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tor beta-1 (TGF-B1) expression in aqueous humor and serum of retinoblastoma (RB) in
comparison to the conventional RB marker lactate dehydrogenase (LDH) and to elucidate
a possible correlation between them and the clinicopathological features of the disease.
METHODS This prospective, comparative study included 88 newly diagnosed children with RB and 80

age-matched controls with ophthalmic conditions other than tumors prepared for intraoc-
ular surgeries. Concentrations of survivin, TGF-B1, and LDH were measured in serum
and aqueous humor before and 6 months after completion of therapy.
RESULTS High serum and aqueous humor concentrations of the three proteins were detected in RB

patients before treatment compared to the control group (P \ 0.01), with a significant
reduction of serum concentrations after treatment (P\ 0.01). For the highest sensitivity
and specificity, the optimal cutoff values of serum and aqueous survivin were 12.9 pg/ml
and 25.2 pg/mg, with a significant positive correlation between aqueous survivin and RB
staging and presence of optic nerve infiltration (r 5 0.43, P 5 0.04); the best cutoff values
of serum and aqueous TGF-B1, 370.7 pg/ml and 39.8 pg/mg, with a significant positive
correlation between aqueous TGF-B1 and poor differentiation of the tumor (r 5 0.69,
P 5 0.001).
CONCLUSIONS The high sensitivity, specificity, and accuracy of serum and aqueous humor survivin and

TGF-B1 proteins make them promising markers for early detection and follow-up of
RB patients. ( J AAPOS 2016;20:444.e1-444.e9)
R
etinoblastoma (RB) is the most common intraoc-
ular cancer of childhood, with approximately 4%
of all pediatric malignancies.1,2 Early diagnosis

and recent advances in the management of RB improved
the prognosis of this fatal disease.3 Nevertheless, RB re-
mains in some particular cases difficult to diagnose,4 and
there are still tumors that prove resistant to the adminis-
tered chemotherapeutic agents.5

The diagnostic significance of several tumor markers in
body fluids has been thoroughly investigated. An increase
in the lactate dehydrogenase (LDH) activity in the aqueous
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humor of RB patients was first demonstrated by Dias and
colleagues.6 Since then, other studies have confirmed these
findings.7-10 An increased LDH activity has also been
reported in other nonmalignant conditions associated
with intraocular cell necrosis.11

Survivin is a bifunctional inhibitor of apoptosis protein
(IAP) that has been implicated in regulation of mitosis
and protection from apoptosis.12 Elevated survivin levels
are found in most human neoplasms,13 and it is used as
a prognostic factor in several human neoplasms.13,14

Because its expression is among the most tumor-
specific of all gene products, there is great interest in
this protein. Manipulation of survivin regulation and
expression may also lead to the development of new
immunotherapy and gene therapy strategies for the treat-
ment of cancer.15

Transforming growth factor beta (TGF-B) is the proto-
type for a family of multifunctional secreted peptides that
controls proliferation, cellular differentiation, apoptosis,
and other functions in most cells.16 TGF-B1 is overex-
pressed in many tumors and thought to be related to tumor
transformation and progression.17 The first report of
a functional union between survivin and TGF-B1 in
Journal of AAPOS
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preneoplastic and differentiated prostate carcinoma cell
was published by Yang and colleagues.18

The aim of the present study was to evaluate the diag-
nostic and prognostic value of survivin and TGF-B1
expression in serum and aqueous humor of RB patients
in comparison to the conventional RB marker LDH in
terms of sensitivity, specificity, and accuracy and to eluci-
date the possible correlation between them and the clinico-
pathological features of the disease.

Subjects and Methods

Study Population

This prospective, comparative case–control study was carried out

at the Ophthalmology and the Medical Biochemistry Depart-

ments at Ain Shams University from March 2008 to November

2014. The study population comprised 88 children newly diag-

nosed with RB in whom enucleation was indicated at time of diag-

nosis in at least one eye and with no history of prior treatment and

80 age-matched controls with ophthalmic conditions other than

tumors who prepared for intraocular surgeries. The parents of

study participants provided informed consent. This study adhered

to the tenets of the Declaration of Helsinki and was approved by

the Research Ethical Committee at Faculty of Medicine, Ain

Shams University.

A thorough history was taken for all children, and all children

received a complete ophthalmological examination under general

anesthesia with full pupillary dilatation. Fundus examination was

performed for the RB group using the indirect ophthalmoscope

with scleral indentation. Fundus photographs were acquired us-

ing the Genesis D (Kowa Medicals, Japan) to document clinical

findings. Staging was recorded according to the international

intraocular classification of RB.19 Ultrasonography was per-

formed to determine tumor dimensions and to confirm the pres-

ence of intraocular calcification. Computed tomography of the

orbits and brain was performed to detect intracranial extension

and trilateral retinoblastoma. Magnetic resonance imaging was

not obtained routinely but was used in cases with no visualization

of the optic nerve head during clinical examination.

RB children received one or a combination of the following

treatment modalities: chemoreduction with focal consolidation

therapies (cryotherapy, laser thermotherapy, and brachytherapy),

external beam radiotherapy, and/or enucleation.

Histopathological analysis of the enucleated eyes was per-

formed. Ophthalmological follow-up of children to detect tumor

regression and presence of resistance to treatment in the fellow

eye of bilateral cases was performed every month during therapy,

every 3 months during the first year after completion of therapy,

then at longer intervals according to the tumor control.

Sample Collection and Storage

Venous blood samples (2 mL) were collected using disposable sy-

ringes from 88 RB children at the time of enucleation, and

another sample was taken 6 months after completion of therapy

(follow-up group). In addition, sera from 80 age-matched chil-

dren were collected in the same fashion and used as a control at

the time of analysis. Sera were obtained after centrifugation of
Journal of AAPOS
clotted blood samples. Samples had been divided into aliquots

and stored at �20� C until laboratory analysis.

Aqueous humor samples (100–150 mL) were obtained from

children in both groups under complete aseptic conditions in

the operating theater. All children had general anesthesia. In

the RB patients who underwent enucleation, transection of optic

nerve was performed first, then the aqueous samples were

collected immediately after the globe was completely removed

and taken away from the surgical field to avoid risk of dissemina-

tion. Anterior chamber paracentesis was performed using 27-

gauge disposable syringes with aspiration of aqueous humor using

the same syringe. In the control group samples were taken at the

start of the surgical procedure through one paracentesis and

before instillation of any fluids or viscoelastic materials inside

the eye. Aspiration was performed using a 20-gauge aspiration

cannula attached to the disposable syringe. Samples were then

divided into aliquots and stored at �20�C until laboratory anal-

ysis. Care was taken to avoid samples contamination with blood.

Assay Procedures

Survivin concentration was measured in serum and aqueous hu-

mor samples using an enzyme-linked immunosorbent assay

(ELISA) kit from Quantikine Human Survivin Immunoassay (R

and D Systems Inc, Minneapolis, MN).20 TGF-B1 concentration

was also measured in serum and aqueous humor samples using

enzyme-linked immunosorbent assay (ELISA) kit (TGF-B1

ELISA kit; DRG, Springfield, NJ).21 Determination of LDH in

serum and aqueous humor samples was carried out by the color-

imetric LDHkit (SPINREACT;Centra, Santa Coloma, Spain).22

Total protein concentrations in aqueous humor samples were

determined according to Bradford assay.23

Statistical Analysis

Data were analyzed using SPSS 13 software (SPSS Inc, Chicago,

IL). Continuous variables are expressed as mean and standard de-

viation. Description of qualitative variables was in the form of

numbers and percentages. The c2 test and the Fisher exact test

were used to compare between qualitative data. The t test was

used to compare the results between two groups. The level of sig-

nificance was set at P # 0.05. One-way analysis of variance (AN-

OVA) was used to test the significance between more than two

groups. Pearson’s correlation coefficient (r) was performed to

test the correlation between the different variables. The best cut-

off value that maximizes sensitivity and specificity and differenti-

ates RB patients from controls was calculated by using the

receiver operating characteristic (ROC) curve.

Results

The study included 88 children with newly diagnosed RB
(48 females [55%]). The mean age at presentation was
17.73� 13.3 months (range, 2.0-60.0). The mean duration
of follow up was 58.1 � 8.93 months (range, 38.0-71.0).
Unilateral RB was the diagnosis in 40 patients (46%); bilat-
eral RB, in 48 (55%). Leucocoria was the presenting sign in
73 patients (83%); strabismus, in 8 (9%); secondary buph-
talmos, in 4 patients (5%); and malignant hypopyon with



Table 1. Mean aqueous humor and serum concentrations of survivin, TGF-B1, and LDH in the RB and control groups before and after treatment

Variable

Mean � SD (range)

Control group (n 5 80) Retinoblastoma group (n 5 88) Follow-up group (n 5 68)

Aqueous surviving,a pg/mg protein 20.2 � 7.7 (6.5-38.0) 31.84 � 12.00 (17.63- 52.70) —
Serum surviving,b pg/mL 11.72 � 1.7 (9.38-16.7) 24.05 � 9.97 (2.8- 44.39) 17.2 � 3.92c (12.93- 25.97)
Aqueous TGF-B1, pg/mg protein 23.07 � 11.49 (11.22-52.14) 90.79 � 36.28 (40.54-166.86) —
Serum TGF-B1, pg/mL 322.18 � 92.9 (186.3-518.42) 429.85 � 60.31 (324.32- 526.46) 370.3 � 66.2d (292.12- 477.5)
Aqueous LDH, U/L 62.18 � 41.64 (19.38-181.25) 591.34 � 222.2 (325.25-1270) —
Serum LDH, U/L 162.12 � 35.63 (108.35-19.90) 371.06 � 124.77 (170.7-653.8) 209.95 � 70.78e (109.6-354.55)

SD, standard deviation.
aMean aqueous humor concentrations of survivin, TGF-B1, and LDH in RB group were significantly higher compared to control group (P\ 0.01).
bMean serum concentrations of survivin, TGF-B1, and LDH in the three groups were significantly higher in malignant and follow-up groups
compared to control group and mean serum concentrations were reduced significantly after treatment (P\ 0.01).
cP\ 0.01.
dP\ 0.01.
eP 5 0.02 (one-way ANOVA test).
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proptosis, in 3 patients (3%). Positive family history was re-
ported in 16 patients (18%); first degree consanguinity, in
12 patients (14%).

The staging of RB cases, according to the international
intraocular classification of RB,19 was as follows in unilat-
eral cases (n5 40): groupD, 11 eyes (28%) and group E, 29
eyes (73%). The more advanced eyes in bilateral cases
(n 5 48) were staged as follows: group D, 2 eyes (4%);
group E, 46 eyes (96%). The staging of the less advanced
eyes in bilateral cases was as follows: group A, 16 eyes
(33%); group B, 23 eyes (48%); group C, 9 eyes (19%).

Enucleation was performed for all eyes of unilateral cases
and for the more advanced eye in bilateral RB; the total
number of enucleated eyes was 88. The less advanced
eyes in bilateral cases were treated by transpupillary ther-
motherapy in 8 eyes (17%), systemic chemotherapy com-
bined with focal laser therapy in 32 eyes (67%), and
systemic chemotherapy and focal laser therapy followed
by external beam radiotherapy in 8 eyes (17%).

Histopathological examination of the enucleated eyes
was performed and revealed the following: poorly differen-
tiated tumor in 36 eyes (41%) and well differentiated tumor
in 52 eyes (59%). Postlaminar optic nerve infiltration not
involving the surgical margin was observed in 8 eyes
(9%). Choroidal or scleral infiltration was not detected in
specimens.

The control group consisted of 80 patients (44 males
[55%]) of mean age 18.6 � 13.2 months (range, 1.0-
60.0). The indications for intraocular surgery were
congenital cataract in 48 patients (60%), secondary intra-
ocular lens implantation in 20 patients (25%), and congen-
ital glaucoma in 12 patients (15%).

The third group was the follow-up group, which
included 68 cases from the first group (44 males [65%]).
These children were followed for at least 6 months
after completion of therapy. The mean age was
28.7 � 17.7 months (range, 10-72 months). There was no
statistically significant difference between the study and
control group as regards mean age and sex distribution
(P 5 0.85 and 0.63, resp.).
The mean aqueous humor concentrations of survivin,
TGF-B1, and LDH in RB group were significantly higher
than those of the control group. Mean serum and aqueous
humor concentrations of survivin, TGF-B1, and LDH in
the RB group before and after treatment were significantly
higher than the corresponding values in the control group.
Mean serum concentrations of survivin, TGF-B1, and
LDH were statistically significantly higher in the malig-
nant and follow-up groups compared to control group.
Mean serum concentration of the three proteins were
reduced after treatment (Table 1).

With regard to the ROC curve and cutoff value of
aqueous survivin, the area under the curve of survivin level
of 0.79 and P value of 0.001 are shown in Figure 1. The best
cutoff value of aqueous humor survival, yielding the high-
est sensitivity and specificity, was 25.2 pg/mg proteins. The
area under the ROC curve of serum survivin level of 0.93
and P value of \0.0001 are shown in Figure 1. The best
cutoff value of serum surviving was 12.9 pg/mL.

The area under the ROC curve of aqueous TGF-B1 level
of 0.99 and P value of 0.0001 are shown in Figure 2. The best
cutoff value of aqueous humorTGF-B1was 39.8 pg/mgpro-
teins. The area under the ROC curve of serum TGF-B1
(0.82) and P value of 0.001 are shown in Figure 2. The
best cutoff value of serum TGF-B1 was 370.76 pg/mL.

The area under the ROC curve of aqueous humor LDH
level (0.96) and P value of\0.0001 are shown in Figure 3.
The best cutoff value of aqueous humor LDH which gave
the highest sensitivity and specificity was 355.9 U/L. The
area under the ROC curve of serum LDH (1.0) and
(P\0.0001) are shown in (Figure 3). The best cutoff value
of serum LDHwhich gave the highest sensitivity and spec-
ificity was 235.54 U/L.

Diagnostic performance of aqueous humor and serum
concentrations of survivin, TGF-B1, and LDH in RB pa-
tients and the control group was demonstrated in (Table 2).

The percentage of patients with survivin, TGF-B1, and
LDH concentrations above the cutoff value were statisti-
cally significantly higher (P # 0.001) in RB group before
treatment than in the other groups (Table 3).
Journal of AAPOS



FIG 2. ROC curve showing the diagnostic performance of serum and
aqueous humor TGF-B1. The arrows indicate a cutoff value of 370.76
pg/mL of serum TGF-B1, which yielded a sensitivity of 75% and spec-
ificity of 80%, and a cutoff value of 39.8 pg/mg proteins of aqueous
humor TGF-B1, which yielded a sensitivity of 100% and specificity
of 90%.

FIG 3. ROC curve showing the diagnostic performance of serum and
aqueous humor lactate dehydrogenase (LDH). The arrows indicate a
cutoff value of 235.54 U/L of serum LDH, which yielded a sensitivity
of 88% and specificity of 100%, and a cutoff value of 355.9 U/L of
aqueous humor LDH, which yielded a sensitivity of 85% and specificity
of 100%.

FIG 1. Receiver operating characteristic (ROC) curve showing the
diagnostic performance of serum and aqueous humor survivin. The ar-
rows indicate a cutoff value of 12.9 pg/mL of serum survivin, which
yielded a sensitivity of 96.5% and specificity of 90%, and a cutoff value
of 25.2 pg/mg proteins of aqueous humor survivin, which yielded a
sensitivity of 62% and specificity of 100%.
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Comparison was done with regards to mean concentra-
tions of the three proteins according to different clinico-
pathological features of the disease (Tables 4-6). A
statistically significant higher concentration of aqueous
Journal of AAPOS
survivin in the more advanced stage of RB and in
cases with optic nerve infiltration (P 5 0.04 and 0.0002,
resp.) and a statistically significant higher concentration
of aqueous TGF- B1 in undifferentiated tumors
(P 5 0.0006) were found.

Correlation between mean concentrations of serum and
aqueous humor survivin, TGF- B1 and LDH and the clin-
icopathological features of the disease. A moderate positive
significant correlation between mean aqueous humor con-
centration of TGF-B1 protein and poorly differentiated
tumors (r 5 0.69, P 5 0.001) was found and also between
mean aqueous humor concentration of survivin protein
and staging of the disease and the presence of optic nerve
infiltration (r 5 0.43, P 5 0.04).
Discussion

Despite extensive research efforts, the mortality rate asso-
ciated with RB remains around 70%, especially in lower-
income countries.24 These poor outcomes are, in part,
due to delayed tumor detection and lack of effective thera-
pies targeting late-stage disease.25 Also, the diagnosis of
pseudo-retinoblastoma lesions is essential for proper man-
agement and to avoid unnecessary chemotherapy or
enucleation.26 Thus, a timely and accurate diagnosis is
required for earlier treatment, which may increase the
cure and survival rates,27 and detecting tumor-associated
antigens in serum or body fluids for the purposes of diag-
nosis and follow-up continues to be an important avenue
of investigation.28



Table 2. Diagnostic performance of aqueous humor and serum concentrations of survivin, TGF-B1, and LDH in RB patients and the control
group

Variable (cutoff values) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Aqueous survivin (25.2 pg/mg protein) 62 100 100 46 77
Serum surviving (12.9 pg/mL) 96.5 90 93 94.7 93.7
Aqueous TGF-B1 (39.8 pg/mg protein) 100 90 93 100 96
Serum TGF-B1 (370.76 pg/mL) 75 80 84 69.5 77
Aqueous LDH (355.9 U/L) 85 100 100 83 91
Serum LDH (235.54 U/L) 88 100 100 87 93.3

NPV, negative predictive value; PPV, positive predictive value.

Table 3. Percentage of patients with serum and aqueous humor concentrations of survivin, TGF-B1, and LDH proteins above the cutoff values in
the different groups

Variable (cutoff values)

Group, no. (%)

P valueControl (n 5 80) RB (n 5 88) Follow-up (n 5 68)

Aqueous survivin (25.2 pg/mg protein) 0 57 (64.7) — #0.001a

Serum survivin (12.9 pg/mL) 8 (10) 85 (96.5) 60 (88)
Aqueous TGF-B1 (39.8 pg/mg protein) 8 (11) 80 (100) —
Serum TGF-B1 (370.76 pg/mL) 16 (20) 66 (75) 36 (53)
Aqueous LDH (355.9 U/L) 0 67 (88) —
Serum LDH (235.54 U/L) 0 72 (82) 4 (5.8)

RB, retinoblastoma.
aPercentage of patients with serum and aqueous humor concentrations of survivin, TGF-B1 and LDH proteins above the cutoff values in RB and
follow up groups was statistically higher in the RB and follow up groups compared to control group.

Table 4. Mean aqueous humor and serum concentrations of survivin protein in RB group correlated with the different clinicopathological factors

Variable (n)
Aqueous survivin (pg/mg protein),

mean � SD P value
Serum survivin (pg/mL),

mean � SD P value

Age, months
1-24 (52) 33.92 � 11.18 0.60 22.07 � 10.64 0.85
25-48 months (12) 36.20 � 11.20 23.34 � 9.11
.48 months (24) 29.70 � 12.87 25.03 � 10.61

Sex
Male (40) 33.17 � 13.05 0.25 24.02 � 10.22 0.65
Female (48) 29.92 � 9.87 24.09 � 10.20

Family history
Positive (16) 28.97 � 13.86 0.60 22.55 � 10.38 0.72
Negative (72) 32.68 � 11.73 24.49 � 10.13

Tumor laterality
Unilateral (40) 29.91 � 12.03 0.51 23.07 � 11.2 0.69
Bilateral (48) 33.44 � 10.91 24.87 � 8.31

RB staging
Group D (13) 25.94 � 9.36 0.04a 21.55 � 5.36 0.32
Group E (75) 36.46 � 11.7 25.22 � 11.5

Degree of differentiation
Well differentiated (52) 33.53 � 12.98 0.42 24.02 � 10.0 0.98
Poorly differentiated (36) 29.40 � 10.66 24.09 � 10.5

Optic nerve invasion
Infiltrated (80) 30.25 � 11.38 0.0002a 23.30 � 9.97 0.49
Not infiltrated (8) 47.77 � 2.19 31.57 � 11.8

SD, standard deviation.
aMean aqueous humor concentration of survivin was statistically higher in advanced stages of intraocular RB and in cases with optic nerve infil-
tration compared with its value in low stages of RB with no optic nerve affection (P # 0.05).
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Aqueous humor of the eyes with RB has been shown
to contain elevated levels of various substances.29-35

Apoptosis is a genetically controlled process that occurs
both in normal and pathological conditions36 and plays a
major role in the development of the central nervous
system, including the retina.37-39 Evasion of apoptosis is
a hallmark of human cancers that leads to cancer
development, progression, and treatment resistance.40 In
Journal of AAPOS



Table 5. Mean aqueous humor and serum concentrations of TGF-B1 protein in RB group in correlation to the different clinicopathological factors

Mean � Standard deviation

Variable (Number) Aqueous TGF-B1 (pg/mg protein) P value Serum TGF-B1 (pg/mL) P value

Age
1-24 months (52) 107.21 � 45.32 0.17 458.16 � 49.11 0.45
25-48 months (12) 113.34 � 3.95 435.56 � 78.35
.48 months (24) 78.32 � 33.06 417.20 � 59.24

Sex
Male (40) 80.97 � 33.18 0.78 432.66 � 72.13 0.73
Female (48) 102.80 � 38.14 425.78 � 41.40

Family history
Positive (16) 84.56 � 39.27 0.69 429.96 � 69.47 0.99
Negative (75) 92.87 � 36.43 429.81 � 59.73

Tumor laterality
Unilateral (40) 101.77 � 38.6 0.97 447.05 � 58.92 0.23
Bilateral (48) 97.71 � 38.1 415.51 � 55.36

RB staging
Group D (13) 89.9 � 38.53 0.88 421.71 � 64.37 0.32
Group E (75) 92.48 � 34.57 447.28 � 50.44

Degree of differentiation
Well differentiated (52) 68.0 � 24.78 0.0006a 431.49 � 62.7 0.88
Poorly differentiated (36) 118.66 � 27.7 427.47 � 60.24

Optic nerve invasion
Infiltrated (80) 98.25 � 31.49 0.84 431.73 � 63.04 0.22
Not infiltrated (8) 104.74 � 87.85 411.01 � 10.73

aP\0.01, mean aqueous humor concentration of TGF-B1 in undifferentiated RB was significantly higher compared to the well differentiated ones.

Table 6. Mean concentrations of LDH protein in aqueous humor and serum in RB group correlated with different clinicopathological factors, with
no statistically significant difference between the subgroups (P . 0.05)

Variable (n) Aqueous LDH (U/L), mean � SD P value Serum LDH (U/L), mean � SD P value

Age
1-24 months (52) 595.21 � 290.78 0.63 412.74 � 172.82 0.06
25-48 months (12) 493.92 � 142.09 482.04 � 137.09
.48 months (24) 619.83 � 221.65 320.88 � 70.96

Sex
Male (40) 593.16 � 189.52 0.56 337.32 � 93.83 0.47
Female (48) 588.72 � 275.16 419.79 � 152.12

Family history
Positive (16) 542.5 � 91.59 0.39 353.4 � 119.9 0.29
Negative (72) 605.7 � 248.48 554.4 � 843.9

Tumor laterality
Unilateral (40) 584.63 � 220.2 0.90 380.38 � 133.35 0.76
Bilateral (48) 596.93 � 244.7 363.29 � 128.47

RB staging
Group D (13) 540.7 � 180.7 0.20 357.03 � 126.3 0.46
Group E (75) 699.7 � 276.6 401.14 � 125.46

Degree of differentiation
Well differentiated (52) 617.86 � 265.0 0.25 380.67 � 150.46 0.64
Poorly differentiated (36) 533.03 � 146.4 357.18 � 80.91

Optic nerve invasion
Infiltrated (80) 600.9 � 224.64 0.64 370.0 � 129.07 0.89
Not infiltrated (8) 494.9 � 239.92 381.64 � 100.9
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cancer, the balance between proliferation and apoptosis is
disturbed, and defects in apoptotic pathways allow survival
of cells with genetic abnormalities.41

In malignant tumors, survivin antagonizes programmed
cell death, favors tumor-associated neovascularization,
promotes cell proliferation, preserves cell viability, and
has a strong potential of antagonizing drug and radiation
induced apoptosis.42 Jiang and colleagues43 stated that
Journal of AAPOS
coexistence of survivin and heat shock protein 90 probably
plays an important role in cellular proliferation in RB.
There has been much interest in the potential use of survi-
vin as a tumor biochemical marker in cancer studies and in
investigating the correlation between its level and the clin-
ical course of the disease.44-49

In the present study, the mean concentration of serum
survivin in the malignant group was higher compared to
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the control group and reduced markedly following treat-
ment; these results indicated indirectly that elevated serum
levels of survivin were caused by the secretion of survivin
into the blood from tumors. This finding agrees with the
results of Wang and colleagues,50 Hoffmann and col-
leagues,51 and Guney and colleagues52 in other types of
cancer.

The first and only report about expression of survivin in
aqueous humor and serum of RB patients was by Shehata
and colleagues in 2010.53 Similar results were reported; how-
ever, the present work included a large number of patients
and investigated the level of TGF-B1 in aqueous humor
and serum of the same patients in comparison to the conven-
tional marker, LDH. We found a heretofore unrecognized
significant moderate positive correlation between the stage
of RB and mean aqueous humor concentration of survivin.

A significant moderate positive correlation was also
found between aqueous humor concentration of survivin
and RB staging and presence of optic nerve infiltration.
This finding was reported also by Shehata and col-
leagues.53 Li and colleagues54 found the expression of sur-
vivin significantly associated with the clinical stage in
nasopharyngeal carcinoma. Xiang and colleagues55 re-
ported that survivin expression in peripheral T cell lym-
phoma had no significant correlations to sex, age, clinical
stage, the number of extranodal lesions, performance sta-
tus, and serum level of LDH.

TGF-B is a cytokine involved in a wide variety of phys-
iological and pathological processes. Regarding cancer,
TGF-B initially contributes to maintenance of normal tis-
sue and cellular homeostasis; nevertheless, at a particular
time, TGF-B cannot suppress cancer development, and it
even acts as a promoter of tumoral progression, being
secreted in large quantities by neoplastic cells of several
cancer types.56 The underlying mechanisms for the eleva-
tion of TGF-B1 concentration in the course of RB are
not clearly defined.

Kimchi and colleagues57 found that RB cells lacked the
three affinity-labeled proteins of 65, 95, and 300 KDa,
which represent TGF-B1 receptors typically seen in hu-
man cell lines and thus distinguishing them from normal
retinal cells. Loss of TGF-B1 receptors may represent
one mechanism through which these cells escape from
negative control and form RB. It has been suggested that
RB cells are resistant to TGF- B activity due to the absence
of TGF-B binding receptors in RB cells. In addition, TGF-
B receptor-I may be functionally inactivated in these cell
lines.58-60

Shim and colleagues61 and Chen and colleagues62 re-
ported that the mean serum level of TGF-B1 was signifi-
cantly decreased after treatment of cancer by surgery
and/or radiation and chemotherapy. This disagrees with
Sheen-Chen and colleagues63 who found no significant dif-
ference in serum TGF-B1 between patients with invasive
breast cancer and their control group.

TGF-B1 down-regulates survivin expression through a
unique mechanism of transcriptional suppression.64 A
novel TGF-B/Rb/survivin axis with a putative role in the
functional switch of TGF-B from tumor suppressor to tu-
mor promoter was proposed. On the other hand, Yang and
colleagues18 and Ikeguchi and colleagues65 reported that
the TGF-B gene may play a defensive role against tumor
progression by regulating survivin protein expression and
by controlling occurrence of spontaneous apoptosis in he-
patocellular carcinoma.

Yang and colleagues66 and Ananiev and colleagues67

found that expression of TGF-B1 was significantly corre-
lated with the degree of differentiation of laryngeal squa-
mous cell carcinoma and gastric carcinoma tissues,
respectively, and this was consistent with the present study.
However,Wang and colleagues68 reported that the expres-
sion of TGF-B1 is not associated with metastasis of lymph
nodes and histological types, differentiation degree, and
clinical stage of ovarian carcinoma.

Dias and colleauges,6 Kaback and Romano,9 and Ro-
hatgi and colleagues69 reported that LDH activity in
aqueous humor has a diagnostic value in RB. Some
studies11,70,71 reported high levels of aqueous humor
LDH in benign ocular conditions other than RB that
were comparable to the sensitivity and specificity of
aqueous humor and serum LDH in the present work.
Piro and colleagues72 reported that only the presence of tu-
mor in the anterior chamber correlated significantly with
the aqueous humor LDH level. Dayal and colleagues73

found no correlation other than with disease stage, noting
that the LDH levels in the aqueous humor was significantly
higher in late stages than early ones.

In conclusion, the data presented here shows that both
survivin and TGF-B1 were significantly higher in RB pa-
tients in aqueous humor and serum samples than the corre-
sponding control group. Their levels in sera markedly
reduced following therapy. The high sensitivity, speci-
ficity, and accuracy of serum and aqueous humor survivin
and TGF-B1 proteins make them promising markers for
early detection and follow up of RB patients. Nevertheless,
it remains to be determined whether there is an association
between the expression and function of survivin and TGF-
B1 that could help in clarifying their role in RB pathogen-
esis, and then they can be described as targets for RB
therapy.
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