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ABSTRACT
Objective: Leucine rich alpha-2-glycoprotein 1 (L i ediator involved in the abnormal
angiogenesis. We aimed to investigate circulating L d their relationship with proangiogenic
mediators in sickle cell disease (SCD).
Methods: A total of 50 patients with SCD, 25 i
(SCD-VOC), and 25 healthy controls were incl tudy. Demographical and clinical data were collected
from hospital records. Serum LRGI, VEGFA vels were measured by ELISA, and CRP by the
nephelometric method. Routine bioche ere assessed using an auto analyzer. Multinomial
logistic regression was used to analyz ameters, and ROC curves were constructed to determine the
optimal cut-off point for HIF1A t n SCD patients.

Results: LRG1 and VEGFA le tly higher in SCD patients than controls (p<0.001), with no
difference between SCD-SS oups. HIF1A, CRP, and LDH levels differed significantly across
all groups, highest in SC 01). After adjusting for age and gender, LRG1, HIF1A, and VEGFA
remained elevated in SCD correlated with CRP (r = 0.351, p = 0.024), but LRG1 showed no
correlation with pro diators in SCD-VOC group. The area under the curve (AUC) was calculated

, .021) and the optimal cut-off point were 494.5 pg/ml for HIF1 A parameter to
SCD.
1 levels may reflect neutrophil activation and contribute to the cross-talk between

itions (SCD-SS), 25 in painful VOC periods

tion in the B-globin gene. This mutation results in the substitution of valine for glutamic acid at the 6th

sition of the B chain, forming abnormal hemoglobin (HbS) (2, 3). The polymerization of deoxygenated HbS

sults in the transformation of red blood cells (RBC) from biconcave into sickle cell shape under low-oxygen
conditions, leading to vaso-occlusion, especially in small vessels. Continuous and intermittent microvascular
blockages initiate complex pathophysiological mechanisms, encompassing ischemia-reperfusion injury,
hypercoagulability, heightened leukocyte adhesion to the endothelium, and ultimately tissue damage (4).
While the ischemic events of SCD have been extensively investigated, the role of hypoxia-induced angiogenic
responses has not been fully elucidated in patients with SCD. Hypoxia inducible factor 1 subunit alpha (HIF1A)
plays a pivotal role in maintaining oxygen homeostasis and is upregulated during hypoxia (5). Under hypoxic or



ischemic conditions, HIF1A initiates the upregulation of gene transcription and associated mediators responsible
for promoting angiogenesis, such as vascular endothelial growth factor A (VEGFA). There are limited studies
showing increased HIF1A expression levels in SCD (6, 7). Elevated levels of VEGFA have also been observed
in patients with SCD, attributed to factors including hypoxia, ischemia, and vascular damage (7-9). However,
certain studies have reported inconsistent findings (10). While these observations suggest a correlation between
hypoxia and angiogenesis, the presence of pro-angiogenic mechanisms in SCD remains unclear. Among the
emerging factors, leucine rich alpha-2-glycoprotein 1 (LRG1) is a secreted glycoprotein belonging to the
leucine-rich repeat (LRR) protein family (11). LRG1 is primarily secreted from neutrophils, but it is also
released from other cell types, including endothelial cells, epithelial cells and fibroblasts (12). Its primary
function involves modulating angiogenesis, specifically pathological angiogenesis, by promoting vascular
remodeling through the TGF-f signaling pathway (13). Elevated levels of LRG1 have been documented in
diseases characterized by abnormal angiogenesis, such as diabetic kidney disease (14), multiple myeloma (

and osteoarthritis (16)
However, there have been no studies investigating LRG1 levels in SCD. Considering the unbalancg
angiogenesis resulting from hypoxia in patients with SCD, investigating the role of LRG1 may cot
elucidating the cross-talk between angiogenetic and inflammatory mediators, including VE

ibute to

This is the first study evaluating serum LRG1 levels in patients with SCD. The aim of
serum LRGI level and its relationship with VEGFA, HIF1A, and acute phase reacta
during steady-state (SS) conditions and painful vaso-occlusive crisis (VOC) episo
Materials and Methods
Study design

is to examine
ith SCD

Hematology Department of Mustafa Kemal University Hospital betw
included in the study. The control group consisted of 25 age- a
and clinical features were obtained from the hospital inform:
SCD, 25 were in steady-state (SCD-SS) and 25 wereyin a pa
An acute VOC phase was clinically considered a pai i
the pain was specific to vaso-occlusion. Doctors coul
sought treatment for pain in the emergency depa
patients who had not been in crisis for at least
Informed written consent was obtained from al

drecorded. Out of 50 patients with
clusive crisis (SCD-VOC) condition.
ore than 2 hours, and the patient felt
her etiology for the pain, and the patient
ts in the SS period were clinically defined as
e study inclusion (17).

healthy control participants. This study was
Helsinki Ethical Principles for Human Medical

number: 2021/47).
Exclusion criteria
Individuals with any hemato
SCD. Patients who had ac
those with chronic kidney
diabetes, obesity, livengfai onary heart disease, smokers, alcohol consumers, those who had received

e er than SCD and patients with chronic pain that is unrelated to
drome or other SCD-related complications within the past year as well as

ng any medication to the patient. After centrifugation at 1500 x g for 10 minutes (Nuve NF
, samples were aliquoted for the measurement of routine biochemistry and enzyme-linked

drogenase (LDH) activities were measured by the spectrophotometric method using an autoanalyzer (Advia
, Siemens, Japan), and serum high sensitive C-reactive protein (hsCRP) levels were measured by the
phelometric method (Siemens ADVIA 1200, Japan). Hematological parameters were assayed using a whole
blood count analyzer (Mindray BC-6800, Shenzhen, China) within two hours of collection.

Serum LRG1, HIF1A, and VEGFA levels of all samples were measured by the ELISA method using
commercially available kits (Elabscience ELISA Kits, China) according to the manufacturer’s protocol for the
ELISA device (Thermo Fisher Scientific Multiscan Go, Finland). Concentrations were calculated using a 4P-
logic calibration curve, and the performance characteristics of the kits are as below:



LRG1 ELSIA kit (LOT: E-EL-H1287), the analysis range was 7.81-500 ng/mL, with a sensitivity of 4.69
ng/mL. Intra-assay CV<% 8 and inter-assay CV<% 10. The final concentrations were calculated by multiplying
the dilution factor and given as pg/mL.

HIF1A ELISA kit (LOT: E-EL-H6066), the analysis range was 62.5-4000 pg/mL, with a sensitivity of 37.5
pg/mL. Intra-assay CV<% 8 and inter-assay CV<% 10.

VEGFA ELISA kit (LOT: E-EL-HO0111), the analytical range was 31.25-2000 pg/mL, with a sensitivity of 18.75
pg/mL. Intra-assay CV<% 8 and inter-assay CV<% 10.

Statistical Analysis

Statistical package IBM SPSS Statistics software (SPSS) for Windows, Version 21.0 (SPSS Inc., Chicago, IL)
was used to analyze the data. The power analysis was performed using an effect size (Cohen's f) of 0.44, wit
alpha level of 0.05 and a power of 0.80. The effect size was determined based on similar studies in the liter:
and pilot data previously obtained. The required sample size for each group was calculated to be at least 18
subjects. The normality of the data was evaluated using the Shapiro-Wilk test. Normally distributed yasi

Tamhane's T2 tests as appropriate. For non-normally distributed continuous variables, the
post-hoc Bonferroni multiple comparison test was utilized. The relationships between yaii

resulting Odds Ratios (OR) and 95% confidence intervals (CI) were rg
operating characteristic (ROC) curves and calculated the sensitivities
cut-off point was detected for HIF1A parameter to estimate VO

< 0.05 was considered statistically significant.

ficities of HIF1A. The optimal
CD. A significance level of p

RESULTS

The demographic distribution and laboratory res
with SCD, 25 (50%) were males and 25 (50%)
statistically significant differences in age and g
patients had homozygous sickle cell ancpai
anemia (HbSS), while only 3 (6%) had e/p-t
SCD-VOC group and 13 patients ngthe SCD-SS group were using hydroxyurea.

Serum CRP levels and LDH actj cantly different for all three groups, but highest in the SCD-
VOC group (p<0.001). Whit V and neutrophil counts and AST activities were found to be

i ¢ healthy controls (p<0.001), but there was no significant difference

ups. Hemoglobin levels were significantly different for all three groups
, but albumin levels were significantly lower only in the SCD-VOC group

ipants were presented in Table 1. Of the 50 patients
a mean age of 3449 years. There were no
participants in all three groups. The majority of the

mia (HbS/B+-thalassemia). Fifteen patients (60%) in the

between the SCD-VOC ani
and lowest in the S

(p<0.001) (Table evels were significantly higher in both the SCD-SS and SCD-VOC groups
compared to the ¢ .003 and p=0.001, respectively). There was no significant difference observed in
serum LRG ‘ e SCD-SS and SCD-VOC groups (Figure 1A). Serum HIF1A levels were

both the SCD-SS and SCD-VOC groups compared to the controls (p<0.001) (Figure 1B),
ere observed in the SCD-VOC group (p=0.006). VEGFA levels were significantly higher

ce was observed between the SCD-SS and SCD-VOC groups (Figure 1C). In the VOC-SCD
IF1A levels positively correlated with CRP levels (r=0.351, p = 0.024). There were no

adjusting for age and gender, the SCD-SS and SCD-VOC groups were found to have significantly higher
s of LRG1, HIF1A, and VEGFA compared to the control group (Table 2). The area under the curve (AUC)
as calculated as 0.694 (95% CI, 0.542-0.845, p= 0.021) and the optimal cut-off point were 494.5 pg/ml for
HIF1A parameter to estimate VOC in patients with SCD (Figure 2). The HBS levels of SCD-SS and SCD-VOC
groups were 76.5% (58.6-88.4) and 79.5% (76.5-84.4), respectively. There was no significant difference
observed between groups (p= 0.572). HbS levels were not correlated with LRG1, HIF1A and VEGFA levels in
SCD patients (respectively, r=0.099, p = 0.748; r = 0.421, p = 0.152; r = -0.022, p=0.940)

DISCUSSION



In this study, serum levels of LRG1 along with proangiogenic mediators HIF1 A and VEGFA were measured at
different stages of SCD. Both LRG1 and VEGFA levels were significantly elevated in SCD patients compared to
healthy controls, with no significant differences observed between the SS and VOC periods, displaying similar
patterns. Serum HIF 1 A levels significantly higher in SCD patients, with the highest levels observed in the VOC
group, differing from LRG1 and VEGFA. Additionally, a significant but low correlation was observed between
serum HIF1A and CRP levels, while no correlation was found between LRG1 and proangiogenic mediators.
HIF1A demonstrated better discriminatory ability between VOC and SS conditions in SCD patients.

In the present study, it was found that LRG1 levels were significantly elevated in both the SS and VOC groups
compared to the healthy controls (p=0.003 and p=0.001, respectively) (Fig. 1A) (Table 1). Additionally, serum
LRGI1 levels remained significantly higher in SCD-SS and SCD-VOC groups in multivariable models adjustia
for age and gender (Table 2). But there was no significant difference observed between the VOC and SS pe
A potential explanation for the elevated levels of LRG1 in SCD patients could be associated with its secreti
kinetics. Because LRG1 is packaged into the granule compartment of human neutrophils and secretedqupe

neutrophil counts in both the SCD-VOC and SCD-SS groups compared to the controls in th
support this notion (Table 1).

We also found higher serum CRP levels in the patient group, but its levels were hig
ation in SCD.
But in the VOC group, there was no significant correlation between L C, or neutrophil

counts. However, the level of LRG1 did not vary with disease severity: ] is not an effective
biomarker for distinguishing between the crisis and remission periods. The ies are needed to
understand the role of LRG1 as an acute-phase protein in patients with pwever, the significantly elevated
levels of circulating LRG1 in patient groups suggest its potential invo angiogenic imbalance

associated with SCD. LRG1 exerts these effects by activating thepro-angi ic pathway, promoting
endothelial cell proliferation, migration, and tubulogenesis ( i been reported that LRG1 enhances
TGF-p signaling in the endothelium, contributing to abnorm owth in inflammatory and ischemic
conditions (13). This mechanism may also play a ro [ of SCD. In a study conducted on a
cardiomyocyte cell line, it was demonstrated that LR nhanced the expression of HIF1A (22).
Another study reported that LRG1 induces HIF1 ithelial- mesenchymal transition and
angiogenesis in colorectal cancer (23). Moreov demonstrated to guide glomerular endothelial
cells toward a pro-angiogenic pathway (24) an ocular neovascularization in diabetic retinopathy
(13). In this study, serum VEGFA and ogenic mediators, were also measured. Serum HIF1A
levels were significantly increased in CD-VOC groups compared to healthy controls

t, after adjusted for age and gender (Table 2). HIF1A is a
widely recognized key transcripti omes activated in response to hypoxia and plays a vital role in

elevated HIF1A levels in i nlike LRG1, its levels were significantly higher in the SCD-VOC
group compared to the roup (p=0.006) (Fig. 1B) and showed a positive correlation with CRP levels (r

We can say that a serum HIF1A cut-off value greater than 494.5 pg/ml is feasible to
atients.

HIF1A levels observed in patients during the SS period were likely a result of ongoing
on, as suggested by a previous study (28). During hypoxia, it has been demonstrated that
binds to the regulatory region of the VEGFA-expressing gene, thereby initiating its transcription

ignificant difference was observed between two periods (Fig. 1C). VEGFA has been previously investigated
tients with SCD; however, conflicting results have been reported. While some studies have found no
fferences in VEGFA levels between patients with SCD during VOC and SS periods (10, 31), other researchers
have reported higher VEGFA levels during VOC episodes (32). A possible reason for the differences between
studies could be related to the anti-angiogenic effects of hydroxyurea, a drug used in SCD treatment. One study
has suggested that hydroxyurea reduces VEGFA and HIF 1A expression under both in vivo and in vitro
conditions (33). Although the underlying mechanism has not yet been elucidated, hydroxyurea treatment may
have affected serum LRG1 and VEGF levels through novel vascular mechanisms in the patients at different
stages of SCD. The use of hydroxyurea was comparable between both groups in patients during the SS (52%)




and VOC periods (60%). This may explain the lack of a significant difference between the two groups in our
study. In the current study, serum VEGFA levels have demonstrated a similar pattern to serum LRG1 levels in
patients with SCD. A similar relationship has been reported in another study conducted on tumor cells. They
have shown that LRG1 directly induces VEGFA expression and promotes angiogenesis in colorectal cancer cells
(23). Another study also showed that knockdown of LRG1 dramatically reduced VEGFA expression in mice
retina (13). In the present study, elevated LRG1 and VEGFA levels in SCD patients may cause the formation of
non-functional vessels, contributing to the unbalanced angiogenesis triggered by ischemic processes.

In conclusion, we observed elevated levels of LRG1 and along with other proangiogenic mediators, VEGF and
HIF1A, in SCD patients. Additionally, HIF1A may prove to be more useful in distinguishing between VOC and
steady-state periods. Circulating LRG1 levels may reflect neutrophil activation in SCD and contribute to the
cross-talk between proangiogenic mediators released during hypoxia. However, this small cohort study does
support LRG1 as a biomarker for VOC. Larger studies with more extensive sample sizes are needed to valid

its potential as a biomarker in patients during the VOC period.

Limitations of the study

The first limitation is the small sample size of the study because of the single-center design. A
drug use. More than half of the patients were receiving hydroxyurea treatment, which had pre¥ious
reported to affect the serum levels of some markers. Therefore, further studies with a larger group
considering drug usage are needed.
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Table 1. The comparison of age, gender and the levels of biochemical parameters in study groups.

Control (n=25) SCD-SS (n=25) SCD-VOC (n=25)
Mean + SD Mean + SD Mean + SD

Variables Median (25%-75%) Median (25%-75%") Median (25%-75%") p-Values

Female, n (%) 17 (68) 11 (44) 14 (56) 0.23

Age, yrs 33+7 359 3349

WBC, 10% /uL 7.2 (5.9-8.3) 11.4 (6.9-13.7) 13.4 (10.7-17.6)

Neutrophil counts, | 4.1 (3.4-5.2) 6.1 (4.1-8.9) 9.3 (6.3-13.1)

10° /uL

Hemoglobin, 14+£1.6 9.3+2.1 7.7+1.1 <0.001?

g/dL** <0.001°
0.002°¢

Platelet, 10° /uL 243 (211-288) 361 (219-444) 17 (184-41 0.065

hsCRP, mg/L 0.92 (0.64-1.71) 4.39 (3.13-7.73) (10.5-61.5) <0.001*
<0.001°
0.003¢

Albumin, g/dL 4.6 (4.4-4.7) 4.3 (4.2-4.7) -3.9) 0.398°
<0.001°
<0.001°¢

ALT, U/L 17 (14-26) 18 ) 25 (14-33) 0.416

AST, U/L 15 (13-20) 40 (27 50 (36-60) <0.001*
<0.001°
0.791°¢

LDH, U/L 145 (89-201) 9 (238-542) 638 (491-680) <0.001*
<0.001°
0.016¢

BUN, mg/dL 11 (10-1 (8-13) 8 (6-11) 0.280°
0.252°
0.002°¢

Creatinine, mg/dL 0.49 (0.42-0.61) 0.42 (0.34-0.55) <0.001*
<0.001°
0.813¢

LRGI (pg/mL)* 29.5+9.4 31.3+18.3 0.003*
0.001°
0.862°¢

HIF1A (pg/mL)*% 4.8+44.7 413.54+169.3 572.1+241.5 <0.001*
<0.001°
0.006¢

EG /mL) 416 (374-484) 492 (417.5-630.5) 528 (446.5-589) 0.004*

<0.001°
1.000°

¢ quare test, ** ANOVA test. Kruskal Wallis test were conducted for other parameters. SCD-SS, the

ients with SCD in steady-state condition. SCD-VOC, The patients with SCD in painful VOC period. To
emonstrate statistical significance in pairwise comparisons: *, Control vs. SCD-SS; ®, Control vs. SCD-VOC
groups; ¢, SCD-SS vs. SCD-VOC groups. WBC, white blood cell; hsCRP, high-sensitivity C-reactive protein;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; BUN, blood urea
nitrogen; LRG1, leucine rich alpha-2-glycoprotein 1; HIF1A, hypoxia inducible factor 1 subunit alpha; VEGFA,
vascular endothelial growth factor A.



Table 2. Multinomial logistic regression for the association between study groups and ELISA parameters

LRG1 HIF1A VEGFA

Control 1 (Reference) 1 (Reference) 1 (Reference)
SCD-SS OR (95% 1.15 (1.053-1.256) 1.025 (1.010-1.042) 1.014 (1.005-1.022)

ChH*

p-Value 0.002 0.002 0.002
SCD-vOC OR (95% 1.2 (1.076-1.339) 1.029 (1.013-1.046) 1.015 (1.007-

ChH*

p-Value 0.001 <0.001

HIF1A, hypoxia-inducible factor 1 subunit alpha; VEGFA, vascular endot growth facto
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