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EditorialEditorialEditorialEditorialEditorial

Evolution of man is a scientific fact. In ancient mythologies, be they from Greece, India, or China, there are

stories of kings and emperors seeking the “fountain of youth” or “pearls” that would rejuvenate them so that they can rise

above the fundamental problems of life ie, jara, byadhi, and mrityu (the problem of aging, disease, and death); why is this

so? This is the fundamental question of Buddha who left his family and became a monk in search of an answer. The

question remains even though science today has evolved from what was once the domain of spirituality, healers, and

black magic practitioners. Many healing methods are found in the ancient literatures of traditional Chinese and Indian

(Ayurveda) medicine. There are stories of kings and emperors seeking the “fountain of youth” or “pearls” that would

rejuvenate them. The so-called Philosopher's Stone that medieval alchemists searched for fruitlessly was supposed not

only to turn any substance into gold but also to prolong life and restore youth. Ancient Indian sages practised “Siddha

Vaidya” as well as “trantric” methods for the same reason. In contemporary times, with a better understanding of the

human body down to cellular structures and the DNA along with a better knowledge of debilitating diseases and their

impact, scientists are looking not at rejuvenation but regeneration. A natural effect of aging is degeneration; every organ

in a human body degenerates as it ages, leading ultimately to, as they say, death due to old age. Congenital defects and

damage can also affect organs like the liver, the heart or the kidney, causing loss of function. Diseases like Parkinsonism

or diabetes also cause specific organs for dysfunction. Many of these diseases are also associated with aging, and in

today’s world, improved healthcare has resulted in increasing longevity. Many significant human diseases arising from the

loss or dysfunction of specific cell types in the body, such as Parkinson’s disease, diabetes, and cancer, are becoming

increasingly common. So far, there has been little reprieve from such debilitating diseases or from damage caused by

burns or other accidents. Today, however, a new branch of medicine, regenerative medicine, shows much promise. The

term probably comes from a 1992 paper of Leland Kaiser, “The Future of Multihospital Systems,” where in a paragraph

subtitled “Regenerative Medicine,” the author noted that a “new branch of medicine will develop that attempts to change

the course of chronic disease and in many instances will regenerate tired and failing organ systems” (Kaiser L. Top

Health Care Finance, 1992 Summer; 18:4: 32-45).  With work on stem cells getting a new boost in recent years, the

process of regenerating dysfunctional and aging organs appears to be no longer a myth but a reality. Regenerative

medicine refers to that branch of medicine which deals with living functional tissues that help to repair or replace damaged

or aging tissues, thus regenerating the organ concerned. Research in this field includes cell therapy involving stem cells or

progenitor cells, induction of regeneration by biologically active molecules, tissue transplantation, tissue engineering, and

the use of cord blood, to mention a few. Regenerative therapies have been demonstrated (in trials or in the laboratory) to

heal broken bones, burns, blindness, deafness, heart damage, nerve damage, etc. It has the potential to cure diseases

through repair or replacement of damaged, failing, or aged tissue. Therapies include regeneration of tissues in vitro for

future use in vivo as well as direct placement and regeneration Preface x of tissue in vivo. However, this area of medicine

is still in its infancy despite the strides made in the last decade. Much of the work is still confined to animal or laboratory

models. The next few years are critical as more and more human trials are undertaken and the true potential of this

emerging branch of medicine is expressed.  The present  concepts has further broadened the focus to include a variety of
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non-foetal sources of stem cells and their fascinating role in regenerative medicine. Menstrual blood stem cells, adipose

tissue stem cells, stem cells from spongy gum tissue, and even stem cells from breast milk are discussed. Scientists from

all over the world have participated in this academic collaboration. This article brings together some of the important

work that is being done along with unpublished observations that will help to shape the contours of future therapy in the

field of modern regenerative medicine. It promises to be an eye-opener to the enormous potential of hitherto discarded

material, like menstrual blood or liposuction material, uprooted decidual teeth, or the operated spongy gum tissue, that

had been so far considered as pure biological waste. It is well known that menstrual blood can rejuvenate a rose tree and

its use to attract the lover when you mix it with coffee as per voodoo practice or Baul initiation tradition. The question is

what is common in it? Science of botany can support the application of blood or other nitrogenous substances, which can

help the growth of the plant in particular. In case of voodoo practice of adding menstrual blood to hot coffee to attract the

lover, the stem cell or cytokine niche would be destroyed by the presence of the hot coffee and there would be doubts

about the residual pheromone and the residual impact, but still people of that faith are practising this. Similarly, the

menstrual blood of menarche is an important ingredient for the initiation process of the secretive practice of the “Baul”

faith, if the concept works as a stimulant to professionals and clinical scientists who can build on the knowledge and

expand the curative potential of pregnancy-specific biological substances.

Niranjan Bhattacharya

DSc (Med Sci), MD (Obstet Gynaecol), MS (Gen Surg),

FSOG (Canada), FICS, FACS (USA), Editor, Medical Glory,

Kolkata 700106, Head of the Department and Dr Subhas

Mukherjee Chair Professor, Department of Regenerative

Medicine and Translational Science and Director

General of the Public Cord Blood Bank and

Convenor, Dr BC Roy Biorepository,

Calcutta School of Tropical Medicine,

Kolkata 700073
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Pro and Anti-angiogenic Vascular Endothelial Growth Factor and Its

Receptors: Potential Candidates for Pretherapeutic Biomarker for

Antivascular Endothelial Growth Factor Therapy for Diabetic

Macular Oedema Patients

Abstract:

 Differential outcome in randomised controlled trials of antivascular endothelial growth factor therapy viz,

ranibizumab, for diabetic macular oedema is a major dilemma for planning, optimising and managing clinical usage.

Variable outcome of the therapeutics necessitates the importance of finding a predictive biomarker for the same for

accurate subject selection. The present study correlates the baseline pro and antivascular endothelial growth factor

isoforms and its three receptors (sVEGFR1, sVEGFR2 and sVEGFR3) for circulatory candidate protein molecules

among diabetic macular oedema patients, with the clinical outcome of ranibizumab therapy. This study included 86

individuals who were antivascular endothelial growth factor naive at the time of ascertainment but have completed

the standardised therapy regime of the clinic. Plasma proteins for pro and antivascular endothelial growth factor

isoforms and its three receptors (sVEGFR1, sVEGFR2 and sVEGFR3) were determined in duplicate by enzyme

linked immunosorbant assay.

 The study demonstrated 54 individuals (62.8%) benefited from the therapy in terms of letter gain (Snellen

chart). Plasma sVEGFR2 was significantly higher among responder (65.10±30.32) compared to non-responder

(46.75±20.52) [P
FDR

= 0.02]. Diffuse diabetic macular oedema with proliferative diabetic retinopathy increases

the risk of non-responsiveness by 3.03- fold [P
FDR

=0.04].

In conclusion, present study postulates that  diffuse diabetic macular oedema with proliferative diabetic

retinopathy and baseline circulatory sVEGFR2 may be potential candidates as therapy stratifying markers for

ranibizumab treatment among diabetic macular oedema patients.

1 MS, PhD, Professor of Ophthalmology, Regional Institute of Ophthalmology, Kolkata 700073
2 PhD, Senior Scientist, Regional Centre of ICMR, North-East Region, Assam

Corresponding author : Dr Lakshmi Kanta Mondal , Regional Institute of Ophthalmology, Kolkata 700073, Tel :
9830830216, E-mail : lakshmi.mondal62@gmail.com

                                                                                                                          Accepted December 20, 2019

Key words: Antivascular endothelial growth factor, ranibizumab, diabetic macular oedema, diffuse diabetic

macular oedema, progressive diabetic retinopathy, sVEGFR2, best corrected visual acuity.

Introduction :

Diabetic retinopathy (DR) remains the leading

cause of blindness among the working population and about
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95 million people around the world are affected by vision-

threatening DR. Monoclonal antibody (mAb) against vas-



cular endothelial growth factor (VEGF) has recently been

the treatment of choice for many ocular diseases in tech-

nologically advanced countries. In other parts of the

world, it is fast replacing the traditional treatment regime of

‘conventional laser followed by surgery’ for a variety of

ocular diseases like age-related macular degeneration

(AMD) and macular oedema1,2. For treatment of DR,

mAbs against VEGF, like ranibizumab (RBZ), bevacizumab

(BVZ) and aflibercept (soluble decoy receptor) has gained

acceptance through a series of successful randomised con-

trol trials (RCT)3-6. RBZ, the short length mAb, is a Food

and Drug Administrator (FDA) approved therapeutics for

AMD and macular oedema including diabetic macular

oedema (DME)4, 7. Several trials of antiVEGF therapy on

DME revealed an increased efficacy and sensitivity over

painful laser therapy. Additionally RCTs combining RBZ

with laser therapy, shows an even improved efficacy and

sustainability4. Involvement of various inflammatory

cytokines8, growth factors, vitreous modifications and trac-

tion9 postulates that the disease aetiology of DME is multi-

factorial and complex as a result variable outcomes of RBZ,

are documented in several RCTs among the affected

individuals4,5.There are patients for whom the RBZ treat-

ment has produced little or no discernible effect. Differen-

tial treatment outcome for RBZ therapy is a crucial barrier

for planning, optimising and managing the clinical usage,

though about 95 million people around the world are af-

fected by vision threatening DR10. As the treatment is ex-

pensive and the outcome is highly variable, it necessitates

the importance of finding a predictive biomarker for the

RBZ therapy outcome to improve subject selection.

VEGF activation has been consistently linked with

neovascularisation and pathologies involving angiogenesis11.

However, the existence of the pro and anti-angiogenic

isoforms of VEGF has been underappreciated in the sci-

entific community’s search for disease mechanism associ-

ated with angiogenesis9,10.  Particularly understudied is

DME, but there is at least one previous report demon-

strating the downregulation (relative quantification) of the

anti-angiogenic VEGF isoforms in diabetic eye 12.We have

recently documented the increased difference between pro

and anti-angiogenic VEGF isoforms which seems crucial

for adverse prognosis of DME13.

Promise of precision medicine with the aid of pre-

dictive biomarker for the anti VEGF therapy in heteroge-

neous eye diseases like AMD has been well documented

for better patient management in clinics14. The observation

insists us, to estimate the imbalance between the pro and

antiVEGF isoforms, VEGF165a and VEGF165b, as a pre-

dictor of the clinical outcome of RBZ therapy, among type2

diabetes mellitus (T2DM) patients having DME. We also

include its three receptors ie, VEGFR1, VEGFR2 and

VEGFR3 for circulatory candidate protein molecule and

study their predictive role at baseline. We limit our study to

population who have undergone the full course (3 loaded

doses) of RBZ therapy.

Materials and Methods:

Study subjects: Study included 86 individuals from

a cohort at the Regional Institute of Ophthalmology (RIO),

Kolkata who were antiVEGF naive at the time of ascer-

tainment but have completed the standardised therapy re-

gime of the clinic (three loading doses of RBZ: intravitreal

0.5 mg RBZ at one month's interval for three months along

with the focal and grid laser as per requirement)4,15 and fol-

lowed up for one year. The present study was restricted to

T2DM patients only. Institutional ethical clearance from

Regional Medical Research Center, NE Region, ICMR and

the Regional Institute of Ophthalmology, Kolkata approved

the study. Written informed consent from each subject was

obtained in accordance to the declaration of Helsinki.

Diagnosis of DM was confirmed according to

WHO criteria16. DME and extent of DR measured by two

trained ophthalmologists using dilated funduscopic exami-

nation with slit-lamp biomicroscopy by +90D and 3-mirror

lens, seven-field digital fundus photography with fluores-

cence angiography and optical cohorence tomography

(OCT). Grading and severity of retinopathy were assessed

through modified Airlie House Classification of early-treat-

ment-diabetic-retinopathy-study (ETDRS) criteria and ac-

PRO AND ANTI-ANGIOGENIC VASCULAR ENDOTHELIAL GROWTH FACTOR – MONDAL  AND PAINE    9



cording to International Clinical Diabetic Retinopathy and

Diabetic Macular Edema Severity Scales of the Global

Diabetic Retinopathy Project Group17,18. Letter score were

documented as per Snellen visual acuity chart19,20. The study

included the  patients of T 2 DM with DME who received

the anti VEGF therapy (first time user) along with promt

laser photocoagulation  from this institute since 2013 till

2017.

According to disease severity scales for DR and

DME, mild non-proliferative DR (NPDR) is characterised

by microaneurysms only. Moderate NPDR is characterised

by more than just microaneurysms with retinal

haemorrhages, exudates and cotton wool spots but no

intraretinal microvascular abnormalities or significant venous

beading. Severe NPDR is characterised by one or more

of the following, in the absence if prolifrative DR (PDR):

more than 20 intraretinal haemorrhages in each of four quad-

rants, definite venous beading in two or more quadrants,

prominent intraretinal microvascular abnormalities (IRMA)

in one or more quadrants. PDR is characterised by one or

more of the following: Extraretinal neovascularisation (new

vessels on the disc or elsewhere in the retina) with or with-

out vitreous or preretinal haemorrhage. Severity of DME

is classified into mild DME characterised by some retinal

thickening or hard exudates in posterior  pole away from

the centre of the macula. Moderate DME is characterised

by retinal thickening or hard exudates near the centre of

the macula but not involving the centre. Severe DME is

characterised by retinal thickening or hard exudates involving

the centre of the macula. DME is angiographically divided

into focal DME characterised by more than 67 % leakage

originated from leaking microaneurysms in the whole

oedemtous area and diffuse DME characterised by less

than 33 % leakage originated from leaking microaneurysms,

the rest from diffuse leaking capillaries in the whole

oedemtous area21.

Subjects with DME  were further cross classified

into: Focal DME with mild to moderate NPDR

(FDME+MNPDR, n=28), focal DME with severe NPDR

(FDME+SNPDR, n=16), diffuse DME with SNPDR

(DDME+SNPDR, n=15) and diffuse DME with prolifera-

tive DR (DDME+PDR, n=27). People with coronary ar-

tery disease (CAD), peripheral vascular diseases, history

of any thrombotic event, acute infection, or any other ocu-

lar disorder such as ischaemic DR, glaucoma, branch reti-

nal venous occlusion and Eales disease were excluded from

the study. Demographic characteristics, duration of diabe-

tes (DOD), HbA
1c

% and diabetic nephropathy status (mi-

cro and macro-albuminuria) and data on other biochemical

parameters of patients were collected from the clinic in struc-

tured questionnaire during ascertainment.

Patients: The key inclusion criteria were patients of

T2 DM of age > 40 years with glycosylated haemoglobin

(HbA
1c

) < 10 %. The key inclusion criteria were (1) stable

medication for the management of diabetes within 3 months

before randomisation and expected to remain stable during

the study; (2) visual impairment due to focal or diffuse DME

in at least one eye that was eligible for laser treatment in the

opinion of the investigator; (3) best corrected visual activity

(BCVA) 6/12 -6/60 (approximate ETDRS equivalent 20/0

- 20/200); and (4) decreased vision due to DME and not

other causes, in the investigator’s opinion. The key exclu-

sion criteria were (1) concomitant conditions in the study

eye that could prevent the improvement in VA on the study

treatment in the investigator’s opinion; (2) active intra-ocu-

lar inflammation or infection in either eye; (3) uncontrolled

glaucoma in either eye [eg, intra-ocular pressure (IOP) >

24 mm Hg on medication]; (4) panretinal laser photoco-

agulation (within 3 months) before study entry; (5) treat-

ment with anti-angiogenic drugs in the study eye within 3

months before randomisation; (6) history of stroke and (7)

systolic blood pressure (BP) > 160 mm Hg or diastolic

(BP) > 100 mm Hg ie, untreated hypertension.

Treatment protocol: Eighty-six diabetic subjects with

vision impairing DME  received 3 initial consecutive monthly

injections of RBZ 0.5 mg  followed by promt grid / focal or

panretinal laser photocoagulation (within 3-10 days after

the last injection). BCVA was measured using Snellen chart

at baseline (prior therapy) and at the interval of 4 weeks

(±1 week) up to month 12. Central macular thickness
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(CMT) was determined through Spectralis OCT (Heidel-

berg Engineering, Heidelberg, Germany) at every follow-

up visit. The main categories assessed  were as follows:

DME type ( focal / diffuse ) in mild, moderate and severe

NPDR and PDR. The primary objective of the study to

measure improvement in BCVA status and reduction in

macular thickness at every visit till 1 year.

Laser treatment ( focal and / or grid and / or scat-

ter) – Modified ETDRS focal / grid laser photocoagulation

technique was used in our treatment protocol22. We di-

rectly treated all microaneurysms in areas of retinal thick-

ening between 500 and 3000 µm from the centre of macula.

A mild grey white burn of 50 µm spot size and burn dura-

tion of 0.1 second was applied beneath all microaneurysms.

In grid treatment laser burn was applied to all areas of

oedema not associated with microaneurysms. Area con-

sidered for grid treatment was 500 - 3000 µm superiorly,

nasally and temporally from the centre of macula. No burn

was placed within 500 µm of the disc. Panretinal photoco-

agulation followed diabetic retinopathy study photocoagu-

lation technique as 800 - 1600 burns of 500 µm spot size

of 0.1 second duration. Direct treatment of new vessels

and microaneurysms or other lesions causing macular

oedema was followed. The primary efficacy end points in-

cluded mean BCVA letter score change from baseline to

month 12 and proportion of patients who gained > 10 and

> 15 letters in BCVA. The secondary efficacy end point

included mean reduction in central macular thickness. The

safety assessments of the therapy was done by 12-month

incidence of adverse events like endophthalmitis, intra-ocu-

lar haemorrhage, retinal detachment, raised intra-ocular

pressure and changes in vital signs.

 Retreatment criteria during continuous/resumed treat-

ment phase – As of 3 months, the standard protocol of

other randomised control trials required that one injection

per month was to be continued if stable VA was not reached.

Our poor country could not bear the economic burden re-

lated to costly treatment of repeated monthly injections of

RBZ. Bevacizumab might be rational alternatve in this situ-

ation but unfortunately the Drug Controller of India aban-

doned the usage of bevacizumab dose to occurrence of

cluster of this drug related endophthalmitis all over the coun-

try in 2015. Therefore, in the present study retreatments

with laser photocoagulation were resumed if there was a

decrease in BCVA due to DME progression, confirmed by

clinical evaluation and/or OCT or other anatomic and clini-

cal assessments, in the opinion of the investigator.

Retreatments with focal / grid or scatter laser photocoagu-

lation were given in accordance with ETDRS guidelines at

intervals no shorter than 3 months from the previous treat-

ment. In this study 43  patients (50 %) with DME, specially

diffuse DME of severe NPDR and PDR groups required

approximate 2 -3 retreatments with laser photocoagulation.

Sample collection and laboratory investigation: Blood

samples were collected by venepuncture in EDTA vial prior

therapy. Plasma was separated by centrifugation (2000X g

for 5 minutes) and stored at – 800C for further assay. Plasma

levels of VEGF165a (pro-angiogenic), VEGF165b (anti-

angiogenic), VEGF receptors (R1, R2 and R3) were de-

termined in replicate by enzyme-linked immunosorbent as-

say (ELISA), using commercially available uniform as per

manufactuer’s instruction. Details of commercially used uni-

form presented in supplementary 1 (S1). Commercially

available ELISA kits confirmed that they do not have any

cross reactivity with its close analogue.

Statistical analysis: Age, duration of diabetes (DOD),

glycaemic and hypertension status were compared between

the study groups using the two-tailed ‘t’ test and X2 test

(Chi-squared) where required. We compared the baseline

(prior therapy) plasma protein level of VEGF165a,

VEGF165b, sVEGFR1 (R1), sVEGFR2 (R2) and

sVEGFR3 (R3) among responder and non-responder of

RBZ therapy through two tailed ‘t’ test. Chi-square test

and odd’s ratio were calculated to find out the association

with differential phenotype characteristics and its risk for

non-responder to RBZ therapy. Binary logistic regression

was performed to estimate the effect of variables viz, DME

phenotype [(FDME+MNPDR),(FDME+SNPDR),

(DDME+SNPDR) and (DDME+PDR)], sVEGFR2 and

DOD on the outcome (ie, responder or non-responder).

PRO AND ANTI-ANGIOGENIC VASCULAR ENDOTHELIAL GROWTH FACTOR – MONDAL  AND PAINE   11



Linear regression was performed with the variables viz,

DM E  p h e n o t y p e s  [ ( F D M E + M N P D R ) ,

( F D M E + S N P D R ) ,  ( D D M E + S N P D R )  a n d

( D D M E + P D R ) ] ,  sVEGFR2 and DOD to estimate

their effect on CMT reduction. One-way analysis of

variance(ANOVA) and Tukey's test was performed for

sVEGFR2 among the DME subjects with different letter

gain that was divided into four categorical measurement ie,

3-line (>15 letter), 2-line (>10 letter) and 5 (>5 letter) and

non-responder (<5 letter). All statistical analysis was done

using R3.1 23. Graphs are made by graphpad prism v.524.

Results:

RBZ therapy outcome among DME: The study

demonstrated 54 subjects (62.8%) benefited from the

7.1±6.07. Letter gain was highest up to 18 letters; where

21 (24.4%), 15 (17.4%) and 18 (20. 9%) individuals ac-

quired greater than or equal to15 letters (>15 letters), 10

letters (>10 letters and <15 letters) and 5 (>5 letters and

<10 letters), respectively. Thirty-two  individuals (37.2%)

did not respond to the therapy in terms of letter gain. Mean

CMT reduction of the cohort was 117.75 ± 135.16 µm.

It may be noted that the DME patients who had

undergone 3 doses of RBZ therapy  along with laser and

sustained their VA gain for one year with an improvement

of >5 letters (Snellen chart) was considered as responders

whereas patients with < 5 letters after one year of therapy

were considered as non-responders.

Association of clinical characteristics with RBZ

therapy outcome: The study did not reveal any significant

Table 1 – Distributional Difference of Clinical and Circulatory Biomarker among Non-responders and

Responders

therapy in terms of BCVA score or letter gain (Snellen chart)

where mean letter gain of the therapy for 86 subjects was

difference between the age (P
FDR

=0.49), HTN (P
FDR

 =0.88)

and HbA
1c

 (P
FDR

 =0.75) between responders (n=54) and

* P-value significant after multiple testing correction (FDR)
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Variables Non-responder (n=32) Responder (n=54) P-value P FDR 
Demographic  and clinical variables  : 
  Age in years 51.3 ± 1.8 54.7 ± 1.7 0.18 0.49 

  DOD in years 12.3 ± 4.3 9.6 ± 3.9 0.01 0.03* 

  HbAIC (%) 8.8 ± 2.3  8.4 ±  2.4 0.56 0.75 

  HTN 12 18 0.8 0.88 

  CMT reduction     

  (µm) 

24.2 ± 56.18  190.8 ± 134.1  < 0.0001 0.001* 

Circulatory biomarkers:   

  sVEGF165 a-b 105.8 ±60.4 123.8±68.43 0.27 0.53 

  sVEGF165b 51.12±22.09 49.31±21.8 0.73 0.88 

  sVEGF165 a 156.9±64.8 173.8±68.2 0.31 0.53 

  sVEGFR1 17.29±12.7 17.55±18.1 0.95 0.95 

  sVEGFR2 46.75±20.25 65.10±30.32 0.005* 0.02* 

  sVEGFR3 21.01 ± 17.55 17.11 ± 14.71  0.34 0.53 



non-responders (n=32) (Table 1). DOD and CMT reduc-

tion was significantly different (P
FDR

 =0.03 and 0.001 re-

spectively) between responder group and the non-re-

sponder group (Table 1).

We evaluated the difference of baseline (prior

therapy) circulating plasma VEGF (VEGF165a,

VEGF165b and VEGF165a-b), sVEGFR1, sVEGFR2

and sVEGFR3 among responders and non-responders.

There was no significant difference between the levels of

circulating VEGF165a (P
FDR

 =0.53), VEGF165b (P
FDR

=0.88) and VEGF165a-b (P
FDR

 =0.53), sVEGFR1 (P
FDR

=0.95) and sVEGFR3 (P
FDR

 =0.53) between the respond-

ers and non-responders (Table 1).

Level of circulatory plasma sVEGFR2 was signifi-

cantly higher among responder group (65.10±30.32) com-

pared to non-responder (46.75±20.520); P
FDR

 = 0.02

(Table 1). One-way ANOVA and Tukey’s multiple group

comparison test was performed for sVEGFR2 among the

DME subjects classified into different groups according to

the extent of letter gain as a measurement of response. In-

dividuals were sub-divided into four groups: (1) Individu-

als with more than or equal to 3 lines (>15 letters) letter

gain, (2) individuals with 2 lines (>10 letters and less than

15 letters) letter gain, (3) individuals with one line (>5 let-

ters and less than 10 letters) letter gain and (4) non-re-

sponders (<5 letters). The data demonstrated that the

baseline (prior therapy) sVEGFR2 concomitantly increased

with the higher number of letter gain after one year of

therapy (P
ANOVA

=0.002). We observed a statistically sig-

nificant difference in sVEGFR2 level between the group

who acquire >15 letters gain (85.65± 32.24 pg/ml) com-

pared those who experienced with 5 letters gain (less than

10 letters) (48.64±23.63 pg/ml); P
Tukeys

=0.02 and the con-

centration lowest among the non-responder (<5 letters) ie,

46.38± 20.59 pg/ml (P
Tukeys

 =0.001). The study however

did not reveal any significant difference of sVEGFR2 con-

centration between the most benefited group [3 lines (>15

letters)] and the other benefited group [2 lines (>10 letters

and less than 15 letters)].

The present study further demonstrated that dif-

fuse DME with  PDR associated with the increase risk of

non-response to RBZ therapy by 3.03 - fold (95% CI:1.2-

7.9; P
FDR

 =0.04) (Table 2). Binary logistic regression with

DR groups alongside DME phenotype, DOD (p=0.06) and

sVEGFR2 revealed that DME phenotype viz, adverse phe-

notype significantly increased the risk of non-response (log

odd’s 1.4; p=0.02; Table 3). The study estimated that in-

crease of sVEGFR2 significantly decrease the chance to

the RBZ therapy failure (p=0.02) (Table 4). Linear regres-

sion was performed to find the association of the predictive

marker with the secondary outcome like CMT reduction.

The study revealed that central macular thickness reduction

corroborated the significant association with DME pheno-

type and its response to RBZ (p= 0.0005) (Table 3); how-

ever, baseline sVEGFR2 did not reveal any association with

the same.

Discussion:

The present study demonstrated 54 individuals

(62.8%) benefited from the RBZ therapy as measured by

BCVA score (Snellen chart) and corresponding reduction

in mean CMT. This finding is similar to the finding of the

DRCR net study4. Mean letter gain and CMT reduction on

RBZ therapy seems consistent across the populations for

DME. Previous study also demonstrated that baseline  VA

negatively correlated with VA gain to RBZ4. However, DME

is a non-uniform phenotype viz, diffuse DME and focal DME

possibly caused by anatomical aberration through persistent

hyperglycaemia associated hypoxia on retinal cells. The study

demonstrated that diffuse DME is associated with RBZ

therapy failure (non-response). Further the study

demonstrated that the diffuse DME with  PDR increased

the risk to RBZ therapy failure by 3.03- fold, P
FDR

=0.04.

Previous study25 also demonstrated that the adverse

morphological prognosis is associated with retarded

response to RBZ therapy. It has also been  documented

that level of VEGF reaches its highest level on PDR.

Prolonged DOD, interaction of growth factor and

inflammatory cytokine have been proposed as aetiological

factors for the phenotype, diffuse DME with PDR26,27.
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Retarded therapeutic outcome warrants the sole use of anti

VEGF therapeutics among diffuse DME patients and

therapy, hence we may postulate that early intervention

through RBZ among DME may increase the chance of better

Table 2 – Association of Disease Phenotypic with   RBZ Therapy Outcome in Terms of BCVA

* P-value consider significant after multiple testing corrections (FDR)

postulated for combinatorial therapy with the anti-

inflammatory agent25. As the phenotype viz, diffuse DME

with PDR is a result of complex interaction of

outcome.

Traditional risk factors (age, DOD, HTN and

HbA
1c

) did not reveal any significant difference between

Table 3 – Logistic Regression of Circulating Biomarker with BCVA Score in Response to RBZ Therapy

 

Variables Estimate Standard error Z-value Pr(> ׀z ׀) 
Intercept -2.21 1.52 -1.45 0.14 

VEGFR2 -0.03 0.01 -2.25 0.02* 

DOD -0.16 0.08 1.9 0.06 

DME phenotype 1.4 0.6 2.3 0.02* 

*P-value significant at <0.05

neovascularisation and inflammation due to prolonged

hyperglycaemia and exhibit as poor responder of RBZ

non-responder and responder. The observation replicates

the previous reports with a limited sample size28.  We found
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Diabetic 

macular 

oedema 

Non-

responder 

(n=32) 

Responder 

(n=54) 

Odd’s ratio 

(95% CI) 

P-value P FDR 

Focal: 

 

     

   MNPDR 

 

6 22 0.3 (0.1-0.9) 0.03 0.06 

   SNPDR 

 

4 12 0.5 (0.14-1.7) 0.21 0.26 

   PDR 

 

- - - - - 

Diffuse: 

 

     

   MNPDR 

 

- 8 - - - 

   SNPDR 

 

7 8 1.6 (0.5-4.9) 0.32 0.3 

   PDR 15 12 3.03 (1.2-7.9) 0.01 0.04* 

 



that the baseline circulating levels of VEGFR2 as the only

other significant factor associated with therapeutic

DME act as poor responder. Till now, there has been no

reliable pretherapeutic biomarker for RBZ therapy for DME

Table 4 – Liner Regression of Circulating Biomarker with CMT Reduction in Response to RBZ Therapy

Variables Estimate Standard error t-value Pr(> ׀t ׀) 

Intercept 393.61 35.6 4.5 2.9e-05 

VEGFR2 -0.26 0.62 -0.4 0.66 

DME phenotype -125.4 33.97 -3.7 0.0005* 

 
*P-value significant at <0.05

outcome. Elevated level of baseline sVEGFR2 significantly

associated with better visual outcome or BCVA score

improvement (primary outcome) in response to RBZ

therapy. Moreover, its level is lowest among the non-

responder. The potentiality of the molecule viz, sVEGFR2

is to differentiate the responders from non-responders and

makes it a candidate for a molecular biomarker of the RBZ

therapy. For cancers, plasma concentration of sVEGFR2

is already established as pharmacodynamic biomarker for

inhibitors of VEGF signaling on antiVEGF therapy29,30. Our

observation also indicates similar pathophysiology using

DME as model for RBZ therapy. Though the previous study

reported as VEGF and VEGFR1 from aqueous humor

associated with RBZ therapy but unable to distinguish

VEGF165a, VEGF165b but our study did not reveal any

significant association with either isoform of VEGF and

VEGFR1. The possible reason for the differential outcome

is to differential study design, therapeutic regime and

definition of responder31. Potential circulatory systemic

biomarker on anti VEGF therapy response for AMD has

been documented14. OCT based morphological features

have been proposed to predict visual outcome for DME

on laser therapy32 but the role of OCT fails to predict

therapeutic response of anti VEGF among patients with

DME33 though the present study documented that CMT

reduction associated with the DME phenotype and diffuse

and present study postulates that diffuse DME with PDR

and baseline circulatory sVEGFR2 may be potential

candidates as therapy stratifying markers for RBZ treatment.

This study also demonstrates that combination of anti VEGF

drugs with laser photocoagulation could be effective to

reduce macular oedema and lead to VA improvement in a

large proportion of patients with DME. Though the impact

of laser therapy on the candidate protein molecules is not

known, laser photocoagulation certainly decreases the

secretion of VEGF from ischaemic retinal cells, which results

in reduction of macular oedema where imbalance of

angiogenic and antiangiogenic VEGF and VEGFR2 plays

the crucial role. This finding may have important ramification

in the decision to perform these expensive trials on larger

cohorts to optimise therapy. Further, the information may

assist to early intervention through alternative therapy regimen

including anti-inflammatory molecules or surgical intervention

as early alternative therapeutic intervention for DME.
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Introduction :

In recent years, a growing wealth of knowledge on

the biology and properties of multipotent Adult Stem Cells

(ASCs) has resulted in ever-increasing expectations

regarding their possible clinical uses, providing new hope

for the development of novel and effective cell-based

therapies for degenerative diseases, traumatic injuries, and

disorders for which there are currently limited therapeutic

options.

One of the most extensively studied populations of

multipotent ASCs are the Mesenchymal Stem Cells, a

population of fibroblast-like, plastic adherent cells which

display a defined surface marker profile (CD105, CD73

and CD90 in greater than 95% of the culture, and lack of

expression of CD34, CD45, CD14 or CD11b, CD79a or

CD19 and HLA class II in greater than 95% of the culture),

and are currently termed multipotent Mesenchymal Stromal

Cells (with the acronym MSCs), according to the consensus

set out by The International Society for Cellular Therapy1.

Although MSCs were first isolated from the Bone Marrow

(BM), cells which bear MSC characteristics, and which

have therefore also been termed MSCs, were subsequently

derived from different sites including adipose tissue2-4,

skeletal muscle5, liver6, synovial membrane7, umbilical cord

blood8, periosteum9,10, peripheral blood11 and, more

recently, from placental tissue12, amniotic fluid13 and

menstrual blood14-16.

      However, MSC populations from different origins

display some differences in terms of their patterns of gene

expression and their differentiation capacity17, 18. Such

differences might be the consequence of at least two factors.

The first of these may be considered a “operational”, given

that most of the information available on the phenotype and

functional properties of MSCs is derived from studies

performed on cells cultured in vitro; however, the culture

conditions themselves may give rise to the selection of

different cell populations and may also induce heritable and

epigenetic cellular preconditioning, thereby altering the

original cellular phenotype17-19. Moreover, comparison

among cell populations is made more arduous due to a lack

of standardization between isolation and cultivation methods

applied in different laboratories18. A second factor, which

can be considered as an “intrinsic” problem, is related to

the in vivo location of MSCs in different tissues, which may

differentially influence the commitment, phenotype and

functions of the cells. This aspect is further complicated by

the fact that the exact locations of these cells in vivo, as



well as their specific natural functions in these locations, are

far from being well understood20. Finally, a further level of

complexity is added to this scenario by the fact that MSCs

isolated from specific sites still tend to be heterogeneous

populations, which when cultured, are seen to contain both

undifferentiated stem/progenitor cells as well as more mature

cell types, which exhibit different functional abilities18, 20, 21.

Despite these hurdles, much attention has been

dedicated to these cells because of their relative ease of

isolation, their expansion ability in culture, their multipotency,

their absent or low-immunogenicity, their

immunomodulatory properties, and their ability to home to

sites of inflammation or tissue injury (reviewed in20, 22).

Indeed, all of these characteristics support the notion that

MSCs might be valuable candidates for in vivo

transplantation and cell-based therapy approaches.

The initial applications for which MSCs have been

used in therapy are based on their absent or low

immunogenicity and their immunoregulatory functions, as

well as their multilineage differentiation capacity. Indeed,

on one hand, a major advantage of using human MSCs for

in vivo therapies is the fact that these cells are considered

to be “immunoprivileged”, due to their low expression levels

of Human Leukocyte Antigen (HLA) Major

Histocompatibility Complex (MHC) class I, and their

negative expression of major MHC II and co-stimulatory

molecules such as CD40, CD80, and CD86 (for a review

see 22). Therefore, allogeneic transplantation of MSCs should

not require immunosuppression of the host. In addition,

several evidences also show that MSCs may play specific

roles in immunomodulation, interacting with cellular

components of the immune system and inducing a shift from

the production of pro- to anti-inflammatory cytokines22.

On the other hand, the fact that isolated and

expanded MSCs, mostly BM-derived, have been shown

to be capable of differentiating into multiple cell types in

vitro, suggests that these cells might also be useful in a clinical

setting for tissue regeneration, with tissue engineering and

regenerative purposes23.

highlighted that MSCs produce bioactive molecules (such

as cytokines and growth factors), which are able to exert

several types of paracrine effects (eg, anti-scarring, anti-

apoptotic, anti-inflammatory) on target cells20. These

findings have further widened the scope of possible MSC-

based therapeutic applications, and forced the

reinterpretation of previous results which have been

obtained with these cells. Indeed, in vivo studies have

revealed that although MSC transplantation improves tissue

conditions in several experimental animal models of disease,

as well as in human clinical trials, in many cases, such as for

the treatment of myocardial infarction or fibrosis (and other

cases to be described later in this chapter), the number of

engrafted cells and the levels of tissue-specific differentiation

of these cells within injured or diseased host tissues are

often very low or undetectable, and likely insufficient to

account for the observed functional improvements.

Therefore, in such cases, it seems that cell replacement

mechanisms represent only a minor facet of the role of

MSCs in tissue regeneration. Conversely, it is becoming

increasingly plausible that many of the beneficial effects

exerted by MSCs in vivo are related to the bioactive

molecules secreted by these cells and to the reparative

actions of these molecules, which act by paracrine

mechanisms on surrounding host tissues.

Before embarking on an in-depth discussion

regarding the concepts of “regeneration” and “repair” using

MSC-based therapies, clarification regarding the meaning

of these two concepts is paramount. Here, MSC-based

therapies for “regeneration” refers to treatments in which

MSCs engraft into host tissues, and “turn into” (ie,

differentiate into) specific cell type(s) required to replace

defective, necrotic or apoptotic cells and therefore

rejuvenate damaged adult tissues; meanwhile, MSC-based

therapies for “repair” refers to treatments in which MSCs

produce bioactive factors that modulate the local host

environment and induce endogenous cells, or trigger a

cascade of endogenous events, which lead to restoration

of damaged adult tissues.

Interestingly, increasing evidence has recently In this chapter, we will focus on those cases in which
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improvements in tissue function observed after MSC-based

therapies do not seem to be related to the “regenerative”

capacity of donor cells, but rather, are most likely due to

the actions of these cells on the site of injury, thereby

constituting a “reparative” activity which is associated with

the regeneration of host cells. We will also discuss the

concept that “regeneration” and “repair” are not mutually

exclusive. Finally, we will show that reparative actions can

be exerted at various levels, and that identification of the

mechanisms underlying the ability of MSCs to induce tissue

recovery is becoming an important and challenging area of

investigation, which is opening a new chapter in the

therapeutic use of MSCs.

MSC-based Therapy for Skeletal Diseases:

      MSCs are mainly defined simply in terms of their in

vitro ability to differentiate toward the three classical

mesodermal lineages (osteogenic, adipogenic, and

chondrogenic) under appropriate culture conditions18, 24-27.

On the basis of these in vitro characteristics, many attempts

have been made to exploit the differentiation capabilities of

MSCs in vivo to develop MSC-based approaches for the

treatment of disorders affecting skeletal tissues and

associated connective tissues (cartilage, tendon and

ligament)28, 29. Preliminary studies carried out in animal

models, followed by pre-clinical studies and human clinical

trials, have provided several evidences to support the

feasibility of using MSC transplantation for this purpose,

without resulting in the initiation of an immunological

response (reviewed in28). This strategy is centered mainly

on the ability of MSCs to differentiate and “turn into” cells

of the specific injured tissue to be restored (regenerative

approach), a process which is induced either by

transplanting the cells alone, or in combination with scaffolds

(synthetic or natural and biodegradable), which provide

mechanical and structural support, or exogenous factors

(growth factors, soluble cytokines, chondrogenic,

osteogenic factors), which enhance differentiation of MSC

toward cells of the required tissue28, 30. For instance,

successful results have been obtained in patients for the

treatment of bone defects such as long bone non-union

fractures31 and large bone diaphysis defects32. These

patients have been treated with ex vivo expanded autologous

BM-derived MSCs encased in porous hydroxyapatite

ceramic scaffolds, designed to match the bone deficit in

terms of size and shape, and in both cases, treatment has

resulted in the integration of the graft and healing of bone

defects. A similar approach has also been applied with

success in humans for the treatment of spinal fractures/

vertebral disc injuries33 and craniofacial defects34, 35. MSC-

based therapy has also been suggested for the treatment of

cartilaginous injuries. Indeed, numerous studies in both animal

models and in humans have reported that transplantation of

MSCs in combination with scaffolds results in new cartilage

formation36-38. For instance, Wakitani and colleagues36 have

reported treatment of patellar cartilage defects by this

approach, whereby histological analyses revealed the

successful repair of defects with fibro-cartilaginous tissue.

      Besides these approaches, which are based mainly on

the local injection and implantation of MSCs, systemic

transplantation of MSCs has also been shown to be a viable

approach for the treatment of bone diseases such as

Osteogenesis Imperfecta (OI). OI is a genetic disorder of

bone and other tissues caused by a mutation in the genes

coding for type 1 collagen, the major structural protein in

bone. This disease is characterized by the occurrence of

fractures, reduced bone growth and progressive bone

deformation. Horwitz and colleagues39-41 were the first to

investigate whether MSC transplantation could be used to

treat patients affected by OI. In 2002, these authors reported

that when children with OI were treated first with a standard

allogeneic BM transplant, and then with a “booster” of

MSCs from the same donor (18 months post BM

transplantation), clinical conditions were ameliorated and

the children began to grow again. These authors claimed

that donor MSCs can engraft after transplantation and

differentiate to osteoblasts as well as skin fibroblasts, thereby

conferring clinical benefits attributable to the engraftment

of functional mesenchymal precursors.

Even though these findings support the notion that
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the beneficial effects observed are likely due to the

differentiation of MSCs into the cell types needed for tissue

regeneration, they still leave open the possibility that

differentiation is not the only mechanism underlying the

effects observed. For instance, although MSC-based

therapy for cartilage regeneration was first conceived on

the basis of the ability of these cells to differentiate toward

the chondrogenic lineage, in some cases, doubts have been

raised concerning the origin of newly formed cartilage28,38

and the mechanisms involved28. Indeed, it remains to be

demonstrated as to whether new cartilage tissue is derived

directly from the differentiation of transplanted MSCs,

therefore representing a regenerative action of these cells,

or from the ability of the transplanted cells, through paracrine

mechanisms, to inhibit host inflammatory responses or

stimulate the growth and/or activity of endogenous

progenitors and chondrocytes28, and therefore acting

through a reparative mechanism. For instance, in the case

of diseases such as Osteoarthritis (OA) and Rheumatoid

Arthritis (RA), which are degenerative joint diseases

associated with progressive and often severe inflammation,

it seems that the beneficial effects of MSCs are attributable

mainly to the induction of endogenous progenitor cells and

their anti-inflammatory and immunosuppressive activities42.

In addition, as is also the case when MSCs have been

applied for OI treatment, some authors have reported that

the levels of donor MSCs in bone, skin and other tissues

were less than 1%. Although Horwitz and colleagues41

claimed that these low levels of engraftment were adequate

to confer clinical benefits, a reinterpretation of these results

by others questioned whether the beneficial effects observed

were due only to MSC differentiation into osteoblasts to

form bone, and suggested that most probably, bioactive

factors secreted by the MSC also supported the observed

growth and improvement of clinical conditions19, 43.

MSCs-based Therapy for Other Pathological

Conditions:

      Besides differentiation toward mesodermal lineages,

efforts have been devoted to investigate the ability of MSCs

to differentiate across germinal boundaries outside of the

mesenchymal lineage, to therefore also include the

endodermal and ectodermal lineages, a process often

referred as “trans-differentiation”. Although results

concerning this property of MSCs are still debated17,44,

several studies indicate the presence of multipotent cells

with MSC characteristics, which, under particular

conditions, not only differentiate into cells of the mesodermal

lineage, but also into cells resembling neurons17,45-47,

hepatocytes48-52, and cardiomyocytes53,54, as well as

endothelial55 and pancreatic cells56, 57.

Over the years, a wide variety of experimental

conditions have been set up in an attempt to trigger and

study trans-differentiation in vitro17, 52. Generally, these

protocols are based on induction of differentiation by the

addition of soluble factors to the culture medium (eg, growth

factors, cytokines, corticosteroids, hormones, chemical

demethylating agents), as well as the reconstitution of cell-

matrix and cell-cell interactions, with the intent of creating a

microenvironment and signals to drive cell differentiation

toward a specific lineage in vivo under the normal

developmental/homeostatic conditions of a specific tissue/

organ17,52,58. After induction, the potential resulting

differentiation is monitored by evaluating cellular

morphological changes (ie, changes to neuron-like,

hepatocyte-like and cardiomyocyte-like features), the

expression of various tissue-specific genes, as well as

assessing any acquired abilities of the cells to exert tissue-

specific functions. The literature currently includes a multitude

of papers reporting successful results in this field.

Nevertheless, concerns remain regarding the interpretation

of the results achieved, given that there is a lack of

standardization between the existing reports in terms of the

methods used to induce differentiation, as well as in the

criteria applied for phenotyping in vitro-generated

differentiated cells. Indeed, on one hand, differentiation

strategies are hampered by great variability between

protocols used by different groups, and also by the fact

that in most cases, the signals that drive natural differentiation

in vivo remain to be completely defined, therefore making
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it very difficult to reproduce them in vitro. On the other

hand, phenotyping is compromised by several aspects such

as: i) the lack of specificity of differentiation markers used

to evaluate the grade of differentiation achieved; ii) molecular

and functional heterogeneity of the starting MSC populations

used, which constitutes an additional variable for

consideration in efforts to ascertain the trans-differentiation

ability of cells, and finally iii) possible artifacts resulting from

the fact that the cells used have been removed from their

natural in vivo location and are subsequently grown in a

non-physiological, chemical ex vivo environment, and may

therefore undergo cytoskeletal and phenotypic alterations

that might be misinterpreted as a “true” trans-differentiation

phenomena17,59. For example, several studies have

described methods to direct MSCs to differentiate into

specific neuronal subtypes46, 47, however the positivity of

the results obtained has been questioned, given that

undifferentiated MSCs express a considerable repertoire

of neural genes, and therefore, the expression of these genes

after induction may not be the result of differentiation

(reviewed in17). In addition, some of the neural markers,

which have been analyzed, such as nestin, are not restricted

to neural tissues, but are also expressed in a variety of

mesodermal cell types17, 60, 61. Similar criticisms can be

applied to the interpretation of MSC trans-differentiation

toward the hepatogenic lineage in vitro. Indeed, the hepatic

differentiation markers often employed (such as tyrosine

aminotransferase, phosphoenolpyruvate carboxykinase and

liver-enriched transcription factors) are not “true”

hepatocyte markers, given that they are also expressed in

other somatic cells such as cells of the lung, intestine,

pancreas, and kidney, or are expressed by MSCs even

before induction of differentiation52,59,61-64.

In spite of such limitations, in vitro trans-

differentiation of MSCs has been demonstrated repeatedly,

and such studies have driven scientists to investigate the

potential of MSCs to “trans-differentiate” in vivo after

transplantation in animal models. For instance, Kopen and

co-workers65 were one of the first groups to demonstrate

that MSCs isolated from BM, when injected into the Central

Nervous Systems (CNS) of newborn mice, were able to

migrate throughout the forebrain and cerebellum without

causing disruption to the host brain architecture. Some of

these cells were shown to differentiate into astrocytes, as

well as engrafting into neuron-rich regions, suggesting that

neural differentiation had occurred. These results were

subsequently confirmed by other groups in vivo44,66-68.

Similarly, transplantation of MSCs derived mostly from BM

and adipose tissue has been shown to result in engraftment

in the heart and differentiation toward the cardiomyogenic

lineage69,70, while it has been shown that MSCs isolated

from different sources may also generate hepatocyte-like

cells in vivo (reviewed in59).

Despite these promising studies, doubts have again

been raised regarding interpretation of the positive

differentiation results reported. Indeed, the level of

engraftment observed in these studies is generally very low

and the differentiation achieved in vivo has not given rise to

fully mature cells and is often poorly characterized. These

limitations are likely due to problems with the cell delivery

strategies adopted in these studies (ie, local injection vs

intravenous/systemic administration), as well as to the often

questionable analysis undertaken on the phenotype of the

differentiated cells, and finally, to the fact that current tracking

techniques for the study of engraftment and differentiation

remain modest. Furthermore, some researchers suggest that

the morphological and phenotypic changes observed in

MSCs after transplantation are a result of fusion between

donor cells and host cells, rather than true trans-

differentiation71-73.

Even so, MSC-bases therapeutic approaches have

been tested in a range of animal models of human diseases

(followed also by testing in humans), for treatment of

conditions such as myocardial infarction, brain and spinal

cord traumatic injury, stroke and fibrosis.

For instance, much effort has been dedicated to

investigating whether MSC-based therapy may be beneficial

for the treatment of myocardial infarction/ischemia and heart

failure. Myocardial ischemia, whether acute or chronic,

triggers a cascade of events leading to cellular injury or
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death, resulting in the sending of signals that cause the

inflammatory phase which is characterized by macrophage

and neutrophil infiltration, subsequently leading to scar

formation, loss of structural integrity and cardiac mass, and

ultimately ending, in severe cases, in congestive heart

failure70,74. Under these conditions, self-regeneration

capacity is extremely limited58, 70. Considering that such injury

leads to a permanent loss of cardiac tissue with death of

cardiomyocytes, a large number of studies have been

performed to test the feasibility of MSC-based treatments

of such disorders, with the main aim of developing a

“regeneration approach”: ie, whereby transplanted MSCs

would engraft into host tissues and differentiate into new

cells with cardiomyocyte-like features and functions, thereby

correcting the heart failure through the replacement of dead

resident cells. By the time the studies to test this hypothesis

were conducted, MSCs were indeed thought to contribute

to tissue function by means of differentiation and

replacement mechanisms. Transplantation of MSCs into

post-infarct animal models was shown to improve post-

ischemic cardiac functions and trigger a reduction in infarct

size and, in some cases, to decrease mortality75-79.

However, one of the most intriguing observations was that

the transplanted cells frequently produced functional

improvement despite the small numbers of cells which were

seen to be engrafted in recipient heart tissues. Furthermore,

in many studies, the transplanted cells did not persist in the

recipient animals in the long term, while in other reports,

this factor was not even investigated. Meanwhile, some

authors showed that the in situ differentiation of transplanted

MSCs in the heart toward the cardiomyocyte lineage was

often incomplete, while in other cases, this was only partially

characterized or not assessed at all58,70. Iso and colleagues80

reported a significant improvement in cardiac function and

fibrosis after infusion of human MSCs into immunodeficient

mice with acute myocardial infarction, despite the fact that

no engrafted donor cells could be detected after 3 weeks

post-injection. Furthermore, Dai et al81, found that

allogeneic MSC transplantation into a rat myocardial

infarction model resulted in an improvement of global left

ventricular function at 4 weeks, and that donor cells survived

in the infarcted myocardium for up to 6 months, with

expression of markers that suggest that the transplanted

cells had differentiated toward muscle and endothelial

phenotypes, although without fully adopting an adult cardiac

phenotype, and not resulting in a visible replacement of scar

tissue with sheets of muscle cells. Intriguingly, the time needed

for the MSCs to differentiate toward the myogenic lineage

was longer than expected, while the therapeutic effects of

the injected MSCs were evident even before cells

expressing cardiac-specific markers could be detected, and

within a time frame that was too short to reflect the

occurrence of true regeneration. Therefore, the mechanisms

whereby transplantation of MSCs improved cardiac function

remained to be further investigated, but the authors

suggested that a transient paracrine mechanism may have

been at play. Strong support for paracrine actions of MSCs

in cardiac repair have come from studies performed by

Gnecchi and colleagues82, 83. In particular, these authors

demonstrated that the administration of conditioned (and

therefore cell-free) medium from MSCs over-expressing

Akt-1 (a prosurvival gene) in a rat model of coronary

occlusion resulted in a reduction in infarct size and cardiac

apoptosis, possibly through the release of paracrine factors,

such as VEGF (Vascular Endothelial Growth Factor), FGF-

2 (Fibroblast Growth Factor-2), HGF (Hepatocyte Growth

Factor), IGF-I (Insulin-like Growth Factor-1) and TB4

(Thymosin ß4)83. Since some of these factors could also

have proangiogenic activities, their paracrine functions may

have been responsible for inducing neovascularization in

the injured heart83,84.

      Our group has also recently hypothesized paracrine

mechanisms to explain the observation that application of

amniotic membrane fragments (known to also contain

MSCs) onto infarcted rat hearts significantly reduces

postischemic cardiac dimensional alterations and improves

myocardial function for up to at least 60 days after

ischemia85. Interestingly, in this study, no engraftment of

amniotic cells was detected in host cardiac tissues, suggesting

that the benefits observed may not have been related to
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engraftment of amniotic cells into the ischemic rat hearts,

but more likely, due to release of soluble factors that may

have modulated the ischemic inflammatory process, resulting

in prolonged survival of host tissue cells.

However, it is important to keep in mind that

“regeneration” and “repair” do not necessarily mutually

exclude each other. For instance, Amado and colleagues76

claimed that the cardiac improvements exerted by BM-

derived MSCs in pigs with myocardial infarction might be

the result of both mechanisms: trans-differentiation of

transplanted MSCs toward the cardiomyocyte lineage

(regeneration), as well as increased endogenous reparative

mechanisms (repair), potentially through the release of

factors such as VEGF, which is linked to both

neoangiogenesis86 and stem cell homing and migration87.

MSC-based therapy has also been investigated for

the treatment of several models of CNS diseases, affecting

both the brain [traumatic brain injury and cerebral infarct

(ischemic stroke)], and the spinal cord (traumatic spinal

cord injury)88. Although it has been suggested, as reported

above, that differentiation of MSCs into cells of neural

lineage may occur both in vitro and in vivo, in most of these

studies, regeneration through MSC trans-differentiation is,

once again, unlikely to be the major mechanism underlying

the observed functional recovery. Indeed, these studies

reported that in general, few of the transplanted MSCs

expressed astrocytic or neural markers, and these were

far too few in number to provide cellular replacement. In

particular, Mahmood and colleagues89 found that MSC

transplantation into a rat model of traumatic brain injury

resulted in increased endogenous cell proliferation and

improved functional recovery, with only few MSCs

observed to express neural markers. Conversely, in more

than one case, functional improvement was observed in

association with an increase (either locally or in the

cerebrospinal fluid) in the levels of soluble factors, such as

the neurotrophic factors NGF (Nerve Growth Factor),

BDNF (Brain-Derived Neurotrophic Factor)90,91, GDNF

(Glial cell line-Derived Neurotrophic Factor), activin A,

TGFb-1 (Transforming Growth Factor-1), and TGFb-292.

Similarly, intravenous administration of MSCs into a rat

model of stroke was shown to improve functional recovery,

increase FGF-2 expression, reduce apoptosis and promote

endogenous cellular proliferation93. Although results

regarding the use of MSCs for the treatment of spinal cord

injury remain controversial, many studies have provided

evidence that administration of these cells may also induce

functional recovery in this scenario, even when only a low

level of neural differentiation is documented88.

MSC-based approaches have also been explored

for liver disorders. Although much effort has been dedicated

to testing whether cell therapy using MSCs could be used

as a potential alternative to hepatocyte transplantation in

order to cure metabolic and acute liver diseases, with

debatable results obtained to date59,94, other authors have

been prompted to investigate whether MSCs, mainly BM-

derived, could be used for the treatment of chronic liver

disorders such as liver fibrosis. The results which have been

obtained so far are controversial (ie, reduction versus

enhancement of fibrosis), and open questions also remain

regarding the mechanisms involved95,96; however, at least

two possible mechanisms have been proposed for the

potential therapeutic function on liver fibrosis exerted by

MSCs: one implies their ability to engraft into the liver and

differentiate towards the hepatogenic lineage, therefore

participating in the regeneration of the endogenous

parenchyma; the other possible mechanism is related to

the ability of MSCs to produce or activate paracrine

mediators, such as IL-10 (Interleukin-10), TNF-α (Tumor

Necrosis Factor- α) and HGF, which lead to reduction/

modulation of fibrosis96,97. For instance, Parekkadan et al98,

have shown in vitro that MSCs produce IL-10 and TNF-

α, which may have inhibitory effects on proliferation of

Hepatic Stellate Cells (HSC) (one of the main sources of

ECM-producing myofibroblasts) and collagen synthesis,

while MSC-derived HGF was seen to be responsible for

a marked induction of HSC apoptosis. In addition, Chang

et al99, reported that, after the injection of human BM-

derived MSCs labeled with GFP into a rat model of liver

fibrosis [carbon tetrachloride (CCl4)-induced], liver fibrosis
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was significantly decreased and the degree of fibrosis

reduction paralleled the number of donor cells observed in

liver sections. Although these authors reported dubious

results regarding differentiation of MSCs into hepatocytes,

they also suggested that the observed decrease in fibrosis

could have been due to production by MSCs of Matrix

Metalloproteinases (MMP) with anti-scarring activity, as

well as HGF, which could have exerted anti-apoptotic

effects, thereby increasing hepatocyte proliferation.

Paracrine effects have also been hypothesized by Tsai et

al100, to explain an observed reduction in liver fibrosis in

the absence of differentiation of engrafted Wharton's jelly-

derived cells, which had been transplanted into rats with

(CCl4)-induced liver fibrosis, probably by inducing a

reduction in the expression of profibrogenic TGF-b1 by

biliary epithelial cells.

MSC-based Therapy for Immune-related Diseases :

Numerous studies have demonstrated that MSCs

are able to modulate the function of different immune cells

in vitro, in particular T lymphocytes and antigen-presenting

Dendritic Cells (DCs), which play a key role in the induction

of immunity and tolerance. Indeed, MSCs are able to

suppress T lymphocyte activation and proliferation in vitro.

This inhibition affects the proliferation of T cells after

stimulation by alloantigens101-103, mitogens104, as well as

activation of T cells by CD3 and CD28 antibodies103, 105.

Most studies in this regard have reported that MSCs exert

their suppressive function by means of soluble factors such

as TGF-b and HGF104, Prostaglandin E2 (PGE2)103 and

the tryptophan catabolizing enzyme Indoleamine 2,3-

Dioxygenase (IDO)106. MSCs may also modulate immune

responses through the induction of regulatory T cells107.

Moreover, MSCs have been demonstrated to interfere with

differentiation, maturation and function of antigen-presenting

DCs, likely by means of soluble factors such as IL-6

(Interleukin-6) and PGE2108-110. Furthermore, MSCs may

also modulate B-cell functions111,112 and affect the cytotoxic

Intriguingly, several studies suggest that MSCs may

exert their immunoregulatory functions specifically at sites

of inflammation. Indeed, it has been shown that when

MSCs are delivered intravenously in animal models, they

home preferentially to sites of inflammation, where they

respond to signals from the surrounding microenvironment

and perform local immunoregulatory actions (reviewed

in114). This “homing” ability has been attributed to the

expression of receptors for growth factors, chemokines

and extracellular matrix on the surface of MSCs, which

mediate the migration of these cells to the injured site115,116.

The immunosuppressive properties of MSCs have

been examined in vivo in a variety of animal models, as

well as in pre-clinical and clinical studies. Although the

mechanisms involved are only partially known and still under

study, they very likely involve both contact-dependent

mechanisms and production of soluble factors. To date,

MSC-based approaches have been investigated for the

treatment of alloreactive immunity (to reduce or prevent

graft rejection after cell and organ transplantation),

autoimmunity (to ameliorate experimental autoimmune

conditions, such as Multiple Sclerosis (MS) and Crohn's

bowel disease), and also tumor immunity.

In particular, significant studies in this field have been

performed for the treatment of the Graft Versus Host

Disease (GVHD), a life-threatening complication arising

after allogeneic BM transplantation. In this condition, cells

of the immune system, which are present in allogeneic donor

BM, recognize the recipient's cells as foreign, and attack

them, with a high risk of mortality. Interestingly, Le Blanc

and co-workers117 demonstrated that the infusion of

haploidentical MSCs into a patient with severe GVHD of

the gut and liver resulted in rapid recovery from acute

GVHD in the gastrointestinal tract and the liver.

Furthermore, other clinical studies have also applied MSC-

based treatments for patients with steroid-resistant, severe

acute GVHD in a multicentre, phase II experimental

study118, whereby transplantation was performed using

MSCs derived from the European Group for Blood and

Marrow Transplantation's ex-vivo expansion procedure.

activity of Natural Killer (NK) cells by the inhibition of

proliferation and cytokine secretion110, 113.
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More than half of the enrolled patients with steroid-

refractory acute GVHD responded to treatment with

MSCs, and no patients showed any side effects either

during or immediately after infusions of MSCs. Two years

later, just over half of those patients with a complete

response were still alive. Despite these promising results,

little is known about the mechanisms exploited by MSCs

to induce such beneficial effects, partly due to the fact that

few data are available concerning cell survival after

transplantation. Indeed, most data derived from animals

indicate short survival of MSCs after injection in vivo. Le

Blanc and colleagues117 suggested that the observed clinical

benefits might not require sustained engraftment of many

cells, but could instead result from production of growth

factors or temporary immunosuppression.

MSC-based approaches have also been tested

with success in rodent models of diseases such as MS and

diabetes, where immunomodulation is thought to be the

main operative mechanism119,120. For instance,

transplantation of MSCs has been shown to ameliorate the

conditions of mice affected by Experimental Autoimmune

Encephalomyelitis (EAE), a murine model of human MS,

which is a chronic inflammatory multifocal demyelinating

disease of the CNS that predominantly affects young

adults121-123. Zappia and colleagues121 demonstrated that

injection of MSCs in EAE-mice significantly reduced the

clinical severity of EAE, with a decrease in CNS

inflammation (suppression of effector T cells and induction

of peripheral tolerance, decreased infiltration of the CNS

by T cells, B cells and macrophages), induction of T-cell

anergy at the level of lymphoid organs where MSCs seemed

to engraft, and reduction of demyelination both in the brain

and spinal cord of treated mice. Recently, an MSC-based

therapy (intrathecal injection of autologous MSCs) has been

investigated for treating patients affected by MS) based on

the notion that MSCs can migrate locally into the areas of

lesions, where they have the potential to support local

neurogenesis and rebuilding of the affected myelin124, 125.

MSCs are also very attractive candidates for the

treatment of the Amyotrophic Lateral Sclerosis (ALS),

which represents another devastating and incurable

neurodegenerative disease targeting motor neurons and their

connections to muscle. Human MSC transplantation has

been shown to extend survival, improve motor performance

and decrease neuroinflammation in the SOD1(G93A)

mouse, a murine model of ALS126. MSC transplantation

has also been tested in patients with ALS in two Phase I

clinical trials, demonstrating that this procedure was safe

and well-tolerated and might be applicable in future cell-

based clinical trials for ALS; however, the lack of post

mortem data prevents any definitive conclusions regarding

the vitality of the MSCs after transplantation to be drawn127.

Potential Paracrine Effects of MSCs and the

Biologically Active Molecules Involved:

At this point in our discussion, it is perhaps worth

summarizing the putative paracrine effects of MSCs and

the corresponding molecules involved in these effects. To

this end, we can refer to classification of the group of

Caplan20, 128 which proposes that the paracrine effects of

MSCs should be divided into: i) anti-apoptotic effects,

through reduction/inhibition of apoptosis of resident cells,

therefore limiting the area of injury; ii) anti-fibrotic and anti-

scarring effects, by suppression of the inflammatory

response, modulating protease activity and production of

extracellular matrix; iii) angiogenic effects, through

promotion of angiogenesis and restoration of blood flow

around the damaged area; iv) supportive effects, by

stimulating proliferation and differentiation of endogenous

stem/progenitor cells and, finally, v) immunomodulatory

effects, through inhibition of the proliferation of CD8+ and

CD4+ T lymphocytes and NK cells, suppression of

immunoglobulin production by plasma cells, inhibition of

maturation of DCs and stimulation of regulatory T cell

proliferation.

Table 1 reports some of the molecules involved in

these processes and relative examples, even though the

roles of many of the bioactive molecules implicated remain

to be validated. These molecules may have pleiotropic

effects and their collocation in one of the above-mentioned
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Table 1 – Various Molecules with Properties and Paracrine Effect
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Paracrine Effect Molecule Properties Examples 

Anti-apoptotic VEGF Member of the 

platelet-derived 

growth factor 

family 

MSC-secreted VEGF decreases apoptosis of 

endothelial and tubular cells140 

Adipose tissue-derived MSCs secrete VEGF 

and prevents cardiomyocyte apoptosis141 

 

HGF Multifunctional 

factor: mitogenic, 

motogenic, 

morphogenic and 

anti-apoptotic 

MSC-secreted HGF decreases apoptosis of 

endothelial and tubular cells140 

Adipose tissue-derived MSCs secrete HGF142 

MSC-secreted HGF may decrease apoptosis 

and increase hepatocyte proliferation99 

 
IGF-1 Insulin-like 

hormone 

Adipose tissue-derived MSCs secrete IGF-1 

and prevents cardiomyocyte apoptosis141,142  

Anti-fibrotic and 

anti-scarring 

HGF Multifunctional 

factor 

HGF antagonizes the pro-fibrotic actions of 

TGF-β by intercepting Smad signal 

transduction143 

Adipose tissue-derived MSCs secrete HGF 

contributing to suppression of fibrogenesis144 

 
IL-10 Cytokine MSC-secreted IL-10 may inhibit HSC 

proliferation and collagen synthesis98  

 
TNF-αααα Cytokine MSC-secreted TNF-α may modulate HSC 

proliferation and collagen synthesis98  

 

MMP Zn(++)-

endopeptidases 

able to degrade 

ECM 

BM-MSCs express MMP resulting in a 

significant reduction in liver fibrosis99  

Supportive HGF Multifunctional 

factor 

MSCs-secreted HGF stimulates proliferation 

of surviving cells140  

 
LIF Interleukin 6 class 

cytokine 

BM-derived MSCs express LIF and support 

hematopoiesis in vitro145  

 
SCF Cytokine that 

binds c-Kit 

BM-derived MSCs express SCF and support 

hematopoiesis in vitro145 

 
IL-6 Cytokine BM-derived MSCs express IL-6 and support 

hematopoiesis in vitro145 

 
M-CSF Cytokine BM-derived MSCs express M-CSF and 

support hematopoiesis in vitro145 

 
FGF-2 Member of the 

fibroblast growth 

factor family 

MSCs increase FGF-2 expression and 

promote endogenous cellular proliferation 

after stroke93 

 
   

 
   



Abbreviations: VEGF: Vascular Endothelial Growth Factor; HGF: Hepatocyte Growth factor; IGF-1: Insulin-like

Growth Factor-1; IL-10: Interleukin-10; IL-6: Interleukin-6; TNF-á: Tumor Necrosis Factor-á; MMP: Matrix

MetalloProteinases; LIF: Leukemia Inhibitory Factor; SCF: Stem Cell Factor; M-CSF: Macrophage Colony-

Stimulating Factor; FGF-2: Fibroblast Growth Factor-2; MCP-1: Monocyte Chemoattractant Protein-1; PIGF:

Placenta Growth Factor; PGE-2: Prostaglandin E2; TGF-b: Transforming Growth Factor-b; IDO: Tryptophan

catabolizing enzyme Indoleamine 2,3-Dioxygen; iNOS: Inducible Nitric Oxide Synthase; HSC: Hepatic Stellate Cells;

ECM: Extra Cellular Matrix.

 

Paracrine 

Effect 

Molecule Properties Examples 

Angiogenic FGF-2 Member of the 

fibroblast growth 

factor family 

FGF-2 promotes angiogenesis directly or 

indirectly, by upregulating VEGF146 

MSC-secreted FGF-2 enhances proliferation 

of endothelial and smooth muscle cells147 

 

VEGF Member of the 

platelet-derived 

growth factor family 

MSC-secreted VEGF enhances proliferation 

of endothelial cells147 

MSC transplantation induces VEGF and 

neovascularization in ischemic 

myocardium148 

 

MCP-1 Small cytokine of 

the CC chemokine 

family 

MSCs secrete MCP-1149 

Chemoattractant protein that helps the 

migration of endogenous stem cells to 

injured sites146 

 
IL-6 Cytokine MSCs secrete IL-6149 

IL-6 induces the expression of VEGF150 

 
Angiogeni

n 

Heparin binding 

protein of the 

RNAse superfamily 

Induces new blood vessel formation151 

Conditioned medium from MSCs contains 

angiogenin149 

 
PIGF Member of the 

VEGF sub-family 

PIGF promotes prenatal and postnatal 

angiogenesis146 

BM-MSCs secrete PIGF147 

Immunomod-

ulatory 

PGE-2 Lipid compund of 

the prostanoid class 

of fatty acid 

derivatives 

MSCs constitutively produce PGE2103 

PGE-2 modulates the MSC effects on T 

cells and NK and DCs110,152 

 

TGF-ββββ Cytokine Mediator for suppression by MSCs of T cell 

proliferation104 

Responsible for MSC-mediated inhibition 

of NK proliferation152 

 
HGF Multifunctional 

factor 

HGF mediates anti-proliferative effects of 

MSCs on T cells104 

 
IDO Immunomodulatory 

enzyme 

IDO mediates suppression of T-cell 

proliferation by MSCs106 

 
iNOS Member of Nitric 

Oxide Synthases 

family 

iNOS mediates suppression of T-cell 

proliferation by MSCs153 
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groups of paracrine effects rather than another is not

restrictive. Moreover, it has recently been proposed that,

besides soluble factors, cell-derived microvesicles,

consisting of proteins and lipids that may also contain nucleic

acids (mRNA, miRNA and DNA), might also represent a

new mechanism of cell-to-cell communication through which

paracrine effects may be exerted, with the transfer of signals

and molecules from one cell to another even over long

distances129,130.

      Although classification of paracrine effects and

molecules could help in our understanding of this complex

area of investigation, we are still far from understanding all

of the mechanisms and molecules involved. Moreover, it is

important to underline the fact that the molecules and

mechanisms proposed should not be seen as separate actors

in the paracrine actions exerted by MSCs, but rather, these

actions should be viewed as the results of a combination of

factors and mechanisms that work in concert to modulate

the molecular composition of the local tissue environment

to evoke responses from resident cells.

MSC-based Therapy and Clinical Trials:

Interestingly, in the last decade, the number of

clinical trials using exogenous MSCs to treat a wide range

of damaged, diseased or inflamed tissues has been rapidly

increasing. Indeed, a quick search of the site

www.clinicaltrials.com using “mesenchymal stem cells” or

“mesenchymal stromal cells” as a search query, and

selecting only “interventional studies” (studies where

individuals are assigned to receive specific interventions)

and “biological interventions”, returns 41 trials (2

completed, 5 active, 21 recruiting and 13 not yet recruiting),

all of which are aimed at curing different types of conditions,

from cardiovascular diseases to those affecting the kidneys,

liver and pancreas. Even more intriguing is the fact that,

while some trials implicate the importance of MSC

differentiation (i.e. for skeletal diseases), most of the trials

seem to prevalently rely on the paracrine effects of MSCs

rather than on their differentiation abilities, therefore

update see131).

Little is known regarding the in vivo survival of

MSCs after transplantation or their possible long-term

adverse effects, such as ectopic tissue formation, malignant

transformation and immunogenicity. In this regard, Breitbach

and co-workers have observed calcifications in the infarcted

hearts of mice that had received local MSC treatment132.

Meanwhile, although no in vivo transformation or tumor

formation has been observed in MSC treated patients,

considering that most in vivo applications using MSCs are

performed using in vitro cultured and expanded cells, we

cannot exclude the possibility that such in vitro manipulation

may negatively alter the characteristics of these cells and

induce a malignant transformation in vivo133-135. Finally,

although MSCs are considered to have absent or low

immunogenicity, recent evidences indicate that, under

appropriate conditions, these cells can function as antigen

presenting cells and activate immune responses, thereby

eliciting their rejection136-138. Therefore, further controlled

studies are required to address these concerns regarding

the safety of MSC for development of cell therapy

approaches.

Conclusions:

From this escursus of the current literature in the

field, it is evident that the range of potential applications of

MSCs in cell-based therapeutic approaches has evolved

and broadened to include not only their ability to replace

cells through differentiation, but also on their ability to secrete

biologically active molecules that exert beneficial effects

on other cells and on the microenvironment which they

occupy20,139.

Although many of the observations from pre-clinical

models that support the beneficial effects of MSC-based

approaches represent something of a “jigsaw puzzle”, with

many pieces still to be put together, and despite the many

gaps remaining in our understanding of the mechanisms

involved and possible long-term consequences of MSC

transplantation, scientists continue to pursue clinical

highlighting this new possible repertoire for therapy (for an

MULTIPOTENT MESENCHYMAL STROMAL CELL-BASED THERAPIES  –  CARUSO  AND  PAROLINI    29



experiences and to test innovative approaches using these

cells.

      Meanwhile, although the original optimism for

application of MSCs for tissue regeneration (regenerative

medicine) has decreased in recent years, we are now

beginning to appreciate a new facet regarding the potential

of these cells in the clinical arena, with the concept of

Reparative Medicine vs Regenerative Medicine. While the

application of MSCs along either of these two lines entails

the employment of differing logics and the design of different

therapeutic protocols, future studies will no doubt show

the importance, to differing degrees, of both of these aspects

in the development of MSC-based cell therapies for treating

a wide range of human conditions.
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Epithelial Cyst in an Ectopic Spleen – A Case Report

Sanjay Maitra1, Md Sadakkas Ali2, Hena Kawsar3, Sabyasachi Basu4

Abstract:

Ectopic spleen and splenic cysts, both are very rare on their own and the rarest is the cysts in ectopic spleen.

A 22-year-old female of average built presented with a mobile 25 cm x 20 cm painless smooth lump in the abdomen.

She was anaemic and ultrasonography and CECT abdomen revealed cystic lesion involving  left iliac  region. Spleen

was not visualised. Hydatid serology was negative. Exploratory laparotomy revealed the lump to be an ectopic

spleen with a huge cyst within it. Splenectomy was done. Histopathology revealed the cyst to be primary epithelial

cyst. Postoperative course was uneventful. Ectopic spleen occurs because of either extreme laxity or absence of the

normal ligaments of the spleen. The most common age of presentation is childhood especially under one year of age

followed by the 3rd decade of life, and more frequently females of reproductive age. Cyst in spleen can be parasitic,

primary, secondary which are usually post-traumatic. Clinical manifestations vary from asymptomatic to abdominal

emergency. Complications related to torsion, compression of another organ by the spleen or its pedicle and

susceptibility of the spleen to trauma are quite common. Investigations may reveal hypersplenism or functional

asplenia or positive hydatid serology in hydatid cyst. Ultrasonography, nuclear scintigraphy, CT or MRI can confirm

the diagnosis, location, nature and relations with surrounding structures. Ectopic spleen ideally should be treated

with laparoscopic splenectomy or splenopexy. Splenectomy successfully cured the patient.

Introduction:

Isolated ectopic spleen and isolated splenic cysts,

both are very unusual in everyday surgical practice. Cysts

in ectopic spleen are rarest. Ectopic spleen occurs because

of either extreme laxity or absence of the normal ligaments.

Cyst in spleen can be parasitic, primary and secondary1-3.

Torsion is a frequent complication necessitating emergency

management. Treatment options for ectopic spleen are

splenopexy or splenectomy4. The treatment for splenic cyst

has changed drastically from total splenectomy in the past

to splenic preservation methods. It is not possible to know
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the exact treatment of cyst in ectopic spleen as it is rarest.

Herein, a case of a huge primary epithelial cyst in an ectopic

spleen is reported which was treated with splenectomy.

Case Report:

A 22-year-old female, mother of 2 children of 6 years

and 2 years, average built, complained of progressive

discomfort and fullness of abdomen for over 2½ years. She

had also complained of gradual onset of abdominal swelling.

There was also heaviness in the left iliac fossa. The patient

presented her at a rural set up at Rampurhat, Birbhum. On

examination, she was found mildly anaemic and the

abdominal examination revealed a mobile 25 cm x 20 cm

painless smooth lump moving with respiration and was cystic

in consistency. Per rectal examination revealed the mass

was separated from adnexa. Her haemoglobin level was

9.7 g/dl. Ultrasonography of abdomen revealed cystic lesion

involving left lumbar and left iliac region. Spleen was not

visualised. Provisional diagnosis considered was mesenteric

cyst, ovarian cyst, omental cyst and ectopic kidney.

Contrast enhanced CT (CECT) showed well defined 25

cm ×20 cm cystic lesion and spleen was absent. Hydatid

serology was negative. She was diagnosed to have ectopic

spleen with cystic lesion. As the patient attended a rural set

up, and as there was no facility for laparoscopic surgery,

so she had exploratory laparotomy. The incision was in the

midline and the lump was to be an ectopic spleen with a

huge cyst within it replacing the whole splenic parenchyma

(Fig 1). Splenectomy was done. Cystic fluid revealed no

malignant cells. Histopathology revealed that cyst wall was

composed of stratified squamous and cuboidal epithelium,

characteristics of primary epithelial cyst. Postoperative

course of patient was uneventful and she was discharged

on 6th postoperative day.

Discussion:

spleen are rarely diagnosed clinical entity. But cysts in

ectopic spleen are the rarest presentation. It is assumed

that less than 500 cases with recurrent abdominal pain or

Individually ectopic spleen and splenic cyst of the

Fig 1 – The Resected Specimen of Spleen with a Cyst

abdominal emergency caused by an ectopic spleen have

been reported in the literature. Moreover, splenectomy for

treatment of an ectopic spleen accounts for less than 0.25%

of splenectomies in reported series5. The most common

age of presentation is childhood especially under one year

of age followed by the 3rd decade of life, and is more

frequently seen in females of reproductive age6.

Ectopic spleen occurs because of either extreme

laxity or absence of the normal ligaments. It occurs most

probably as a result of congenital anomalies in the

development of the dorsal mesogastrium and the absence

or malformation of the suspensory ligaments. Splenomegaly

and pregnancy are thought to contribute to the laxity of the

supporting structure by direct effect of gravity and oestrogen

respectively7.

Cystic changes of the spleen are very rare. Cyst in

spleen can be parasitic (hydatid), primary (true, epithelial),

lined by an epithelial cover or endothelial cover and

secondary (pseudocysts, non-epithelial), which are usually

of post-traumatic origin1-3. Most true splenic cysts are
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epithelial in origin and have embryonic inclusion of epithelial

cells from adjacent structures8. Another postulation is that

congenital cysts arise from normal lymph spaces in the

spleen. Splenic epithelial cysts occur predominantly in the

second and third decades of life9.  Histologically, epidermoid

cysts have a squamous epithelial lining with intracellular

bridges and a thick collagenous wall. The cystic fluid may

contain cholesterol crystals, protein particles, or breakdown

products of haemorrhage.

Clinical manifestations of ectopic spleen and splenic

cysts vary from asymptomatic to abdominal emergency.

Complications related to torsion, compression of another

organ by the spleen or its pedicle and susceptibility of the

spleen to trauma are quite common. Symptoms are most

commonly attributed to complications related to torsion or

mass effects10. More frequently, patients are admitted due

to a non- specific chronic pelvic pain related to splenomegaly

or pressure on adjacent organs. The most common physical

finding is a palpable lower abdominal mass representing

the abnormally enlarged spleen.

Laboratory tests may occasionally reveal evidence

of hypersplenism or functional asplenia. Hydatid serology

may be positive in hydatid cyst of spleen. Definitive diagnosis

is reached by imaging modalities. Ultrasonography, nuclear

scintigraphy, CT or MRI can confirm the diagnosis of an

ectopic spleen11, splenic cysts, its location, nature and

relations with surrounding structures.

Operative management is the treatment of choice for

ectopic spleen because conservative treatment of an

asymptomatic ectopic spleen is associated with a

complication rate of 65%12. Ideally it should be treated with

laparoscopic splenectomy because it is generally free from

attachments and other organs. Splenopexy has been

successful in preventing complications of ectopic spleen

while preserving the splenic function. Partial infarction of

an ectopic spleen necessitating partial splenectomy and

splenopexy or splenectomy and splenic implantation has

been reported in the literature13. For splenic cyst the optimal

treatment options are partial splenectomy, total cystectomy,

marsupialisation, or cyst decapsulation (unroofing),

accessed either by open laparotomy or laparoscopy14.

In these myriad of treatment options we could not

get any recommendation for the paucity of literatures on

this rarest presentation of primary epithelial cyst in an ectopic

spleen. We went for splenectomy after consensus and the

patient is doing well till now for two years.

Conclusions:

The present report was referred to a rarest

presentation of cyst in an ectopic spleen. Presentation was

relatively rapid over 6 months and was more like ectopic

spleen than splenic cyst. Diagnostic modalities were the

same. Exact operative modality was not clear.
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