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Changes in plasma lipid composition upon glucocorticoid
treatment in patients with primary immune

thrombocytopenia

Dear Editor,

Approximately one-third of patients with primary
immune thrombocytopenia (ITP) failed to glucocorticoid
treatment and currently no biomarker can predict the
response."? Lipidomics, a branch of metabolomics, offers
a powerful approach to elucidate disease mechanisms and
to discover disease-specific biomarkers for diagnosis or
therapy.>* Here, we investigate the lipid portraits of ITP,
in particular, illustrate the lipid metabolic characteristics
and analyse the changes of lipids in ITP patients before and
after glucocorticoid treatment. The study also sought to
determine specific lipid species that could allow response
prediction to glucocorticoid treatment.

The study was approved (approval no. B2020-279R)
by the Ethics Committee of Zhongshan Hospital, Fudan
University. First, to investigate the lipid portraits of ITP,
we used an internal standards kit containing nine-lipid
subclass (5040156, SCIEX) and the AB SCIEX QTRAP
5500 system to measure plasma lipids of 53 patients
with ITP (newly diagnosed without treatment) and 20
healthy controls (HCs) matched by gender and age. Char-
acteristics and clinical data of the patients and HC are
included in Table S1. Recent studies have revealed the
association of low high-density lipoprotein cholesterol
(HDL-C) with high risk of autoimmune diseases, including
ITP.> The level of HDL-C in the study showed signifi-
cantly decreased in ITP (p = .001), similar to previous
studies.®

Signalling lipids control multiple important cellular
processes through signal transduction. Abnormality of
lipid metabolism is considered a risk factor in many dis-
eases. In our study, a total of 783 lipids was detected in
plasma samples and 570 lipids were observed in qual-
ity control samples with relative standard deviation less
than 30%. Partial least squares discrimination analysis
model showed no very clear separation between ITP and

HC (Figure 1A,B), indicating that ITP does not globally
alter lipid composition. Analysis of the nine lipid sub-
classes, we found that cholesteryl ester, triacylglycerol
(TAG), sphingomyelin (SM), phosphatidylcholine (PC),
diacylglycerol (DAG), lysophosphatidylcholine (LPC) and
phosphatidylethanolamine (PE) have no significant dif-
ferences (Figure 1C). However, ITP patients showed an
increase in ceramide (CER, p = .033) and lysophos-
phatidylethanolamine (LPE, p = .026). CER is an impor-
tant bioactive lipid and involved in a variety of important
cellular processes.” The increased CER in ITP patients
indicated that activation of inflammatory signalling could
increase ITP CER biosynthesis, consistent with previously
report. The increased CER could further affect cells apop-
tosis, autophagy and proliferation, leading to immune
disorders in ITP patients. Several studies demonstrated
that LPE are involved in the cell signalling process, acts as
an activator of neurotrophic, increases the level of intra-
cellular calcium and stimulates chemotactic migration.®
Dysregulation of lipid signalling may contribute to inflam-
mation and inappropriate leukocyte activation in autoim-
mune disorders. Interestingly, the absolute neutrophil
count showed a significant increase in ITP patients in cur-
rent study. The difference of lipid distribution in the group
of ITP patients and HC is shown in Figure 1D. The distribu-
tions of carbon and bond for TAG, CER and LPE in groups
are shown in Figure 1E,F.

We then assessed the changes of lipids in patients with
ITP before and after treatment. Post-treatment peripheral
blood was obtained from patient 2 weeks after treatment.
All of the enrolled patients received glucocorticoid treat-
ment for extremely low platelet count and/or clinically
significant bleeding, among which eight patients received
high-dose dexamethasone and 45 patients received pred-
nisone or prednisolone. After the treatment, 28 were
complete response (CR) and 25 were no response (NR) (the
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FIGURE 1

Lipid profile in patients with newly diagnosed primary immune thrombocytopenia (ITP). (A) Partial least squares
discrimination analysis (PLS-DA) score plot of ITP and healthy controls (HCs). (B) Validation plot of the PLS-DA model. (C) Lipid subclasses
from comparing ITP and HC. (D) Volcano plot showed the differential lipids between ITP and HC. Left pink indicated upregulated lipid
species. Right pink indicated down-regulated lipid species. Number of carbon (E) and bond (F) for triacylglycerol (TAG), ceramide (CER) and
lysophosphatidylethanolamine (LPE). Each bar graph represents mean + SEM. p-Values less than.05 were labelled in the figure or indicated
by asterisk *’. CE, cholesteryl ester; DAG, diacylglycerol; LPC, lysophosphatidylcholine; PC, phosphatidylcholine; PE,
phosphatidylethanolamine; SM, sphingomyelin.



LETTER TO THE JOURNAL

CLINICAL AND TRANSLATIONAL MEDICINE

(A)

C

CE CER DAG
p=0.01 p=0.023
I i I 1 B TP
. =0.04
40004 p=0049 08y FE20T, b=0014 GE 0=0.036 Bl CR-before
? s | ? —_E~ — = ITP-CR
&= £ £ 2.0
° ° ° Il NR-before
£ £ £
£ £ £ 1.5 B ITPNR
s I s
P K] 2 1.0-
@ & @
5 8 < 0.5+
o o o
0.0-
(@ F
¢ & K
& &
(D) LPC (E) LPE (F) PC
) p=0.004 )
. © p<0.001 ) =0.037
p=0.01 P20t . p ,
4004 H——— 150+ p<0.001 ,ﬁ?a 30004 !
= p=0.01 = =
E 305 £ £
g 2 100 2 2000}
£ = £
K] 200+ = =
] k-] g
b 50+ F 1000
@ 100~ @ ?
8 Kt 5
o o (&
0- 0- 0-
N & & & & N & & o & N & F & &
& KL & K & KL Q @ e KL
& L &L L NP N
& & & & & &
(G) PE (H) SM (1) TAG
=0.01 =0.002 =0.
FE22 4 p-0.035 Nl s
200 | 500~ p=0.002 8000 p=0.05
= p=0.02 = — =
£ — £ 4004 £
TE) 150+ E -g 6000
£ £ 300 £
w 100 = = 4000
£ £ ]
° 2 200 2
) " ')
g 50 & 100+ & 2000+
o o (&)
0- o- 0-
§8 \0& .(’Q. K°@ ,\\Q. éq \0& .oq. \0& S\Q. Q\Q go& S’Q. go& X\Q.
& K & K & L & K & L & K
NP U LS PN AN
& & & & I &
FIGURE 2 Glucocorticoids change the lipid profile in patients with primary immune thrombocytopenia (ITP). (A-I) Lipid subclasses

among ITP groups. Each bar graph represents mean + SEM. p-Values less than.05 were labelled in the figure. CE, cholesteryl ester; CER,
ceramide; CR, complete response; DAG, diacylglycerol; LPC, lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; NR, no response;
PC, phosphatidylcholine; PE, phosphatidylethanolamine; SM, sphingomyelin; TAG, triacylglycerol.

clinical characteristics of each patient are shown in Table
S2).° CER, LPC, LPE, PE, SM and TAG (Figure 2) were
increased significantly in CR group than patients before
treatment (p < .05). CER and LPE were also increased sig-
nificantly in NR, compared to patients before treatment
(p = .032 and.008, respectively). Intriguingly, however,
as compared to patients before treatment, DAG was sig-

nificantly decreased in NR (Figure 2C). Compared with
CR, CER and PE were significantly decreased in NR
(p < .05). Differences in the lipid profiles among differ-
ent ITP states contribute to a better understanding of ITP
lipid metabolism. The distributions of carbon and bond of
lipids among ITP groups are shown in Figure S1. These
results highlighted the complexity of lipidomics for ITP,
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FIGURE 3 Changes of lipid species in primary immune thrombocytopenia (ITP) patients. Heatmap for individual lipids (VIP > 1 and
D < .05) between groups for ITP and healthy controls (A), complete response (CR) and ITP (B), and no response (NR) and ITP (C). CE,
cholesteryl ester; LPE, lysophosphatidylethanolamine; PC, phosphatidylcholine; TAG, triacylglycerol.
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FIGURE 4 Change of phosphatidylcholine (PC) (18:1/18:2) in patients with primary immune thrombocytopenia (ITP). (A) Plasma level

of PC (18:1/18:2) between complete response (CR)-before and no response (NR)-before. VIP and p-values were labelled in the figure. (B)
Percentage of PC (18:1/18:2) in total PC in healthy controls, CR-before, and NR-before. (C) Receiver operating characteristics (ROC) curves for
PC (18:1/18:2) in distinguishing NR-before from CR-before. Area under the ROC curve (AUC) for determining NR to glucocorticoid treatment
was.669 (p = .036, 95% confidence interval [CI]:.522-.815). p-Values less than.05 were labelled in the figure.

and revealed potential associations between the altered
lipid metabolism and ITP states.

Next, we explored the changes in lipid molecules that
could impact disease without making the entire lipid class
change. A total of 15 lipid species had significant dif-
ferent variable importance in projection (VIP > 1 and
p < .05) in plasma levels between ITP patients and HC
(Figure 3A). Thirty-four lipid species had significant dif-
ferent between CR and ITP patients (Figure 3B), and 16
lipid species had significant different between NR and
ITP patients (Figure 3C). These results suggested that the
vast majorities of lipid composition have not changed in
ITP, although significant alterations were observed in a
number of lipid species. Lipid metabolomic studies have
been diverse, some focused on different lipid classes, some
used different detection methods or enrolled different
patient groups. Of particular interest is the finding that PC
(18:1/18:2) was significantly different between NR-before
and CR-before group, indicating that PC (18:1/18:2) could
be a potential biomarker to predict the response to glu-
cocorticoid treatment (p = .019, VIP = 3.01) (Figure 4A).
In addition, the percentage of PC (18:1/18:2) in total PC
was increased significantly in NR-before than CR-before
and HC (p = .002 and.046, respectively) (Figure 4B).
The receiver operating characteristics (ROC) curve for
PC (18:1/18:2) to discriminate glucocorticoid treatment
response showed the area under the ROC curve (AUC)
was.669 (95% confidence interval:.522-.815, p = .036)
(Figure 4C). However, the finding of the present study
has limitations, small size of samples, in particular, the
PC (18:1/18:2)'s AUC value of.669 to discriminate glu-

cocorticoid treatment response require more samples to
confirm its prediction power, and the direct relationship
of lipid metabolism to immune function of ITP. As such,
further large scale and further mechanism research are
warranted.

Lipidomics creates a powerful way to study lipid-
associated mechanisms in ITP and develops a new cat-
egory of disease-specific biomarkers and therapeutic tar-
gets. The study revealed that lipid metabolism plays a
crucial role in ITP. PC (18:1/18:2) could be a poten-
tial biomarker to predict the efficacy of glucocorticoid
treatment.
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