value

Number of patients (n) 77 77 /

Gender (male/female) 61/16 61/16 /

Age (years, mean ± SD) 40.58 ± 12.60 42.24 ± 11.47 0.883

WBC (*109/L, mean ± SD) 6.65 ± 1.20 6.62 ± 1.19 0.993

NEU % (mean ± SD) 57.41 ± 7.98 55.58 ± 9.29 0.895

ALT (U/L, mean ± SD) 26.81 ± 9.63 22.99 ± 7.17 0.637

AST (U/L, mean ± SD) 22.28 ± 4.99 21.37 ± 4.22 0.903

AFP (ng/mL, mean ± SD) 2.67 ±1.41 2.97±1.70 0.901

CEA (ng/mL, mean ± SD) 1.95±1.03 2.32±1.14 0.859

Glu (mmol/L, mean ± SD) 5.33 ± 0.39 5.19 ± 0.49 0.966

BUN (mmol/L, mean ± SD) 5.51 ± 0.99 5.31 ± 0.92 0.952

CREA (μmol/L, mean ± SD) 82.27 ± 14.44 70.68 ± 11.70 0.506

UA ((μmol /ml, mean ± SD) 463.50 ± 50.76 293.39 ± 56.89 0.009*

TRACP 5b (U/L, mean ± SD) 1.47 ± 0.62 2.62 ± 0.63 0.000*

WBC refers to white blood cells, NEU refers to neutrophils, ALT refers to alanine aminotransferase, AST refers to aspartate aminotransferase, AFP refers

to alpha-fetoprotein, CEA refers to carcinoembryonic antigen, Glu refers to blood glucose, BUN refers to blood urea nitrogen, CREA refers to creatinine,

UA refers to uric acid and TRACP 5b refers to tartrate-resistant acid. An independent sample t-test was employed (“*” indicates p<0.05).

doi:10.1371/journal.pone.0147554.t001

Fig 1. Negative correlation between the concentrations of UA and TRACP 5b. (A) The average TRACP 5b levels of the 77 high-UA individuals (1.47±
0.62 U/L) were significantly lower (t-test, p<0.0001) than that of the 77 healthy subjects (2.62 ± 0.63U/L). (B) The average TRACP 5b levels of the 16 female
high-UA individuals (1.51 ± 0.64 U/L) were significantly lower (t-test, p<0.0001) than that of the 16 female healthy subjects (2.73 ± 0.86 U/L). (C) The average
TRACP 5b levels of the 61 male high-UA individuals (1.46 ± 0.62 U/L) were significantly lower (t-test, p<0.0001) than that of the 61 male healthy subjects
(2.59 ± 0.56 U/L). Triple asterisk indicates p<0.0001.

doi:10.1371/journal.pone.0147554.g001
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decrease of TRACP 5b levels is not an individual case that occurred in few cancer patients
with bone metastasis but a universal phenomenon. We think there are at least two possible
reasons for this. The first possible reason is that high concentrations of UA directly down-
regulate expression of TRACP 5b at mRNA or protein level. The second possible reason is
that high concentrations of UA interfere with TRACP 5b tests. As we know, UA could lower
the value for glucose as determined by “GOD-Perid”method[32]. Here, we firstly checked if
high concentrations of UA interfered with TRACP 5b tests. We conducted an interference
experiment. As mentioned in the “Materials and Methods”, serial dilutions of UA were
spiked into TRACP 5b standard samples. As a result, we observed dose-dependent decrease
in TRACP 5b concentrations (Fig 2). After normalizing the measured TRACP 5b in each
sample by dislodging the TRACP 5b level of the aliquot containing DDW instead of UA,
then marking the change as a function of increment of UA, the least squares linear fit was set
for ΔTRACP 5b (U/L) and marked as a function of UA (μM): ΔTRACP 5b (U/L) =
-1.9751lgΔUA (μM) + 3.7365 with an R2 = 0.98899 (Fig 3). This implied 0.21 U/L false-
decrease in TRACP 5b for each 100μM increase of UA concentration. Application of the UA
correction resulted in a statistically non-significant difference in TRACP 5b values between
the healthy subjects and high-UA individuals (p = 0.24)(Fig 4), which suggested that concen-
trations of UA were the key cause of differences in TRACP 5b level between the high-UA
individuals and the healthy subjects. Therefore, we believed that the differences of TRACP 5b
levels were mainly caused by a method-related systematic error. In addition, it was recently
reported that higher UA level suppressed osteoclastogenesis, indicating that UA might lower
TRACP 5b level [33]. We will further elucidate whether UA has direct effects in expression of
TRACP 5b in our future work.

Fig 2. High concentrations of UA lead to decrease of TRACP 5b levels. A TRACP 5b standard sample
was divided into 6 aliquots. Serial dilutions of UA (250, 500, 1000, 2000, 4000μM) were prepared from UA
standard subject. The 5 aliquots were then spiked at 3:2 with each UA solution. This generated 5 different test
samples with the same TRACP 5b level, whose final UA concentrations ranged from 100 to 1600 μM. An
aliquot containing DDW instead of UA served as a blank. The average TRACP 5b concentration is marked
with error bars representing standard deviations of three independent experiments.

doi:10.1371/journal.pone.0147554.g002
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Conclusion
In this study, by analyzing the collected data and the result of an interference experiment in
vitro, we illustrated that the patients with high concentrations of UA presented a false-negative
decrease in TRACP 5b. Our results reminded physicians should fully consider interference of
hyperuricemia, especially when TRACP 5b was used for early diagnosis of cancer patients with

Fig 3. Derivation of a UA correction equation. The TRACP 5b concentrations of the six distinct test
samples with the same TRACP 5b standard sample and final UA concentrations ranging from 0 to 1600 μM
were measured. ΔTRACP 5b means difference of TRACP 5b concentrations measured between the samples
of final UA concentrations ranging from 100 to 1600 μM and that of no UA. The average ΔTRACP 5b
concentration is marked in figure with error bars representing standard deviations.

doi:10.1371/journal.pone.0147554.g003

Fig 4. Correction of decreased TRACP 5b concentrations resulting from high-UA individuals
compared to healthy subjects. Each high-UA individual's UA-corrected TRACP 5b concentration was
calculated based on the UA-TRACP 5b correction equation. Increasing UA concentration means difference
value between each high-UA individual's and mean value of healthy subjects’. Triple asterisk indicates
p<0.0001. “N.S” indicates no significant difference.

doi:10.1371/journal.pone.0147554.g004
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bone metastasis, evaluation of the aggressiveness of osteosarcoma or prediction of survival in
prostate cancer and breast cancer with bone metastases.

Supporting Information
S1 File. The data used to make comparisons between 77 high UA and 77 healthy subjects.
(PDF)
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