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PURPOSE. To determine the status of proangiogenic factors in the tear fluid of preterm
infants with and without retinopathy of prematurity (ROP).

METHODS. Preterm infants (n = 36) undergoing routine ROP screening included in the
prospective study were categorized as No-ROP (n = 13, no ROP at any visits), ROP (if
ROP was present at first visit; n = 18), or No-ROP to ROP (no disease at first visit, but
developed ROP subsequently; n = 5). Infants with ROP were also grouped as progressing
(n= 7) and regressing (n= 16) based on ROP evolution between the first and subsequent
visits. Schirmer’s strips were used to collect tear fluid and proangiogenic factors (VEGF,
angiogenin, soluble vascular cell adhesion molecule, and fractalkine) levels (in picograms
per milliliter) in tear fluid were measured by multiplex ELISA.

RESULTS. Lower levels of VEGF (135 ± 69; mean ± standard deviation) and higher levels
of angiogenin (6568 ± 4975) were observed in infants with ROP compared with infants
without ROP (172.5 ± 54.0; 4139 ± 3909) at the first visit. Significantly lower levels
of VEGF were observed in the No-ROP to ROP group compared with the No-ROP and
ROP groups. The VEGF and angiogenin levels at the first visit were significantly lower
in infants with ROP with progressing disease. Angiogenin levels negatively correlated
with birth weight and gestational age in ROP. The area under the curve (AUC) and odds
ratio (OR) analysis demonstrated that angiogenin/birth weight (AUC = 0.776; OR, 8.6);
angiogenin/gestational age (AUC = 0.706; OR, 7.3) and Angiogenin/VEGF (AUC = 0.806;
OR, 14.3) ratios were able to differentiated preterm infants with and without ROP.

CONCLUSIONS. The association between angiogenin and ROP suggests its possible role in
ROP. The ratio of angiogenin level with birth weight, gestational age, and/or VEGF could
serve as a potential noninvasive screening biomarker for ROP.
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Retinopathy of prematurity (ROP), a vasoproliferative
disorder of the developing retina, is one of the major

causes of blindness in preterm infants.1 ROP currently repre-
sents the leading preventable cause of childhood blindness
worldwide with an incidence of 184,700 (within 14,900,000
preterm births), with close to 30% requiring active treatment
for ROP and 17% surviving with some form of visual impair-
ment to blindness owing to ROP.2,3 It is a significant prob-
lem in the developing world such as Asia,3 where recent
advances in neonatal care have led to a substantial increase
in the survival of preterm infants, albeit with a higher inci-
dence of ROP.4,5 The incidence of any stage of ROP among
preterm infants in India ranges between 22% and 52% and
those that require treatment are from 3.5% to 10%.5 Birth
weight, gestational stage, and oxygen saturation of preterm
infants are critical predisposing factors to ROP.6

The primary pathology of ROP is driven by the disrup-
tion and dysregulation in the postnatal development of the
retinal vasculature.7 The mechanism underlying this patho-
genesis is attributed to an imbalance in the endogenous
proangiogenic and antiangiogenic factors in the developing
retina.7 Angiogenic factors imbalance in the retina is associ-
ated with two major phases in ROP development, namely,
the vaso-obliteration and vasoproliferation phases.7,8 The
vaso-obliteration phase in preterm infants happens imme-
diately after birth, owing to the surge in the SpO2 (periph-
eral capillary oxygen saturation), caused by the difference
between the in utero environment and room air oxygena-
tion.7 The surge in the SpO2 results in a hyperoxic envi-
ronment resulting in a decrease in angiogenic factors induc-
ing reduced growth of retinal vasculature.7,8 This stasis in
vascular growth results in a hypoxic environment at the
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developing end that triggers the production of proangio-
genic factors including vascular endothelial growth factor
(VEGF) to stimulate the retinal vessel development.7,8

However, in some preterm infants this otherwise physio-
logical response goes awry resulting in an uncontrolled
and disorganized pathological angiogenesis that either self
resolves or requires active intervention to prevent irre-
versible blindness owing to retinal traction and detach-
ment.7,9

VEGF has evolved as the most studied and primary
disease modifiable factor in ROP. VEGF was found to
be elevated in the peripheral, avascular retina of a
preterm infant with ROP.10 Further, an increase in the
levels of VEGF11–17 and other proangiogenic factors includ-
ing erythropoietin,15 angiopoietins (angiopoietin-1 and
angiopoietin-2)18 in the vitreous humor of infants with ROP
were observed. To further signify the imbalance in angio-
genic factors, a decrease in antiangiogenic factors such as
pigment epithelium-derived factor19 and VEGF165b

13 in the
vitreous humor of infants with ROP, have also been reported.
In addition to laser photocoagulation to stem the pathologi-
cal angiogenesis, intravitreal anti-VEGF are also being exten-
sively studied. Intravitreal anti-VEGF therapy is a relatively
new modality of treatment for ROP, especially useful in eyes
presenting with aggressive posterior ROP.20,21 Studies have
reported variable outcomes after the use of anti-VEGF in
the management of ROP, such as eyes that underwent anti-
VEGF treatment were associated with a higher likelihood
of requiring additional treatment and longer time between
treatment to retreatment or recurrence when compared with
eyes that underwent laser photoablation,22 and anti-VEGF
treatment may not decrease the risk of recurrence in zone
II ROP and retinal detachment in type 1 ROP.22–25 Owing to
the mixed response, vascularization after monotherapy with
anti-VEGF is often incomplete, prompting additional treat-
ment with other modalities.26

Owing to the variability of outcome after the use of
anti-VEGF in managing ROP and the possibility of other
proangiogenic factors that could mediate ROP, there is a
need to study the status of other proangiogenic factors in
infants with ROP. Angiogenin, soluble vascular cell adhesion
molecule (sVCAM) and fractalkine (FKN/CX3CL1) are other
potent proangiogenic factors that have been reported to be
associated with pathological angiogenesis in various ocular
diseases.27–37 It is pertinent to determine the status of these
angiogenic factors in ocular fluids and tissues. The levels
of VEGF in ocular samples, such as vitreous humor11–17

and aqueous humor,14,38 were reported to be significantly
higher in infants with ROP. There is also a need to measure
these factors using a noninvasive strategy for ease, patient
compliance, and longitudinal monitoring. Tear fluid is well-
documented to be an ideal source to identify and validate
molecular markers that have strong correlation with ocular
diseases.39 Recently, matrix metalloproteinase levels in the
tear fluid of infants with ROP have been associated with
disease progression,11 suggesting the usefulness of nonin-
vasive ocular sampling strategies in ROP studies.

Despite our understanding of ROP pathobiology, risk
stratification, and management, there are gaps that still need
to be addressed. First, molecular factors that reflects vaso-
obliteration and vasoproliferation status and its degree in
infants are yet to be ascertained in ocular samples. Further,
these molecular factors could then serve as predictive, risk,
or monitoring factors, which will aid in identifying preterm
infants who are at a much higher risk of developing ROP

(in addition to clinical risk factors). If this information is
available in the first screening visit, it will help the clini-
cian to decide the follow-up course and may potentially help
reduce the number of screening sessions. Second, molecu-
lar factors may be used to distinguish ROP that can spon-
taneously regress from that requiring active intervention.
This information will help to prognosticate and strategize
the clinical course more efficiently. Hence, the current study
aims to address these gaps by profiling for key proan-
giogenic factors, namely, VEGF, angiogenin, sVCAM, and
FKN/CX3CL1 in the tear fluid of preterm infants with and
without ROP.

METHODS

Study Cohort

This prospective, longitudinal pilot study was approved by
Narayana Nethralaya Institutional Review Board. The patient
recruitment and sample collection procedure was conducted
as per institutional ethics committee guidelines and in accor-
dance with the tenets of the Declaration of Helsinki. Writ-
ten informed consent was obtained from either the parents
or legal guardians before patient recruitment and sample
collection. The study was conducted between August 2016
and January 2017, wherein 36 consecutive Asian Indian
infants who presented to our KIDROP tele-ROP screening
service were included.5,40 Infants were enrolled in the study
based on the national screening guideline cut-offs, that is, a
birth weight (BW) of 2000 g or less and/or a gestational age
of 34 weeks or less.41 The first screening visit was performed
within 30 days of birth according to the national guidelines.
The infants were followed-up until the retina was completely
vascularized or the laser scars healed completely (Fig. 1).
The follow-up period was defined based on the national
ROP guidelines.41 All the patients had at least two follow-up
visits, with some infants reporting for three or more visits.
The final visit was either second, third, or fourth visit. The
disease status at the final visit in all the preterm infants were
either mature retina, or resolving/healing between the first
and final visits. All infants underwent photo-documentation
during each screening visit on the RetCam Shuttle (Natus,
San Carlos, CA). The staging of the disease was done accord-
ing to International Classification of Retinopathy of Prema-
turity at each visit.42 Treatment was performed on eyes that
had fulfilled the Early Treatment for Retinopathy of Prematu-
rity guidelines.43 Disease staging, categorization, follow-up,
and management were done by the same ROP specialist.

The infants were categorized based on the presence of
ROP during the first and subsequent visits. The No-ROP
group includes preterm infants who did not have ROP
during the first ophthalmic examination visit after birth and
did not develop ROP thereafter (n = 13). The No-ROP to
ROP group includes preterm infants who did not present
with ROP during the first ophthalmic examination visit after
birth, but developed ROP in any subsequent visit (n = 5).
The ROP group includes preterm infants who presented
with ROP during the first visit of the study (n = 18).
Because it was more relevant to determine the proangio-
genic factor profile variation between preterm infants who
did and did not develop ROP, the No-ROP group qualified
as an appropriate control group rather than the term infants.
This approach would yield molecular information that could
be used in stratifying preterm infants with higher risk of
developing ROP. Infants were further categorized based on
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FIGURE 1. RetCam images from preterm infants with ROP. Representative RetCam image of a right eye of a preterm infant who presented
with ROP stage 2 in the first screening visit (A) and regressed spontaneously in a follow-up visit (B). Left eye RetCam image of an infant
who had progressed to type 1 ROP (C) and was followed until the laser scars healed (D).

the evolution of the disease between initial and second visit.
Preterm infants who had presented with ROP in the first
visit and exhibited spontaneous regression to milder stages
of ROP as per International Classification of Retinopathy of
Prematurity classification or no stage of ROP at a follow-up
visit were categorized as regressing(n = 16). The progress-
ing group includes preterm infants with and without ROP
who showed progression to a higher stage of disease as
per International Classification of Retinopathy of Prematu-
rity classification in the second visit compared with first visit
(n = 7).

Tear Fluid Collection and Extraction

Tear fluid or conjunctival secretion was collected using ster-
ile Schirmer’s strips (5 × 35-mm2; Contacare Ophthalmics
and Diagnostics, Gujarat, India) during ROP screening visits.
The procedure was performed before the use of any topical
medication, including topical anesthetics and those required
for pupillary dilatation. Briefly, the strips were placed one
in each of the conjunctival fornices, simultaneously in both
eyes (Fig. 2). The strips were removed after a sufficient
amount of tear fluid (wetting of strips until the 20 mm mark
or more) was collected, and stored in a sterile microcen-
trifuge tube at –80°C. Tear fluid was extracted as previously
described.44 Briefly, Schirmer’s strips were cut them into
small pieces, agitated in 300 μL of 1x sterile PBS for 2 hours
at 4°C at 300 rpm and centrifuged to elute the tear fluid. The
eluted tear fluid was used for further processing to measure
proangiogenic factors as described elsewhere in this article.

FIGURE 2. Tear fluid collection in preterm infants. The represen-
tative image demonstrates the collection of tear fluid using sterile
Schirmer’s strips in preterm infants. The strip is placed in the lower
conjunctival fornix and the collection of tear fluid is evident based
on the wetting of Schirmer’s strips, that is, 22 mm and 19 mm in the
right eye and left eye, respectively.
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FIGURE 3. Birth weight and gestation age of preterm infants in the study cohort. The graphs indicate birth weight in grams (a) and gestational
age in weeks (b) of the study cohort at first visit. The cohort was categorized into three groups. The No-ROP group includes preterm infants
who did not have ROP during the first ophthalmic examination visit after birth and did not develop ROP thereafter (n = 13). The No-ROP to
ROP group includes preterm infants who did not present with ROP during the first ophthalmic examination visit after birth, but developed
ROP in the subsequent visit (n = 5). The ROP group includes preterm infants who presented with ROP during the first visit of the study
(n = 18). Bar graphs indicate mean ± standard deviation. **P < 0.001; ****P < 0.0001, Mann–Whitney U test.

Measurement of Proangiogenic Factors

The levels of proangiogenic factors such as VEGF, angio-
genin, sVCAM and FKN/CX3CL1 in the eluted tear fluid
were measured by multiplex ELISA – Cytometric Bead Array
(BD CBA Human Soluble Protein Flex Set System, BD
Biosciences, San Jose, CA) using a flow cytometer (BD
FACSCantoII, BD Biosciences) as previously described.44 BD
FACSDiva software (BD Biosciences) was used to acquire
the beads and record signal intensities. FCAP array Version
3.0 (BD Biosciences) was used to determine the absolute
concentration of the analytes using respective standards. The
absolute concentrations were then normalized to the wetting
length (tear fluid volume) and dilution (extraction buffer
volume) as described elsewhere in this article.44

Statistical Analysis

The distribution of the data was determined by the Shapiro–
Wilk normality test. The differences in the level of proangio-
genic factors between the groups and between visits were
statistically analyzed by either the Mann–Whitney U test or
the Wilcoxon matched-pairs signed rank test, respectively.
The Spearman rank correlation coefficient was determined
to infer the association between the proangiogenic factors
and birth weight or gestational age of preterm infants.
Receiver operating characteristic (ROC) curve analysis to
determine the area under the ROC curve (AUC), sensitivity,
specificity, and odds ratio (OR) was performed to determine
the relevance of the various factors studied to differentiate
preterm infants with and without ROP. A P value of less than
0.05 was considered to be statistically significant. Statistical
analyses were performed with either GraphPad Prism 6.0
(GraphPad Software, Inc., La Jolla, CA) or MedCalc Version
12.5 (MedCalc Software bvba, Ostend, Belgium).

RESULTS

In the current cohort, the birth weight (mean ± standard
deviation, 1325 ± 263 g) and the gestational age (30.4 ±
2.3 weeks) of preterm infants with ROP (ROP group) was
observed to be significantly lower compared with preterm
infants without ROP (No-ROP group; birth weight, 1730 ±
168 g; gestational age, 33 ± 1.1 weeks) as shown in Figures
3a and 3b. No significant difference was observed in birth
weight and gestational age between No-ROP infants and
preterm infants who did not have ROP during the first
ophthalmic examination visit after birth but developed ROP
in the subsequent visit (No-ROP to ROP; birth weight, 1680
± 168 g; gestational age, 32.4 ± 0.8 weeks) (Fig. 3). Birth
weight, but not gestational age, was observed to be signif-
icantly lower in infants in the ROP group compared with
infants in the No-ROP to ROP group (Fig. 3a).

The levels of proangiogenic factors such as VEGF, angio-
genin, sVCAM, and FKN/CX3CL1 in the tear fluid collected
during the first visit were measured. Significantly lower
levels of VEGF were observed in the No-ROP to ROP group
(66.6 ± 43.6 pg/mL) compared with the No-ROP group
(172.5 ± 54.7 pg/mL), as shown in Figure 4a. A similar
decrease, although not significant, was also observed in
the levels of angiogenin (No-ROP group, 4139 ± 3909; No-
ROP to ROP group, 2536 ± 694.7 pg/mL), sVCAM (No-ROP
group, 22743 ± 30859; No-ROP to ROP group, 6479 ± 5411
pg/mL), and FKN/CX3CL1 (No-ROP group, 917 ± 1065; No-
ROP to ROP group, 550 ± 857 pg/mL) (Figs. 4b–d). Further,
VEGF and angiogenin was significantly lower in the No-
ROP to ROP group (66.6 ± 43.6 and 2536 ± 694.7 pg/mL)
compared with the ROP group (135 ± 69.7 and 6568 ±
4975 pg/mL) (Figs. 4a–b). Lower levels of VEGF (135 ± 69.7
pg/mL; P = 0.05) as well as sVCAM (8747 ± 9940 pg/mL)
and FKN/CX3CL1 (774 ± 866 pg/mL), although not statis-
tically significant, were observed in the ROP group infants
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FIGURE 4. Proangiogenic factors level in the tear fluid of preterm infants with and without ROP. The graphs indicate the concentration of
VEGF (a), angiogenin (b), sVCAM (c), and FKN/CX3CL1 (d) in the tear fluid of preterm infants at first visit. The cohort was categorized
into three groups, namely, No-ROP (n = 13), No-ROP to ROP (n = 5) and ROP (n = 18). Bar graphs indicate mean ± standard deviation.
*P < 0.05, **P < 0.01, Mann–Whitney U test.

compared with the No-ROP group infants (Figs. 4a, c, d). In
contrast, angiogenin was observed to be higher (P = 0.09)
in the ROP group infants compared with the No-ROP group
infants (Fig. 4b).

Proangiogenic factors during the first visit were observed
to be low, albeit statistically insignificant, in stage 1 infants
with ROP compared with the No-ROP group infants and
other stages of the ROP group infants (Fig. 5). Interestingly,
the VEGF level was observed to be significantly lower in
the infants with stage 3 ROP (130 ± 64 pg/mL) compared
with the infants without ROP (Fig. 5a). It is important and
novel in ROP to observe that the angiogenin level was signif-
icantly higher in infants with stage 3 ROP (9406 ± 5587
pg/mL) compared with infants without ROP (Fig. 5b). A
stage-dependent increase in the angiogenin level was also
observed in the infants with ROP (Fig. 5b). A correlation
analysis was performed to study the association between the
proangiogenic factors level and birth weight (BW) or gesta-

tional age (GA) at the first visit. The angiogenin level was
observed to be negatively associated with both BW and GA
in infants with ROP but not in infants without ROP (Figs. 6
and 7). FKN/CX3CL1 exhibited a negative relationship with
BW in infants with ROP (Fig. 6).

To further elucidate the relevance of proangiogenic levels
in ROP pathobiology and its risk stratification, the ratio
between proangiogenic factors measured and BW or GA for
each preterm infant in the study cohort was determined.
The angiogenin/birth weight ratio (5.4 ± 4.5; P < 0.01)
and angiogenin/gestational age ratio (224 ± 181; P = 0.06)
was observed to be higher in infants with ROP compared
with infants without ROP (2.3 ± 2; 125 ± 118) (Figs. 8b
and f). The angiogenin/VEGF ratio was observed to signif-
icantly higher in infants with ROP (56 ± 30) compared
with infants without ROP (23 ± 20) (Fig. 9a). Further, the
ratio of BW or GA to angiogenin/VEGF ratio was found to
significantly lower in the ROP group (52.6 ± 77; 1.1 ± 1.6)
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FIGURE 5. Proangiogenic factors level in the tear fluid of preterm infants with different stages of ROP. The graphs indicate the concentration
of VEGF (a), angiogenin (b), sVCAM (c), and FKN/CX3CL1 (d) in the tear fluid of preterm infants at first visit. Infants with ROP were
subcategorized as stage 1 (n = 3), stage 2 (n = 6), and stage 3 (n = 9) as per International Classification of Retinopathy of Prematurity
classification. No-ROP (n = 13). Bar graphs indicate mean ± standard deviation. *P < 0.05, Mann–Whitney U test.

compared with the No-ROP group (142 ± 105; 2.8 ±
2.2) (Figs. 9b, c). ROC curve analysis was performed to
determine the AUC that would suggest the clinical rele-
vance of these ratios as possible biomarker to differen-
tiate preterm infants with and without ROP. The optimal
cut-off criterion that maximizes the sensitivity and speci-
ficity that was used for OR calculation was determined
using ROC curve analysis. The largest area under the curve
(AUC = 0.833; P < 0.001) was observed for the birth
weight/(angiogenin/VEGF) ratio (Fig. 10d). The cut-off value
of 29 or less for the birth weight/(angiogenin/VEGF) ratio
determined using the Youden index criterion in the ROC
curve analysis showed 72.2% sensitivity, 92.3% specificity,
and an OR of 31 (95% confidence interval [CI], 3.2–306.8;
P = 0.0032), as shown in Figure 10i. The angiogenin/birth
weight ratio exhibited an AUC of 0.776 (P = 0.002) and a
cut-off value of greater than 3 with 72.2% sensitivity, 76.9%
specificity, and an OR of 8.6 (95% CI 1.6–45.2; P = 0.010),
as shown in Figures 10a and f. The AUC for the angio-

genin/gestational age ratio was 0.706 (P = 0.042) and a cut-
off value of greater than 87 with 76.5% sensitivity, 61.5%
specificity, and an OR of 7.3 (95% CI, 1.4–37.1; P = 0.016)
as seen in Figures 10b and g. The angiogenin/VEGF ratio
demonstrated an AUCof 0.806 (P < 0.001) and a cut-off
value of greater than 41 with 72.2% sensitivity, 84.6% speci-
ficity, and an OR of 14.3 (95% CI, 2.3–88.7; P = 0.0043)
as presented in Figures 10c and h. Finally, the gestational
age/(angiogenin/VEGF) ratio recorded an AUCof 0.808 (P
< 0.001) and a cut-off value of 0.7 or less with 70.6% sensi-
tivity, 84.6% specificity, and an OR of 13.2 (95% CI, 2.1–82.5;
P = 0.0058), as shown in Figures 10e and j.

Based on the second follow-up visit, preterm infants
were categorized as progressing and regressing based on
the stage of ROP during first and second visit. The levels
of VEGF and angiogenin at first visit were observed to be
significantly lower in infant group that showed progres-
sion (60 ± 38; 2919 ± 1467 pg/mL) compared with the
infant group that exhibited regression (146 ± 65; 6905
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FIGURE 6. Association between tear fluid proangiogenic factors level and birth weight of preterm infants with and without ROP. The scatter
diagram with regression line and 95% CI range indicates the correlation between tear fluid VEGF or angiogenin or sVCAM or FKN/CX3CL1
levels and BW in infants without ROP (top) and infants with ROP (bottom). r, Spearman rank correlation coefficient. P < 0.05 is statistically
significant. No-ROP (n = 13); ROP (n = 18).

FIGURE 7. Association between tear fluid proangiogenic factors level and gestational age of preterm infants with and without ROP. The scatter
diagram with regression line and 95% CI range indicates the correlation between tear fluid VEGF or angiogenin or sVCAM or FKN/CX3CL1
levels and GA in infants without ROP (top) and infants with ROP (bottom). r, Spearman rank correlation coefficient. P < 0.05 is statistically
significant. No-ROP (n = 13); ROP (n = 18).

± 5139 pg/mL), as shown in Figures 11a and b. Further,
follow-up visits confirmed that all the infants with ROP at the

final visit recorded for the study exhibited either resolved,
resolving toward a mature retina, or healing since the first



Status of Tear Fluid Angiogenic Factors in ROP IOVS | March 2021 | Vol. 62 | No. 3 | Article 2 | 8

FIGURE 8. Relationship between tear fluid proangiogenic factors level and birth weight or gestational age of preterm infants with and
without ROP. The graphs indicate the ratio of proangiogenic factor levels and birth weight or gestational age at first visit in preterm infants.
Bar graphs indicate mean ratios of VEGF/birth weight (a), Angiogenin/birth weight (b), sVCAM/birth weight (c), FKN/birth weight (d),
VEGF/gestational age (e), Angiogenin/gestational age (f), sVCAM/gestational age (g) and FKN/gestational age (h). Bar graphs indicate mean
± standard deviation. **P < 0.01, Mann–Whitney test. No-ROP (n = 13); ROP (n = 18).

FIGURE 9. Relationship between tear fluid Angiogenin/VEGF ratio and BW or GA of preterm infants with and without ROP. The graphs
indicate the ratio of angiogenin and VEGF levels (ANG/VEGF), and birth weight or gestational age at first visit in preterm infants. Bar graphs
indicate mean ratios of Angiogenin/VEGF (a), birth weight/(ANG/VEGF) (b) and gestational age/(ANG/VEGF). Bar graphs indicate mean ±
standard deviation. **P < 0.01, Mann-Whitney test. No-ROP (n = 13); ROP (n = 18). ANG, angiogenin.

visit. It is important to reiterate that the final visit as shown
in Figure 12 includes infants exhibiting normal retina to
resolving stages of ROP and does not the indicate the highest
untreated disease stage. The levels of VEGF (P = 0.09) and
angiogenin (P < 0.001) in the final visit (156 ± 109; 10,346

± 7465 pg/mL) were observed to be higher compared with
first visit (120 ± 70; 5692 ± 4702 pg/mL) in the ROP group
(Figs. 12a and b). Interestingly, higher level of angiogenin
was observed in the ROP (10,346 ± 7465 pg/mL) group
compared with the No-ROP group (7882 ± 9049 pg/mL)
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FIGURE 10. Diagnostic relevance of angiogenin and VEGF levels along with BW or GA in ROP. Graphs indicate ROC curve and OR analyses
of angiogenin and VEGF levels along with BW or GA to differentiate preterm infants with and without ROP. ROC curves along with the AUC
for angiogenin/birth weight (a), angiogenin/gestational age (b), angiogenin/VEGF (c), birth weight/(angiogenin/VEGF) (d), and gestational
age/(angiogenin/VEGF) (b) are shown. The OR based on the optimal cut-off (indicated in the y-axis) determined by ROC analysis for
angiogenin/birth weight (f), angiogenin/gestational age (g), angiogenin/VEGF (h), birth weight/(angiogenin/VEGF) (i), and gestational
age/(angiogenin/VEGF) (j) are also shown. All OR graphs exhibited are statistically significant. No-ROP (n = 13); ROP (n = 18).

in the final visit samples (P = 0.07) (Fig. 12b). Increased
angiogenin was also observed in the final visit (7882 ± 9049
pg/mL) compared with the first visit (4139 ± 3909 pg/mL) in
the No-ROP group (P = 0.05) as well (Fig. 12b). In contrast,
the levels of sVCAM in the final visit (12,561 ± 16,390; 4157
± 6438 pg/mL) were significantly lower compared with first
visit (22,743 ± 30,859; 8254 ± 9088 pg/mL) in both the No-
ROP and the ROP groups (Fig. 12c). The findings from this
study demonstrate the relevance of angiogenin and VEGF in
ROP development, resolution, and maturing retina.

DISCUSSION

A vast majority of the studies that investigated the status of
proangiogenic factors in ocular tissues and fluids of ROP
have been on advanced ROP that accurately reflected the
proliferative phase of ROP. These findings have been a result
of a more invasive collection of intraocular samples, such as
the vitreous humor during surgery. However, the relevance
of proangiogenic factors in ocular samples of infants with
ROP, particularly those during the vaso-obliterative stages
and in resolving stages of the disease, have been underex-
plored. This factor was primarily due to the unavailability of
ocular samples. With the evolution of tear fluid as a reliable
source in studying vascular conditions of the eye,39 this lacu-
nae has been addressed in the current study. Observation
from the current study provide molecular evidence of post-
natal vaso-obliteration process in preterm infants who devel-
oped ROP. We observed a decrease in tear fluid VEGF levels
in preterm infants with ROP at first visit and in those who did
not present with ROP at first screening but developed ROP in
the subsequent visit, compared with preterm infants who did
not develop ROP. The current observation is in concordance
with the findings reported in animals exposed to oxygen-
induced retinopathy, to model ROP.45–47 Previously, studies
have reported decreased serum VEGF or urine VEGF levels
in infants that developed ROP and required active interven-
tion.48–50 Similarly, levels of serum BDNF and RANTES were

reported to be lower in infants who developed proliferative
ROP compared with infants who did not develop ROP.51

However, the mechanistic contribution of these factors to
pathological angiogenesis in ROP is yet to be explored.

The current study also reports lower levels of VEGF in
infants with ROP during progression of the disease and an
increase in the levels of VEGF during resolution phase, indi-
cating the need and self-regulation of angiogenic factors
during physiological maturation of retinal vasculature in
preterm infants. This finding is also in line with another
study that reported no difference in the serum VEGF level
between preterm infants without ROP and those with self-
resolving ROP.48 Further, the study also showed that the
levels of serum VEGF increased over a month in preterm
infants with self-resolving ROP, whereas the serum VEGF
levels reduced in those preterm infants with ROP that
required active intervention,48 supporting the observation
made in the current study with tear fluid VEGF levels.

Angiogenin was the first angiogenic factor to be isolated
that was found to induce angiogenesis.52–55 The angiogenic
potency of angiogenin was greater than that for other angio-
genic factors, such as VEGF, and they require angiogenin
for their angiogenic activity.52,54,56 The angiogenic activity
of angiogenin is due to its ribonuclease activity, nuclear
translocation, signal transduction, and ability to degrade
basement membrane.57,58 More recently, the angiogenic role
of angiogenin was reported to be mediated by its inter-
action with cell surface receptors such as plexin-B2 and
epidermal growth factor receptor.59–61 Angiogenin is also
reported to regulate number of physiological process includ-
ing survival, proliferation, migration, invasion, and differ-
entiation of cells.62–66 Angiogenin is being considered as a
biomarker for cancers and cardiovascular diseases.67 Intraoc-
ular angiogenin levels were observed to be increased in
AMD, diabetic retinopathy, polypoidal choroidal vasculopa-
thy, and Coat’s disease with retinal vascular abnormali-
ties.27–30 The status of angiogenin in infants with ROP in
the current study is being reported for the first time and its
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FIGURE 11. Proangiogenic factors level in the tear fluid of infants with ROP with different types of disease evolution. The graphs indicate
the concentration of VEGF (a), angiogenin (b), sVCAM (c), and FKN/CX3CL1 (d) in the tear fluid of preterm infants at the first visit. Infants
with ROP were categorized into two groups. The progressing group includes preterm infants who showed progression to a higher stage
of disease as per the International Classification of Retinopathy of Prematurity classification in the second visit compared with the stage at
first visit (n = 7). The regressing group includes preterm infants who showed resolution to a lower stage of disease as per the International
Classification of Retinopathy of Prematurity classification in the second visit compared with the stage at first visit (n = 16). Bar graphs
indicate mean ± standard deviation. *P < 0.05, ***P < 0.001, Mann–Whitney U test.

increase in ROP observed here is supported by its increase
in an oxygen-induced retinopathy model.68 Despite a
positive association or positive regulatory relationship of
angiogenin with VEGF and HIF1 alpha,69–71 a local imbal-
ance between these two proangiogenic factors, that is, VEGF
and angiogenin, has been reported in diabetic retinopa-
thy.72,73 These studies have shown higher levels of intraocu-
lar VEGF, but lower levels of angiogenin in patients with
diabetic retinopathy compared with controls.72,73 In the
current study, we have observed a similar phenomenon in
infants with ROP, although with an increase in angiogenin
and a decrease in VEGF.

sVCAM, is another potent proangiogenic factor and have
been implicated in pathological angiogenesis,74–76 including
neovascular AMD and proliferative diabetic retinopathy.31–35

However, it was interesting to note that levels of sVCAM was

lower in infants with ROP compared with infants without
ROP. It was also observed to be significantly lower in infants
who had developed full vascularization when compared
with when they had ROP.

FKN/CX3CL1 is a chemokine with potent proangiogenic
properties and has been associated with pathological angio-
genesis both in nonocular77–79 and ocular diseases, such as
the proliferative form of diabetic retinopathy and retinal vein
occlusion.36,37 It has been shown to mediate angiogenesis in
oxygen-induced retinopathy model as well.36 Nonetheless,
no significant differences in its levels were observed in our
patient cohort. These findings, along with another report,80

suggest the need to further elucidate the role of VEGF and
other proangiogenic factors and compensatory mechanisms
underlying pathological angiogenesis in different forms of
ROP.
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FIGURE 12. Proangiogenic factors level in the tear fluid at first and final visits of preterm infants with and without ROP. The graphs indicate
the concentration of VEGF (a), angiogenin (b), sVCAM (c), and FKN/CX3CL1 (d) in the tear fluid of preterm infants at first visit and final
visit recorded in the study. The final visit was either the second, third, or fourth visit. The disease status at the final visit in all the preterm
infants were either mature retina or resolving/healing between the first and final visits. Wilcoxon matched-pairs signed rank test was used
to analyze the statistical significance between matched first and final visit sample in both the groups. The Mann–Whitney U test was used
to analyze the statistical significance between the No-ROP and ROP groups. Bar graphs indicate mean ± standard deviation. *P < 0.05,
**P < 0.01, ***P < 0.001, Mann–Whitney U test, Wilcoxon matched-pairs signed rank test. No-ROP first (n = 13), No-ROP final (n = 1 3),
ROP first (n = 23), ROP final (n = 23).

It remains essential to predict and categorize preterm
infants with the risk of developing ROP and infants with
ROP with the risk of undesirable prognosis to provide
early intervention and systemic factors modification as
proposed6,7,81 to mitigate disease development and progres-
sion. An interesting study reported a dose-specific decrease
in the risk of ROP when treated early with recombinant
human erythropoietin.82 Such strategies would decrease the
dependence on anti-VEGF in infants which is reported to
have varying efficacy in the management of ROP24,25 and
also decreases serum VEGF83 in a developing infant with
unknown long-term consequences. Such screening, stratifi-
cation, and early interventions in preterm and infants with
ROP will yield benefits, especially those in remote areas
with no access to tertiary care support. A noninvasive, tear-
based, easy to perform molecular biomarkers test is one
way to address this unmet need. In addition to the known
risk factors such as BW, GA, and SpO2 status, molecular
biomarkers would refine the risk stratification process based

on the individual infant’s response status. This information
would particularly be useful in identifying preterm infants
at risk when they fall outside the ROP screening criteria but
develop ROP.84

The current study has demonstrated the capability of
noninvasive molecular biomarker to differentiate preterm
infants with and without ROP as a proof of concept. We
demonstrate the usefulness of angiogenin levels adjusted to
individual infant’s BW or GA as a biomarker for ROP. In
addition, the ratio between angiogenin and VEGF showed
increased OR compared with angiogenin/BW and angio-
genin/GA in the study. Further, factoring BW along with
angiogenin/VEGF ratio demonstrated improved specificity
and sensitivity in differentiation between preterm infants
with ROP and preterm infants without ROP with an OR
of 31 and AUC of 0.833. These findings suggest the
diagnostic usefulness of the ratios based on tear fluid
proangiogenic factors and clinical parameters during ROP
screening in preterm infants. The key limitation in the
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current pilot study is the limited number of patients,
particularly in the No-ROP to ROP category. Despite this
limitation, the study establishes the relevance and usefulness
of tear fluid-based molecular biomarkers along with physio-
logical parameters in the screening of preterm infants at risk
of ROP. It would be necessary for more such studies using
noninvasive ocular samples along with additional proangio-
genic factors to be conducted across multiple centers, ethnic-
ities, and screening platforms to validate the reliability of
molecular biomarkers in ROP prediction and risk stratifi-
cation. Furthermore, the identification of novel molecular
factors that contribute to ROP pathogenesis could aid in
the development of strategies to modulate them, which can
improve ROP prognosis and prevent blindness in preterm
infants.
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