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Lipoprotein lipase (LPL) has emerged as a distinct prognostic marker for chronic lymphocytic leukemia
(CLL), a heterogeneous disease with a similar heterogeneity in life expectancy. While many prior studies
have focused on tumor expression of LPL mRNA, LPL surface protein expression has been less robustly
studied as a prognostic marker. A novel antibody developed at Geisel School of Medicine at Dartmouth has
been previously utilized in immunohistochemistry assays of breast and prostate cancer. With this study we
aimed to use this antibody as a flow cytometry marker of surface LPL expression correlated with overall
survival and time to first treatment. Of the 19 patients studied, our data show that LPL surface protein
expression as measured by flow cytometry trended toward a protective effect on overall survival and overall

© 2023 Caleb J. Yelton. Hosting by Science Repository.

Introduction

Cancer cells have long been known to take advantage of lipid
metabolism, with increased uptake, storage, and production of fatty acids
being linked to both disease progression and carcinogenesis [1, 2].
Rapidly growing cancer cells are often competing with both the
surrounding cells in the tumor microenvironment and stromal cells for
oxygen and nutrients, which tends to favour upregulation of lipid
metabolism and synthesis pathways [3]. A robust understanding of these
metabolic pathways and the knowledge of their upregulation in cancer
cells specifically has led to multiple potential therapeutic targets
currently under investigation [4]. One of the most well-studied
molecular targets in this pathway is fatty acid synthase (FASN), a
primary enzyme used by cancer cells in de novo fatty acid synthesis that
is associated with an often more aggressive, lipogenic phenotype [5-6].
In addition to lipogenesis, some malignant cells utilize lipolysis through
abundant surface expression of lipoprotein lipase (LPL) [7]. While
targeting these pathways have shown varying degrees of success,
cancers are so variable in metabolism, growth, behaviour, and

vulnerability to therapy that further studies of these agents and their
effects on the pathways are warranted [8].

However, an underappreciated aspect of this metabolism lies in
utilization to prognosticate disease course. Measuring these products and
by-products of lipid metabolism under oxidative stress as a window into
prognosis has been utilized in a variety of solid malignancies including
colorectal cancer, ovarian cancer, breast cancer, and liver cancer, to
name a few [8-11]. While less utilized, lipid metabolism and markers of
oxidative stress have also been used to prognosticate hematologic
malignancies, namely acute myeloid leukemia and chronic lymphocytic
leukemia (CLL) [12-13].

CLL is a mature B-cell hematologic malignancy whose hallmark is a
progressive accumulation of monoclonal B lymphocytes. While often
heterogeneous in nature, this disease is able to be subdivided into 3
immunohistochemical types via flow cytometry: Those that express B-
cell associated antigens (CD19, CD20, CD23, usually low CD20), those
that express CD5 (classically expressed in T-cells but can also be
expressed in subsets of mature B-cells), and those that express overall
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low levels of surface membrane immunoglobulin [14]. Overall, those
malignancies expressing B-cell antigens are by far the most prevalent.

CLL clinical staging systems largely determine overall prognosis, with
two historically prevalent systems still in use: the Rai system (which
focuses on lymphocytosis with higher stages associated with
involvement of lymph nodes, liver/spleen, and then finally with
accompanying pancytopenia) and the Binet system (which focuses on 5
potential sites of involvement, where higher stages are associated with
increased sites of involvement) [15, 16]. While B-cell CLL is typically
an indolent disease affecting the elderly, many early stage cases of CLL
often progress quickly and require alternative prognostic factors outside
of the traditional staging systems to determine overall prognosis.
Lymphocyte doubling time is one such marker and is determined
through observation of the length of time in which the absolute
lymphocyte count doubles, where a shorter doubling time marks a more
aggressive disease and a longer doubling time a more indolent course
[17].

CLL therapeutics have progressed where the prognosis for each stage
(regardless of classification system) has improved with the advent of
new therapeutic regimens and now includes molecular markers rather
than just gross organ involvement [18]. One such internationally
recognized modern staging system is the CLL international prognostic
index (CLL-IPI) developed through a meta-analysis of 13 randomized
controlled trials which combined genetic, biochemical, and clinical
parameters into a prognostic model with four distinct prognostic
subgroups divided by risk and significantly different overall survival at
5 years. These prognostic factors included T53 status (no abnormalities
vs 17p deletion or T53 mutation or both), immunoglobulin heavy chain
gene (IGHV) mutational status (mutated vs unmutated), serum [2-
microglobulin concentration (<3-5 mg/L vs >3-5 mg/L), clinical stage
(Binet A or Rai 0 vs Binet B-C or Rai I-IV), and age (<65 years vs >65
years) [19].

Flow cytometry markers can also portend a poor prognosis, specifically
with markers that are strongly associated with an unmutated IGHV (a
poor prognostic marker) such as CD38 and ZAP70 [20-21]. Favourable
prognostic indicators are just the opposite however, with a more indolent
disease course associated with lack of CD38, lack of ZAP70, and a
mutated IGHV among other protective abnormalities such as the absence
of p53 mutations, a CD4/CD8 ratio >1, a lack of 17p or 19p deletions,
and the occurrence of a 13q14 deletion [22]. Other flow cytometry
markers indicating poor outcomes are CD54, CD44, CD52, CD69,
CD25, CD95, CD39, CD11c, and CD36 while CD150 predicts a more
favourable course [23].

Lipoprotein lipase (LPL), a key extracellular enzyme in lipid metabolism
often found in muscle or adipose tissue, is emerging as a distinct
prognostic maker for chronic lymphocytic CLL [24, 25]. LPL utilizes
Apoliprotein C-1l (ApoC-Il) as a cofactor for uptake of circulating
chylomicrons for conversion to free fatty acids and is anchored to the
capillary endothelium by glycosylphosphatidylinositol HDL-binding
protein 1 (GPIHBP1), an association that is notably unable to occur in
the presence of heparin [26]. While most studies have focused on the
levels of LPL mRNA expression, LPL surface protein expression levels
have not yet shown a strong correlation with prognosis.
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A novel antibody developed at the Geisel School of Medicine at
Dartmouth has been developed and previously utilized in
immunohistochemistry assays of breast and prostate cancer [27]. We
aimed to use this antibody as a flow cytometry marker of LPL expression
in CLL, and correlate with overall survival and time to first treatment.
CD36, another important protein in the lipoprotein pathway was also
measured, along with CD38 and ZAP70 which are well established
biomarkers known to portend poorer prognosis in CLL.

Methods

Kuemmerle et al. fully details the initial development of the novel
antibody as follows: mice were immunized with a peptide (Sigma)
representing human LPL residues 21-36 coupled to keyhole limpet
haemocyanin [27]. After fusion of splenocytes to mouse multiple
myeloma cells, media from candidate clones were screened for reactivity
to bacterially expressed LPL in an enzyme linked immunosorbant assay.
Positive clones were further screened by western blot of skeletal muscle
from transgenic mice expressing a human muscle-specific LPL
transgene (MCK-LPL, kindly supplied by Ira Goldberg, Columbia
School of Medicine, New York, NY) and against human breast milk.
Mouse tissues were homogenized in RIPA buffer containing 10 pg/ml
PMSF. Samples were centrifuged at 10,000 x g for 10 min x 2. Protein
content was determined using the BCA assay (Pierce). Samples were
boiled in 2X sample buffer and fractionated through 15% acrylamide.
Following transfer to PVDF membranes (Immobilon-FL, Millipore),
blocking was with SuperBlock (Pierce). Incubation with 1:200 dilution
of the primary antibody in TBS-Tween was overnight at 4° C, followed
by 2 TBS washes. Recombinant protein A/G conjugated with
horseradish peroxidase (Pierce) was applied for detection at 1:5000 in
TBSTween for 1 hour at RT. After four TBS washes, membranes were
developed with NBTBCIP (Pierce).

For this study, after obtaining informed consent a single peripheral blood
sample was collected from patients with CLL in an EDTA vacutainer.
PBMC were isolated using Histopaque 1078 gradient centrifugation and
cells cryopreserved. Ten color flow cytometry was performed using to
following antibodies: CD23 FITC (BioLegend), ZAP-70 PE
(BioLegend), CD38 PE-CF594 (BD), CD5 PerCP-Cy5.5 (BioLegend),
FASN PE-Cy7 (BioSS), LPL AF647 (lab-conjugated with Lightning
Link (Innova Biosciences)), CD20 AF700 (BioLegend), CD19 APC-
Vio770 (Miltenyi), CD36 VioBlue (Miltenyi), and a Yellow Live/Dead
viability dye (Invitrogen). Cells were acquired on a Beckman-Coulter
Gallios flow cytometer. In analysis, viable singlet cells were identified
and then B-CLL cells identified as CD19+CD20+CD5+CD23+. Gating
for LPL, CD36, and ZAP-70 positivity was determined using
fluorescence minus one controls for each marker. Liposarcoma cell lines
served as positive controls. The percentage of cells expressing the LPL,
CD36, CD38 and ZAP70 protein were measured. Patient outcomes were
retrieved by chart review. In addition, the median of each marker
separated the study population into “high” and “low”-protein expression
groups. Kaplan-Meier and age/stage-adjusted Cox proportional hazards
regression analysis was performed for each marker to examine
differences between groups.
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Results

Nineteen patients were studied retrospectively. A summary of the patient
demographics is presented in (Table 1). There were found to be no
significant differences between groups in terms of age, sex, and Rai stage
at diagnosis. At the time of blood sample collection groups did not differ
in time from diagnosis, median number of prior treatments, or white
blood cell count. The LPL-high surface expression group shows
improved overall survival (p=0.056) (Figure 1). As expected, the
ZAP70-high surface expression group showed worse survival than the
ZAP70-low surface expression group. High and low CD36 and CD38
expression did not show significant differences in overall survival, likely
due to the small sample size. Next, we performed an analysis of survival,

accounting for subject covariates including age, sex, and Rai stage. LPL
retained a significant protective association. Specifically, high LPL
expression was shown to have protective effect with a hazard ratio of
0.297 when compared with the low LPL expression group after adjusting
for time from diagnosis to sample collection (95% CI =0.006 to 15.294;
p=0.056). High and low CD36 and CD38 expression did not show a
difference in overall survival in the multivariate analysis. Although not
reaching significance, patients with high ZAP70 were nearly 3 times as
likely to encounter a death event compared to low ZAP70 expression.
When the analyses were repeated on the time to first treatment, no
significant differences were found between the high- and low expression
groups.

Table 1: Subject demographics divided by high and low LPL expression further divided by sex, age at diagnosis, age at sample collected, time elapsed from
diagnosis to sample collection, rai stage at time of diagnosis, medium number of treatments prior to sampling, and WBC count at sample collection time.
This allows for direction comparison of different features of the low LPL expression and high LPL expression group.

LPL Strata
High Low
N 9 10
Sex (%)
Female 5(55.6) 3(30.0)
Male 4(44.4) 7 (70.0)
Age at diagnosis (mean (SD)) 68 (10) 64 (7)
Age at sample collect (mean (SD)) 76 (6) 68 (10)
Time from diagnosis to sample collect (mean (SD)) 8.33 (11.03) 405 (3.76)
Rai Stage at time of diagnosis (%0)
0 3(333) 5(50.0)
1 4(44.9) 3(30.0)
2 1(11.1) 2(20.0)
4 1(11.1) 0(0.0)
Number of treatments prior to sample (median) 0 0
WBC at sample collect x10”*3 (mean (SD)) 42.1 (21.9) 46.6 (37.0)
1.00] =—tmteer
LPL
0.751 + Low (n=10)
+ High (n=9)

0.25-
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o
o
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Figure 1: Kaplan-Meier curve comparing the survival probability from time of initial diagnosis to point of last contact between the high LPL (green) and
low LPL (orange) expression groups. The high LPL expression group tended towards improved survivability when compared to that of the low LPL
expression group and therefore a protective effect from time of initial diagnosis to point of last contact (p = 0.056)
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Discussion

For more than a decade now elevated levels of LPL mRNA have been
known to be associated with CLL disease courses with poorer outcomes.
However, while increased levels of cytoplastic LPL mRNA would imply
greater surface expression detectable by flow cytometry, this
relationship is less clear [28]. Interestingly, this production of LPL
mMRNA appears to be restricted to CLL leukemic clones, as normal B-
cells display no or very little expression of LPL mRNA [29]. Mansouri
et al. found increased levels of LPL mRNA corresponding to increased
surface LPL protein expression, but that this expressed LPL surface
protein showed low levels of catalytic activity [30]. Rozovski et al.
showed increased STAT3 transcription factor activity in CLL leading to
increased activity of non-catalytic LPL and increased storage of lipids,
encouraging the cell to preferentially use lipids as an energy source and
therefore conferring a survival advantage [31]. To further complicate the
picture, it appears that increased LPL mRNA levels are strongly
correlated to those with unmutated IGHV (or Um-CLL; a poor
prognostic marker) while increased surface expression is linked to a
mutated IGHV (or Mut-CLL; a favourable prognostic marker) [25]. It
would appear that IGHV is one of the most consequential mutations in
CLL, and LPL mRNA expression has been shown in many instances to
be one of the most reliable surrogate indicators of this mutational status,
among others [32]. This mixed picture questions the mechanism by
which surface-expressed LPL may play a role in a favourable prognosis
as was found in this study.

Differences between LPL surface protein expression and LPL mRNA
levels in different tumor populations may lie in the genetic expression of
the LPL gene. Epigenetic analysis comparing methylation of prognostic
genes in Um-CLL to Mut-CLL may also help to pinpoint their
transcriptional status and expression. Abreu et al. found that cases of
Um-CLL leukemic clones the LPL gene was found to be largely
unmethylated and active [33]. This was later confirmed by Cahill et al.
which utilized a high-resolution 450K array that revealed a
hypermethylated, inactive state of LPL in both control B-cells and Mut-
CLL leukemic clones, while again confirming a hypomethylated, active
state was seen in Um-CLL leukemic clones [34]. Indeed LPL has been
shown to be the most predictive gene when assessing IGHV mutational
status as well as the most reliable prognostic marker able to be measured
from the blood to date [35, 36]. However, measured serum LPL levels
were found to be high regardless of IGHV mutational status [37]. CLL
cases with fully methylated LPL promoter sites were shown to have a
significant clinical benefit with a more indolent disease course and
longer times to initial treatment [38]. Abnormal expression of LPL has
also been found to be associated with other pathways such as NOTCH-1
and B-cell receptor stereotypy [39]. Ultimately, the evidence behind
LPL’s genetic expression and the prognostic value of its cytoplasmic
products is robust. This study would have been greatly supplemented by
the measurement of LPL mRNA expression in our samples to see how
LPL mRNA expression may or may not correlate with LPL surface
protein expression.

As previously mentioned a less robust body of evidence is how the
surface expression of the LPL protein measured by flow cytometry in
CLL may impact the prognostic value of this marker. Preito et al.
examined the subcellular locations of these proteins within both Um-
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CLL and Mut-CLL leukemic clones. This study found that Um-CLL had
perinuclear LPL protein deposits, suggesting de novo production and
that Mut-CLL had largely endosomal LPL protein and surface
expression, suggesting uptake from an extracellular source [40]. It
appears that both leukemic clones, however, were able to bind or
internalize plasma LPL regardless of IGHV mutational status. It is
possible our data may have undergone a sampling bias, where those CLL
clones detected as having surface LPL may have also been the more
indolent Mut-CLL clones. Further study may benefit from stratification
by IVGH mutational status.

With consideration of catalytic activity of LPL surface protein a more
complete picture would also involve investigation into the tumor
expression of the essential co-factors of ApoC-Il and GPIHBP1, which
help to catalyze lipolysis and anchor the protein to the cell surface
respectively. ApoC-II appears to have some evidence of a role in AML
pathogenesis but does not appear to have been investigated in CLL [41].
Similarly, LPL protein surface protein expression may have to do with
the expression of GPIHBPL in CLL cells, the essential anchor that allows
LPL to perform lipolysis [42]. While the role of this co-factor has been
investigated in some solid malignancy literature it is less described in the
malignant hematology literature [43]. Future investigations for this study
could involve measurement of expression of either one of these cofactors
to determine how functional these surface expressed LPL proteins
potentially are.

CLL’s interaction with its microenvironment is largely dependent upon
B-cell activation, which primarily occurs in the lymphatic tissue and
leads to events such as B-cell selection, proliferation, differentiation, and
production of antibodies [44]. CLL leukemic clones also secrete multiple
cytokines upon activation that recruit cells from the surrounding
parenchyma, that subsequently cross-talk with these recruited cells, the
factors of which have been an avenue of research for future therapeutics
[45]. This cross-talk ultimately favours disease progression and
emergence of new heterogenous genetic alterations, leading to the
diseases acquired drug resistance [46]. Interestingly, one of the known
BCR associated downstream activated genes is LPL, and is largely
associated with increased BCR activation in leukemic clones [47]. The
LPL protein has also been shown to play a non-catalytic role in adhesion
between cells, possibly also contributing to microenvironment
communication [48]. Interestingly, the IGHV status of the disease is
intimately tied to the B-cell receptor, as it composes the majority of the
receptor’s structure. It may be the case that unmutated IGHV may
interact more homogenously with the tumor microenvironment and may
subsequent lead to clonal expansion, while those with a more
heterogeneous mutated IGHV may not show the whole disease
activation and progression displayed in the unmutated subtype and may
display a more indolent course.

While much of the research surrounding CLL is concerned with
identification of novel molecular targets for drug development,
interestingly there is some evidence that the current main-line therapies
work to inhibit fatty acid metabolism. Often this disease is observed
rather than treated, and when treated has been shown to respond to a
variety of agents, which are often selected after extensive risk
stratification. Ibrutinib is one such agent, and monotherapy regimens
have been found to be a superior in older previously untreated
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individuals when compared to other chemotherapies [49]. Ibrutinib is
primarily a Bruton’s tyrosine kinase (BTK) inhibitor, but has also been
shown to decrease fatty acid metabolism through downregulation of LPL
in CLL cells [50].

This study was ultimately limited by its small sample size and statistical
analysis that was close but did not quite reach a level of significance
(p=0.056) to determine if there was a significant difference between the
LPL surface expression groups and survivability. Further analysis of
LPL mRNA expression may have further assisted in drawing correlation
between cytoplasmic mRNA expression and resulting cell surface
protein expression. Additionally analysis of co-factor expression of Apo-
C-1l and GPIHBP1 in malignant cells may also identify catalytic ability
of these expressed LPL proteins. Future studies may consider
broadening the sample size, measuring cytoplasmic mRNA levels,
correlating this to the results of measurement of CD36, CD38, LPL, and
ZAPT70 surface expression, and further stratifying by survivability to get
a more robust picture of surface protein expression and CLL prognosis.

Conclusion

Our data show that LPL protein surface expression as measured by flow
cytometry using a novel antibody trended toward a protective effect on
overall survival. LPL protein surface expression is not well characterized
in the context of CLL patient outcomes and the function of LPL in CLL
is not well understood. A growing body of evidence suggests LPL plays
a key role in cancer cell metabolism by providing fatty acids as a critical
energy source; and thus inhibition of LPL is under investigation as a
targeted therapy. LPL protein surface expression regulation isa complex
process that may be governed by processes other than de novo synthesis,
and thus may not correlate with mRNA expression. Future work to
understand the mechanism of synthesis, surface expression, and function
of LPL is warranted in order to guide future development of targeted
therapies in CLL.
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