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Original Article

Elevated Plasma Pentraxin 3 and Its Association with Retinal Vein 
Occlusion

Kyung Soo Park, Ji Wan Kim, Jae Hwan An, Je Moon Woo

Department of Ophthalmology, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea

Purpose: To evaluate plasma pentraxin 3 (PTX3) in patients with retinal vein occlusion (RVO), and investigate 

the possibility of its role as a predictive biomarker. 

Methods: Nested case-control study. The study included 57 patients with RVO and 45 age- and gen-

der-matched subjects without RVO as controls. Plasma PTX3 and C-reactive protein concentration were 

measured in both groups a posteriori from frozen samples by using an enzyme-linked immunosorbent assay 

kit. 

Results: The measured PTX3 value for the RVO group was 1,508 ± 1,183 pg/mL (mean ± standard deviation) 

and 833 ± 422 pg/mL for the controls (p < 0.001). There was no significant difference in PTX3 levels between 

patients with central retinal vein occlusion and branched retinal vein occlusion (1,468 ± 1,300 vs. 1,533 ± 1,121 

pg/mL; p = 0.818). 

Conclusions: Our data seems to support the role of chronic inflammation and ischemia in the development of 

RVO. It is possible that PTX3 can be used as a diagnostic biomarker of RVO.
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Retinal vein occlusion (RVO) is the second most com-
mon retinal vascular disease after diabetic retinopathy. In 
most cases, RVO is caused by a reduction in venous flow, 
which manifests itself either as a central retinal vein occlu-
sion (CRVO) or branch retinal vein occlusion (BRVO) [1].

Associated macular edema can appear after multifacto-
rial pathophysiologic changes resulting in compromised 
capillary flow and breakdown of the blood-retinal barrier 
with a subsequent imbalance of angiogenic and inflamma-
tory cytokines in the ocular fluid [2]. Cytokines therefore 
play a crucial role in the functioning of endothelial cells 

and leucocytes, which contribute to cytokine secretion [3]. 
The long-term exposure of endothelial cells to proinflam-
matory cytokines can lead to leucocyte extravasation and 
thrombosis, in addition to the originating retinal venous 
obstruction. Thus, inflammation and vascular dysfunction 
interact with each other and are stimulated predominantly 
by vascular endothelial growth factor, a known chemoat-
tractant cytokine for macrophages and leucocytes. These 
findings explain the upregulation of vascular endothelial 
growth factor mRNA in RVO [4].

Some studies have reported that RVO is associated with 
increased levels of acute-phase proteins such as the highly 
sensitive C-reactive protein (CRP), which is related to the in-
nate immune response and inflammation [5]. Other studies 
identified highly sensitive CRP as a predictor of large vessel 
disease in healthy subjects [6], and showed its association 
with the development of peripheral vascular disease [7].
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Pentraxins are a superfamily of acute phase reactants 
characterized by a cyclic multimeric structure. The classi-
cal short pentraxin, CRP, belongs to the pentraxin protein 
family which is structurally distinguished by a character-
istic pentameric structure [8]. The long pentraxin family 
member, pentraxin 3 (PTX3), was recently described. Like 
CRP, PTX3 is induced by acute inflammatory stimuli such 
as bacterial products, interleukin (IL)-1, and tumor necro-
sis factor (TNF). These stimuli are mediated by diverse 
cell types, predominantly macrophages and vascular endo-
thelial cells, but, importantly, not by hepatocytes [9]. PTX3 
is produced in vascular endothelial cells and macrophages, 
while CRP is produced mainly in hepatocytes predomi-
nantly under transcriptional control by the cytokine IL-6 
[9,10]. Because of these facts, PTX3 levels may more di-
rectly reflect the inflammatory status of the vasculature. A 
recent study reported an elevation of inflammatory factors 
including PTX3 in the vitreous f luid of patients with 
CRVO [11]. However, to the best of our knowledge, no 
study has reported plasma PTX3 levels in patients with 
CRVO and BRVO.

This study evaluated plasma levels of PTX3 in patients 
with RVO and investigated the possibility of their role as a 
diagnostic biomarker. Accordingly, this study will provide 
insight into the etiological mechanisms involved in RVO.

Materials and Methods

This study was a nested case-control study. Fifty-seven 
RVO patients and 40 control subjects were enrolled from 
the Department of Ophthalmology, Ulsan University Hos-
pital, Ulsan University College of Medicine between 
March 2010 and December 2012. This study was approved 
by the institutional human experimentation committee re-
view board of Ulsan university hospital and was per-
formed in accordance with the ethical standards in the 
1964 Declaration of Helsinki. After a detailed explanation 
of the procedure benefits and risks, informed consent was 
obtained from all patients.

Both case and control subjects went through a complete 
ophthalmic examination. All fundus exams were per-
formed and graded by a single retinal specialist. RVO was 
diagnosed when a retinal nonperfused area in an occluded 
area was detected by fluorescein angiography (FAG) with 
the Heidelberg Retina Angiograph Spectralis (Heidelberg 

Engineering, Heidelberg, Germany). FAG or fundus exam-
ination of these patients revealed retinal hemorrhages and 
dilated, tortuous retinal venous systems with or without 
macular edema. Forty age- and gender-matched healthy 
subjects without preexisting ocular disease were included 
as a control group for comparison.

Full eye examinations, including best-corrected visual 
acuity, tonometry, biomicroscopy, and fundoscopy after 
pupil dilation were performed in all subjects. Fundus pho-
tography and optical coherence tomography was done in 
all subjects to reveal macular edema, and FAG was done in 
all RVO patients and some controls when required.

Patients with RVO were classified as having CRVO or 
BRVO according to fundus exams and FAG. CRVO was 
diagnosed in the presence of four quadrants of retinal 
hemorrhage, vascular tortuosity, dilation, and delayed cen-
tral retinal venous filling on fluorescein angiogram. If only 
one quadrant contained retinal hemorrhages, vascular tor-
tuosity, dilation and delayed central retinal venous filling 
then BRVO was diagnosed. 

Exclusion criteria included acute or chronic infectious 
diseases, autoimmune disorders or chronic inflammatory 
disease, creatinine more than 2.0 mg/dL, abnormal hepatic 
function tests (more than two-fold elevation), abnormal 
leukocyte count, and malignancies. Patients with ophthal-
mic problems known to be associated with inflammation 
or autoimmune disease and other ocular disease such as 
glaucoma, age-related macular degeneration, diabetic reti-
nopathy, central serous chorioretinopathy and uveitis were 
also excluded. 

Venous blood samples were obtained from patients before 
adding any antioxidant medication. The plasma was imme-
diately separated by centrifugation and then stored at -80°C. 
Plasma PTX3 concentration was measured using a commer-
cially available enzyme-linked immunosorbent assay (ELI-
SA) kit (R&D Systems, Minneapolis, MN, USA) and plas-
ma CRP concentration was measured with a highly sensitive 
ELISA kit (DakoCytomation, Glostrup, Denmark). 

The statistical analyses were performed with SPSS ver. 
18 (SPSS Inc., Chicago, IL, USA) using the independent 
t-test and the Mann-Whitney test. A p-value less than 0.05 
was assumed to be statistically significant. 
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Results

Baseline demographic characteristics are provided in Ta-
ble 1. The case subjects included 38 men and 19 women 
ranging from 27 to 79 years of age (57.4 ± 10.7). Of the 40 
controls, there were 19 men and 21 women ranging from 
36 to 83 years of age (60.9 ± 11.9). There was no significant 
difference in the gender, age, and distribution of systemic 
diseases including diabetes and cardiovascular disease be-
tween patients with RVO and the control group. 

Laboratory findings for each study group are summa-
rized in Table 1. The CRP level was significantly higher 
among patients with RVO (4,059 ± 2,720 vs. 775 ± 869 pg/

mL; p < 0.001). The measured PTX3 concentration for 
RVO patients was 1508 ± 1183 pg/mL, and was 833 ± 422 
pg/mL for the controls (p < 0.001). 

The baseline demographic characteristics and laboratory 
findings for the RVO subtype study groups are summa-
rized in Table 2. The 22 CRVO subjects made up of 13 
men and 9 women ranged from age 27 to 79 years (58.8 ± 
11.5). Of the 35 BRVO subjects, there were 15 men and 20 
women with ages ranging from 38 to 76 years (56.5 ± 10.3). 
The only baseline characteristics that appeared different 
between the subgroups was a best-corrected visual acuity 
(BCVA) that was significantly worse (0.94 ± 0.55 vs. 0.58 ± 
0.54, p =0.018) and a relative prevalence of macular edema 

Table 1. Baseline demographic characteristics and laboratory findings of the case and control subjects

Characteristic Case (retinal vein occlusion) Control p-value*

No. of groups                          57                           40
Gender (male : female) 38 : 19 19 : 21    0.877
Age (yr, range)           57.4 ± 10.7 (27-79)           60.9 ± 11.9 (36-83)    0.130
Systemic disease 
   Diabetes mellitus                           11                            7    0.825
   Hypertension                           31                           22    0.953
   Hyperlipidemia                          20                          13    0.874
C-reactive protein (pg/mL) 4,059 ± 2,720 775 ± 869 <0.001
Pentraxin 3 (pg/mL) 1,508 ± 1,183 833 ± 422 <0.001

Values are presented as number or mean ± standard deviation.
*Derived from independent sample t-test.

Table 2. Baseline demographic characteristics and laboratory findings of the CRVO and BRVO group

Characteristic CRVO BRVO p-value*

No. of groups                        22                        35
Gender (male : female)                      13 : 9 15 : 20 0.237
Age (yr, range)            58.8 ± 11.5 (27-79)           56.5 ± 10.3 (38-76) 0.301
Systemic disease 
   Diabetes mellitus                          5                          6 0.606
   Hypertension                        10                        21 0.287
   Hyperlipidemia                        12                        15 0.394
Macular edema                        20                        23 0.033
BCVA (logMAR)  0.94 ± 0.55 0.58 ± 0.54 0.018
C-reactive protein (pg/mL)  3,722 ± 2,586 3,124 ± 2,587 0.461
Pentraxin 3 (pg/mL)  1,468 ± 1,300 1,533 ± 1,121 0.818

Values are presented as number or mean ± standard deviation.
CRVO = central retinal vein occlusion; BRVO = branch retinal vein occlusion; BCVA = best-corrected visual acuity; logMAR = loga-
rithm of minimal angle of resolution.
*Derived from Mann-Whitney test.
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that was significantly higher (20 / 22 vs. 23 / 35, p = 0.033) 
in patients with CRVO. However, CRP and PTX3 concen-
trations were not significantly different between subjects 
with CRVO and BRVO (3,722 ± 2,586 vs. 3,124 ± 2,587 pg/
mL, p = 0.461; 1,468 ± 1,300 vs. 1,533 ± 1,121 pg/mL, p = 
0.818, respectively).

Discussion

PTX3 is a recently described multimeric inflammatory 
mediator structurally linked to the short pentraxins like 
CRP [12]. While CRP is exclusively derived from hepato-
cytes, PTX3 can be synthesized by a variety of tissues and 
cells, such as vascular endothelial cells [13], macrophages 
[14], and fat tissue [15]. Moreover, our other study con-
firmed that human retinal pigment epithelial cells may be 
a major source of PTX3 production in the presence of 
proinflammatory cytokines such as IL-1β and TNF-α, and 
could be an important mediator for the inflammatory re-
sponse in the retina [16]. Because PTX3 modulates the 
arrangement of leukocytes during the inflammatory pro-
cess [17], an increment of PTX3 could lead to increased 
vascular permeability [18]. In fact, it is reported that 
PTX3-deficient mice have a more limited degree of vascu-
lar permeability in response to inflammatory signals [18]. 
Elevation of vascular permeability may be involved in the 
interaction among various inf lammatory factors, so it is 
possible that increased vascular permeability due to in-
creased PTX3 exacerbates macular edema associated with 
RVO. Thus, it is expected that PTX3 will act as a better bi-
ological marker of local tissue inflammation than conven-
tional CRP. 

Inflammation plays a key role in atherosclerosis [18-20]. 
Acute-phase reactants such as CRP and PTX3 are well 
known to be involved in the inflammatory response and 
atherosclerosis [9,21]. The increase of these protein in car-
diovascular diseases implies that they can serve as a prog-
nostic factor for vascular disease [22-24]. In addition, evi-
dence suggests that PTX3 is released as part of a response 
specific to vascular damage, indicating that PTX3 may 
give information more pertinent to the development and 
progression of atherosclerosis than non-specific markers, 
such as CRP [25].

Recent reports detailed an increase of PTX3 after surgi-
cal procedures and myocardial infarctions with a response 

that was quicker, but less apparent than for CRP. One ex-
planation is that PTX3 ref lects baseline atherosclerotic 
ischemia more accurately in acute stress conditions such as 
stroke, myocardial infarctions, and RVO [26,27]. It may be 
productive for future studies to explore the specific func-
tions and mechanisms of PTX3 in ischemic diseases.

The pathogenesis of RVO has been examined in numer-
ous epidemiological, pathological, and biological studies 
and several mechanisms of pathogenesis have been pro-
posed [28-30]. Martin et al. [28] concluded that a RVO can 
be the presenting sign in patients at increased risk for car-
diovascular disease, and there may be increased mortality 
from cardiovascular disease in patients with vein occlu-
sions. Since atherosclerotic plaques include proteins com-
mon to inf lammation and immune-mediated processes, 
chronic inflammation and ischemia has been suggested to 
be one of the pathogenic mechanisms for RVO [5].

Atherosclerosis plays an important role in ischemia and 
the pathogenesis of various vascular diseases such as 
stroke and RVO, and macrophages and endothelial cells 
are major cellular constituents of atherosclerosis. A range 
of cell types, including macrophages and endothelial cells, 
produce PTX3 in response to inflammatory stimuli such 
as bacterial endotoxin, IL-6, and TNF. Additionally, ele-
vated levels of systemic inflammatory cytokines such as 
IL-6 have been reported in RVO cases [5]. This relation-
ship between atherosclerotic pathogenesis and PTX3 
prompted the current study investigating an association 
between RVO and PTX3, and whether PTX3 might serve 
as a biomarker and a prognostic factor for RVO.

This study shows that patients with RVO have signifi-
cantly elevated levels of PTX3 compared with unaffected 
controls, but the levels of PTX3 were not significantly 
different between the CRVO and BRVO groups. This 
finding might be explained by a similar degree of macular 
edema despite different disease classifications, which was 
not accounted for in this study. The existence of an unde-
tected infection may also have contributed to a decreased 
sensitivity for a difference between patients with CRVO 
and BRVO. This study is limited by the small number of 
patients and the lack of information on other inflammatory 
markers like IL-6, TNF-α and myeloperoxidase, which 
precludes a comparison between the prognostic value of 
PTX3 and other inflammatory markers. Finally, because 
the PTX3 level was only measured once for each patient, 
individual variation could not be assessed. 
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Although there were some limitations in this study, these 
findings suggest that PTX3 can be used as a diagnostic 
biomarker of RVO. Further observational studies in vari-
ous clinical situations with a larger number of participants 
will be needed to confirm these results and corroborate its 
usefulness as a prognostic biomarker. To consider a 
PTX3-lowering strategy would then be the next step.
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