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Background: We aimed to evaluate the influence of white blood cell (WBC) and platelet (PLT) counts on
dried blood spot (DBS)-determined lysosomal acid lipase (LAL) activity in a large group of healthy subjects.

Methods: One-hundred-and-seventy-two healthy subjects aged ≥18 were enrolled. Complete clinical bio-
chemistry and LAL activity inDBSwere determined. In 35 subjects,WBCs and PLTswere isolated, and LAL activity
wasmeasured in both blood cell populations. Univariate andmultivariate analyses to DBS-LAL activity were per-
formed.

Results:Mean age of subjects was 44.8± 17.2 years, 43.6%weremales, andmean DBS-LAL activity was nor-
mal (1.0 ± 0.3 nmol/spot/h). LAL activity in WBCs was significantly higher than in PLTs (458.9 ± 133.6 vs
235.0 ± 88.3 nmol/mg/h, p b 0.001). However, LAL activity in DBS correlated more strongly with that in PLTs
(r = 0.65, p b 0.001) than with that in WBCs (r = 0.49, p b 0.01). Consistently, in the multivariate model,
DBS-LAL activity was independently associated only with PLT count (β = 0.39, p b 0.001).

Conclusions: PLT number may impact on the result of the DBS-LAL test, and a consideration of PLT count is
recommended before interpreting LAL activity in DBS.

© 2017 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Lysosomal acid lipase deficiency (LAL-d) is an autosomal recessive
disease characterized by a complete or almost complete absence of
LAL activity, which produces two well-defined lysosomal storage disor-
ders, i.e. Wolman disease (WD) and cholesterol ester storage disease
(CESD) [1]. The strong hepatic phenotype of LAL-d, essentially
consisting of massive microvesicular steatosis evolving to cirrhosis
and liver failure, has recently opened lines of investigation aimed to ver-
ify if LAL activity is impaired also in the contest of non-alcoholic fatty
liver disease (NAFLD). Indeed, thanks to the availability of a new test
on dried blood spot (DBS) [2], which has significantly simplified the de-
termination of LAL activity, LAL function has been investigated in co-
horts of patients with chronic liver disease [3–5]. LAL activity was
found to be reduced in adult patients with NAFLD [3], and inversely
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associated with hepatic fibrosis in paediatric NAFLD [4]. Lastly, we
found LAL function to be significantly reduced in patients with liver cir-
rhosis of different etiology [5].

At the same time that this evidence points to the possible contribu-
tion of impaired LAL function to the pathophysiology of liver damage,
some considerations concerning the LAL test performed in DBS should
be raised. Indeed, in comparison to classical assays in white blood cells
(WBCs) or fibroblasts [6], in which lysosomal enzyme activity is nor-
malized for total protein concentration, in the DBS test the enzyme ac-
tivity is not normalized for proteins, and it is expressed as nmol/
punch/h [2]. Since most of lysosomal activities tested in DBS are of leu-
kocyte origin, and the number of WBCs in a blood spot depends on the
WBC count/mm3, conditions characterized by leukopenia, such as ad-
vanced liver disease, can be expected to affect DBS-determined lyso-
somal enzyme activity. Indeed, in patients with liver cirrhosis, we
observed that DBS-determined LAL activitywas independently associat-
ed with WBC count [5]. Interestingly, in this same study, we found that
LAL activity was even more strongly associated with platelet (PLT)
count, both in cirrhotic patients and in healthy controls, thus suggesting
that thrombocytopenia should be considered as another possible
hts reserved.
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confounder of LAL activity determination in DBS. PLTs are known to
contain lysosomes [7], however the contribution of PLTs to DBS-deter-
mined lysosomal enzyme activities has never been reported.

Based on this background, we aimed to evaluate the influence of
WBC and PLT counts on DBS-determined LAL activity in a large group
of healthy subjects. Moreover, to go deeper on this issue, we also isolat-
edWBCs and PLTs of a subgroup of these subjects, and analyzed the cor-
relation between LAL activity in DBS and that measured inWBCs and in
PLTs.
2. Patients and methods

Healthy subjects aged ≥18 undergoing general medical assessments
or preoperative evaluation for orthopedic surgery at theUniversity Hos-
pital Campus Bio-Medico of Rome between January 2015 andDecember
2015were enrolled. Subjects with knownmedical history or blood tests
suggestive of dyslipidemia, diabetes mellitus, liver, and heart or kidney
disease, were excluded. Epidemiological, anthropometric, clinical and
biochemical data were recorded. All subjects agreed to participate to
the study signing an informed consent and the protocol was approved
by the Ethics Committee of the University Campus Bio-Medico of Rome.

All subjects underwent blood drawing after a 12-hour fast and blood
was spotted onto Whatman paper #903 (within 13 mm diameter cir-
cles) on the day of venipuncture and allowed to dry overnight at room
temperature. Samples were stored double-bagged with desiccant at
−20 °C and analyzed within 1 week of collection. In a subgroup of 35
subjects, fraction-specific LAL activity was determined in WBCs and
PLTs. WBCs and PLTs were isolated from 10 ml of blood collected into
Vacutainer EDTA and into Vacutainer Sodium Citrate, respectively. PLT
separationwas carried out by centrifugation at 200 ×g at room temper-
ature for 15 min and the PLT-rich plasma (PRP) was centrifuged again
for 10 min. After, Anticoagulant Citrate Dextrose Solution (ACD-A)
(39 mM citric acid, 75 mM sodium citrate, 135 mM dextrose pH 7.4)
was added to supernatant in a ratio 1:10. PLTs were pelleted by centri-
fugation at 1600 ×g for 3min, and stored at−20 °C until processed. For
the isolation of WBCs, 10% dextran was added. Erythrocytes were
allowed to sediment at room temperature for 45 min and the upper
phase centrifuged at 1125 ×g for 10 min. The pellet was washed with
0.9% NaCl and stored at −20 °C until the analysis. Protein content was
determined by the BCA protein assay (Pierce).

LAL activity was determined after eluting a 3.2 mm circular punch
from the DBS using the inhibitor Lalistat-2, as previously described [5].
In WBCs and PLTs, LAL activity was measured based on the method of
Civallero et al., with some modifications [8]. Reactions were performed
in duplicate.
Table 1
Univariate and multivariate linear regression analysis for LAL activity in DBS (10−2 nmol/spot/

Variables

Univariate

Estimate β 95%CI

Age (years) −0.30 −0.14 −0.62 0.03
Sex (male) −9.90 −0.13 −21.12 1.32
BMI (kg/m2) −0.37 −0.05 −1.53 0.79
Hypertension −0.88 −0.01 −16.55 14.80
Glycaemia (mg/dL) 0.09 0.02 −0.51 0.70
Total cholesterol (mg/dL) −0.09 −0.08 −0.27 0.10
HDL cholesterol (mg/dL) 0.09 0.04 −0.30 0.49
LDL cholesterol (mg/dl) −0.06 −0.05 −0.27 0.14
Triglycerides (mg/dL) −0.05 −0.07 −0.18 0.07
AST (U/L) −0.21 −0.06 −0.82 0.41
ALT (U/L) −0.38 −0.12 −0.90 0.14
GGT (U/L) −0.39 −0.13 −0.92 0.15
LKCs (103/mm3) 2.79 0.13 −0.43 6.01
Platelets (103/mm3) 0.24 0.39 0.15 0.32

BMI, Body Mass Index; LKC, leukocyte; AST, Aspartate Transaminase; ALT, Alanine Transamina
lipoproteins.
Data are expressed as mean (standard deviation) or number and
percentage, as appropriate. Comparisons between groups were per-
formed by the χ2 or Fisher-exact test for categorical variables and by
theMann-Whitney test for continuous numeric variables. Linear regres-
sion analysis was carried out to evaluate the association of different var-
iables with DBS-determined LAL activity. Variables whose association
with LAL activity at the univariate analysis showed a p b 0.10 entered
the multivariate model. A p b 0.05 was considered statistically signifi-
cant. R 3.2.3 software for Mac (R Foundation) was used for statistical
analyses.

3. Results and discussion

One-hundred-and-seventy-two healthy subjects were recruited.
Mean age was 44.8 ± 17.2 years and 43.6% of them were male. Mean
LAL activity was in the normal range (1.1 ± 0.4 nmol/spot/h), and, al-
though it was mildly reduced (b0.8 nmol/spot/h) in 41 subjects
(23.8%), no cases in the range of heterozygous (b0.4 nmol/spot/h) or
homozygous (b0.15 nmol/spot/h) carriers of LIPA gene mutations
were found [2]. Also mean WBC and PLT counts were in the normal
range (6.100 ± 1.700 and 241.000 ± 60.200 cells/mm3, respectively).

Univariate analyses to DBS-determined LAL activity disclosed signif-
icant and near-significant direct associations with PLT andWBC counts,
respectively, and near-significant inverse associations with age and
male sex (Table 1). In the multivariate model, DBS-determined LAL ac-
tivity was independently associated only with PLT count (β = 0.39,
p b 0.001).

When LAL activity was measured in isolated fractions of WBCs and
PLTs obtained from a fixed aliquot (10ml) of whole blood of the 35 sub-
jects, it was significantly higher in the WBC- than in the PLT-fraction
(458.9 ± 133.6 vs 235.0 ± 88.3 nmol/mg/h, p b 0.001), thus suggesting
that in a blood drop themain contribution for the LAL enzymatic activity
originate from WBCs rather than from PLTs. Conversely, LAL activity in
DBS correlated with that determined in PLTs (r = 0.65, p b 0.001)
more strongly than with that determined in WBCs (r = 0.49, p b 0.01)
(Fig. 1). Altogether, these results are the first to demonstrate that PLTs
significantly contribute to LAL activity assayed in DBS, and that PLT
count is strongly and independently associated with DBS-determined
LAL function.

Differently from determination in WBCs or fibroblasts, where LAL
activity is normalized for the protein content, the number of cells con-
taining lysosomes in the blood spot, i.e., WBCs and PLTs, could impact
on the result of the DBS test. Actually, the problem of a reduced WBC
count has been already faced when determining in DBS the activity of
other lysosomal enzymes [9,10]. Recently, we reported that DBS-deter-
mined LAL activity was independently associated with WBC count in
h) in the total population.

Multivariate

p Estimate β 95%CI p

0.07 −0.36 −0.17 −0.67 −0.06 0.02
0.08 −4.67 −0.06 −15.21 5.87 0.38
0.53 – – – – –
0.91 – – – – –
0.76 – – – – –
0.37 – – – – –
0.64 – – – – –
0.54 – – – – –
0.41 – – – – –
0.51 – – – – –
0.15 – – – – –
0.15 – – – – –
0.09 −0.23 −0.01 −3.44 2.97 0.88
b0.001 0.24 0.39 0.15 0.34 b0.001

se; GGT, Gamma-Glutamyl Transferase; HDL, High-density lipoproteins; LDL, Low-density



Fig. 1.Correlations betweenDBS-determined LAL activity and that obtained inWBCs and in PLTs. The correlation ofDBS-determined LAL activity is strongerwith LAL activity determined in
isolated PLTs than with that determined in isolated WBCs.
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cirrhotic patients but not in healthy controls, and, more interestingly,
that the association with PLT count was even stronger and observed
also in the control population [5]. The latter findings are robustly con-
firmed in the present study.

Here we decided to go further in our analysis and to evaluate LAL ac-
tivity inWBCs and in PLTs. As expected, LAL function in the isolated frac-
tion ofWBCswas significantly higher than that in the PLT fraction. Based
on these findings, one should expect the strongest association of LAL ac-
tivity in DBS to bewith the activitymeasured inWBCs; conversely, here
we found that LAL activity measured in the PLT fraction correlated with
LAL function in DBS more strongly than that determined in WBCs. Al-
though unexpected, this result is consistent with the strong and inde-
pendent association between PLT count and LAL activity in DBS, and
suggests that oscillations of PLT count may impact on the result of the
LAL test in DBS more than those of WBC count. More difficult is trying
to understand the possible causes subtending this finding, and further
investigation is certainly needed in order to clarify this point.

In conclusion, the present is the first study to demonstrate that LAL
activity in DBS is strongly associated with that obtained in the PLT frac-
tion of the blood, and that PLT number can impact on the result of the
LAL DBS test. While further studies are awaited to evaluate precisely
the biological determinants of these findings and, mainly, to verify if
PLT count can impact on/affect other enzymatic activities determined
in DBS, the present results strongly suggest consideration of PLT count
when screening for LAL activity in DBS.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.
Acknowledgements

None.

References

[1] Ž. Reiner, O. Guardamagna, D. Nair, et al., Lysosomal acid lipase deficiency—an
under-recognized cause of dyslipidaemia and liver dysfunction, Atherosclerosis
235 (2014) 21–30.

[2] J. Hamilton, I. Jones, R. Srivastava, P. Galloway, A new method for the measurement
of lysosomal acid lipase in dried blood spots using the inhibitor Lalistat 2, Clin. Chim.
Acta 413 (2012) 1207–1210.

[3] F. Baratta, D. Pastori, M. Del Ben, L. Polimeni, G. Labbadia, S. Di Santo, F. Piemonte, G.
Tozzi, F. Violi, F. Angelico, Reduced lysosomal acid lipase activity in adult patients
with non-alcoholic fatty liver disease, EBioMedicine 2 (2015) 750–754.

[4] P.K.C. Selvakumar, M.N. Kabbany, R. Lopez, G. Tozzi, A. Alisi, N. Alkhouri, V. Nobili,
Reduced lysosomal acid lipase activity - a potential role in the pathogenesis of
non-alcoholic fatty liver disease in pediatric patients, Dig. Liver Dis. 48 (2016)
909–913.

[5] U. Vespasiani-Gentilucci, P. Gallo, F. Piemonte, et al., Lysosomal acid lipase activity is
reduced both in cryptogenic cirrhosis and in cirrhosis of known etiology, PLoS One
11 (2016), e0156113.

[6] G.J. Guy, J. Butterworth, Acid esterase activity in cultured skin fibroblasts and amni-
otic fluid cells using 4-methylumbelliferyl palmitate, Clin. Chim. Acta 84 (1978)
361–371.

[7] M.E. Bentfeld-Barker, D.F. Bainton, Identification of primary lysosomes in human
megakaryocytes and platelets, Blood 59 (1982) 472–481.

[8] G. Civallero, J. De Mari, C. Bittar, M. Burin, R. Giugliani, Extended use of a selective
inhibitor of acid lipase for the diagnosis of Wolman disease and cholesteryl ester
storage disease, Gene 539 (2014) 154–156.

[9] A. Uribe, R. Giugliani, Selective screening for lysosomal storage diseases with dried
blood spots collected on filter paper in 4700 high-risk Colombian subjects, JIMD
Rep. 11 (2013) 107–116.

[10] L.M. Jiménez Jiménez, J. Bobillo Lobato, A. Caro Pérez, P. Durán Parejo, La actividad
ß-galactosidasa como índice de control de calidad de la muestra de sangre seca
recogida sobre papel, Rev. Lab. Clín. 4 (2011) 153–157.

http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0005
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0005
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0005
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0010
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0010
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0010
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0015
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0015
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0015
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0020
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0020
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0020
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0020
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0025
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0025
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0025
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0030
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0030
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0030
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0035
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0035
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0040
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0040
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0040
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0045
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0045
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0045
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0050
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0050
http://refhub.elsevier.com/S0009-9120(16)30694-4/rf0050

	Platelet count may impact on lysosomal acid lipase activity determination in dried blood spot
	1. Introduction
	2. Patients and methods
	3. Results and discussion
	Funding
	Acknowledgements
	References


