
863

Int J Ophthalmol,    Vol. 16,    No. 6,  Jun.18,  2023         www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

·Clinical Research·

Assessment of the effects of intrastromal injection of 
adipose-derived stem cells in keratoconus patients

Shahrokh Ramin1, Ali Abbasi1, Masoumeh Ahadi2, Lina Moallemi Rad3, Farzad Kobarfad4

1Department of Optometry, School of Rehabilitation Sciences, 
Incubation Center for Pharmaceutical Technology (ICPT), 
Shahid Beheshti University of Medical Sciences, Cell Therapy 
Department, Red Crescent Pharmaceutical and Clinical 
Complex, Tehran 1616913111, Iran
2Student Research Committee and Department of Optometry, 
School of Rehabilitation Sciences, Shahid Beheshti University 
of Medical Sciences, Tehran 1616913111, Iran
3Department of Molecular and Cell Biology; Faculty of Basic 
Sciences, University of Mazandaran, Babolsar 4561745735, Iran
4Department of Medicinal Chemistry, Shahid Beheshti School 
of Pharmacy, Tehran 4516745735, Iran 
Correspondence to: Masoumeh Ahadi. Student Research 
Committee and Department of Optometry, School of 
Rehabilitation Sciences, Shahid Beheshti University of Medical 
Sciences, Tehran 1616913111, Iran. sepid01@yahoo.com; Ali 
Abbasi. Department of Optometry, School of Rehabilitation 
Sciences, Incubation Center for Pharmaceutical Technology 
(ICPT), Shahid Beheshti University of Medical Sciences, 
Cell Therapy Department, Red Crescent Pharmaceutical and 
Clinical Complex, Tehran 1616913111, Iran. Ali_biochem@
yahoo.com
Received: 2022-12-14        Accepted: 2023-04-03

Abstract
● AIM: To evaluate the efficacy and safety of intrastromal 
transplantation of adipose-derived stem cells (ASCs) in 
keratoconus patients.
● METHODS: This study was conducted on 8 eyes of 
8 patients with moderate to severe keratoconus. In the 
patients, ophthalmic assessments including visual acuity, 
refraction, slit lamp examination, fundoscopy, corneal 
topography, and confocal microscopy were performed. 
Autologous stem cells were used. The isolated stem cells 
were injected into the corneal stroma by using femtosecond 
laser. Surgical procedure was similar to intracorneal ring 
implantation. All patients were re-assessed 1, 3, and 6mo 
after surgery.
● RESULTS: The baseline mean visual acuity was 
0.48±0.18 and improved to 0.66±0.17 after surgery 
and final acuity increased by 1.85±0.80 lines (P=0.001). 

The mean spherical refraction of patients improved 
0.34±0.35 D (P=0.039), and the mean cylindrical 
refraction of patients improved 0.84±0.23 D (P=0.016). The 
mean flat keratometry decreased 0.78±0.71 D (P=0.017), 
and the mean steep keratometry decreased 0.59±0.68 D 
(P=0.023). The mean central corneal thickness of patients 
improved of 6.29±4.47 μm (P=0.03). The mean keratocyte 
density at the anterior and middle stroma of cornea 
increased (P<0.05) but remained stable at the posterior 
stroma after 6mo. All patients had no complications and 
their corneas remained transparent. 
● CONCLUSION: Intrastromal transplantation of ASCs has 
positive effects on vision and refractive parameters in most 
patients with keratoconus. After six months, visual acuity 
improved moderately, corneal parameters reduced slightly, 
and stromal keratocytes density increased. This modality is 
safe, and patients do not have any complications.
● KEYWORDS: adipose-derived stem cells; stromal 
keratocyte; cellular therapy; keratoconus
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INTRODUCTION

T he middle component of the cornea or stroma is 
responsible for 90% of corneal thickness, which contains 

keratocytes, collagen fibers and glycosaminoglycans[1]. 
Keratocytes play the leading role in the corneal transparency, 
wound healing, and stromal crystallin synthesizing[2]. 
Stromal diseases lead to keratocyte apoptosis, corneal shape 
abnormalities, stromal scarring, visual impairment, and 
blindness[3]. Keratoconus is a common and noninflammatory 
stromal disease. Keratoconus causes mild to severe blurring 
of vision due to irregular astigmatism, which sometimes 
cannot be corrected with glasses and even the use of 
lenses is problematic[4]. Corneal transplantation is the gold 
standard treatment for severe visual impairment[5]. Although, 
corneal transplantation is the most successful types of tissue 
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graft worldwide, it is complex process with postoperative 
complications[6]. One study by Gain et al[7] showed that 
there is only one cornea out of the 70 needed for corneal 
transplantation. Additionally, more than half of the world’s 
population had no access to corneal transplantation. In recent 
years, new modalities such as collagen crosslinking, new 
refractive and keratoplasty procedures, have been presented 
according to the visual loss and severity of keratoconus, but 
these methods also have problems and not useable in all cases[8]. 
Therefore, finding alternatives to corneal transplantation, such 
as stem cell use and tissue engineering, is essential.
Adipose-derived stem cells (ASCs) are one type of adult stem 
cells. ASCs are an abundant source of mesenchymal stem cells 
(MSCs) and can be obtained from subcutaneous adipose tissue 
through minimally invasive methods[9]. Various in vitro studies 
have shown that ASCs can differentiate into different cell 
classes and have a wide application prospect in the field of cell 
therapy and regenerative medicine[10-11]. The ease of isolation, 
proliferation and autologous nature of mesenchyme cells make 
them a good candidate for cellular therapy[12-13]. 
ASCs have shown great potential in corneal cell-based 
therapies in experimental models. After transplantation of stem 
cells into the cornea, these cells differentiated into keratocytes 
and produced new stromal collagen without inflammatory 
or immune response[14-15]. These cells could even reconstruct 
previous corneal scars and maintain their transparency due 
to their immunological properties similar to those of the host 
cornea[16-17]. ASCs secrete various growth factors that are 
effective in healing corneal ulcers, stimulating cell migration, 
inhibiting keratocyte apoptosis, and increasing extracellular 
matrix expression[18]. The animal studies showed promising 
results of the efficacy of stem cells transplantation in treatment 
of corneal stroma[17-18].
Therefore, the present study was designed to evaluate the 
efficacy and safety of transplantation of autologous ASCs in 
patients with keratoconus.
SUBJECTS AND METHODS
Ethical Approval  This study was performed after approval by 
the Human Ethics Committee of Shahid Beheshti University of 
Medical Sciences (No.IR.SBMU.REC.1399.024). Under the 
principles of Helsinki Declaration and detailed explanation of 
our study, the consent form was received from all participants.
Population and Samples  Nine patients referred to the eye 
clinic in Dr. Ramin Eye Clinic in 2021-2022 were included in 
this study. All participants were healthy and had no systemic 
disease or history of rheumatic, autoimmune or malignant 
disease. The patients had a free personal and family history. 
There were no abnormalities on the physical examination. 
Overall, there were no abnormalities on the routine blood and 
urine tests.

Patients were over 18 years old with moderate to severe 
keratoconus with reduced best corrected visual acuity (BCVA) 
of less than 20/25. According to the RETICS keratoconus 
classification[19], diagnosis of keratoconus approved on the 
basis of clinical findings and Pentacam data. Exclusion criteria 
were BCVA of 20/200 or less in the other eye, previous 
corneal surgeries, ocular disease such as severe dry eye, 
delayed epithelial healing and any inflammatory eye surface 
process, uveitis, cataract, retinal diseases, glaucoma, a history 
of immunodeficiency or immunosuppressive therapy, and 
pregnancy or breastfeeding. 
Examinations  In patients who had met the study criteria, 
a completed ophthalmic examination including assessment 
of refraction, slit lamp examination, and fundoscopy are 
performed. BCVA is measured and recorded by Snelln E chart 
at a distance of 6 meters. Evaluation of objective refraction 
status and keratometric findings by Topcon autorefractometer 
(KR 8800, Topcon, Japan) were performed and the findings 
would be confirmed by Heine Beta 200 retinoscope (Germany). 
To determine the best optical correction, subjective refraction 
and corrected visual acuity will be measured and recorded. 
Corneal topographic assessments are by the Sirius Scheimpflug 
Analyzer (CSO, Costruzione Strumenti Oftalmici, Italy) by 
the same device. Corneal cellular structure assessments were 
performed using confocal biomicroscopy (Nidek Technologies, 
Japan).
Cell Culture  Stem cells were prepared from adipose tissue in 
the abdomen, for which standard liposuction was performed 
by a specialist. After local anesthesia, approximately 25 mL 
of adipose tissue was removed and washed with phosphate-
buffered saline (PBS; Gibco), containing 1% penicillin-
streptomycin (Gibco) and digested in collagenase I solution 
at 37℃ for 45min, then collagenase activity was inhibited 
by adding of autologous human serum extracted from each 
patient. Erythrocytes were lysed by erythrocyte lysis buffer 
(Gibco-Life Technologies, Waltham, MA, USA). The pelleted 
cells are then cultured in DMEM medium (Gibco) including 
glutamax and sodium pyruvate, 10% autologous human serum, 
1% penicillin-streptomycin, 2% amphotericin. Detection 
of MSCs was performed using CD73+, CD45-, CD90+, and 
CD105+ markers. About 60 to 80h before surgery, to resemble 
the physiological conditions of stroma keratocytes, the human 
serum stem cells were rested by reducing the human serum 
concentration to 0.5%. The isolated stem cells were ready for 
injection into the corneal stroma.
Cell Surface Antigens of Adipose-Derived Stem Cells  Cell 
surface markers of ASCs at the third cell passage were assayed 
by flow cytometry. Our assessments showed that ASCs in 
our study positively expressed high levels of cell antigens 
of CD73, CD90, and CD105, but presented low levels of 
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CD45 antigen (Figure 1). Based on these cellular markers, 
the phenotypes of the harvested ASCs were nearly consistent 
with previously reported ASCs obtained using the traditional 
collagenase digestion method. These assessments confirmed 
that the cells derived from pieces of adipose tissue were ASCs. 
These cells included a homogeneous population of ASCs 
without contamination with endothelial cells, pericytes and 
smooth muscle cells.
Intrastromal Injection  Surgical procedure was similar 
to intracorneal ring implantation. After local anesthesia of 
the cornea, using femtosecond laser (Technolas 520F), an 
intrastromal pocket was created in the corneal stroma with a 
diameter of 7.5 mm and a depth of half of the cornea according 
to pachymetry findings. A 30 degrees anterior side cut incision 
was made. The femtosecond laser parameter settings were 
similar to the ones used for intracorneal ring implantation. The 
corneal intrastromal pocket was opened with a Morlet lamellar 
dissector (Duckworth & Kent, England). A volume of 1 mL of 
a solution containing 3×106 cells is injected into the stromal 
pocket. Finally, a bandage contact lens was fit on the cornea to 
close the incisions, which are removed a week after surgery. 
After surgery to prevent the inflammation and infection, 
antibiotic eye drops (chloramphenicol 0.5% q.i.d.) and anti-
inflammatory eye drops (betamethasone 0.1% q.i.d.) were 
prescribed for patients for 2 to 4wk depending on the degree of 
recovery. Our patients did not show any complications, corneal 
transplantation is performed if patients develop complications 
such as edema and corneal opacity after surgery. Follow-up 
examinations, one, three and six months after surgery for re-
evaluation and all initial eye examinations are performed for 
them. In this plan, forms have been prepared in which the 
information of each patient is recorded separately and in the 
number of visits, and after collection, the findings of patients 
before and after treatment are compared and evaluated.
Statistical Analysis  Data were analyzed by SPSS software 
version 22. The normal distribution of data assessed with 

the Shapiro-Wilk test. Because of the small size of the study 
sample (n=8), Wilcoxon tests were used to analysis. P<0.05 
was considered statistical significance.
RESULTS
In this study, 9 subjects (all males) with the mean age of 
30.00±4.96y (range 22-35y) participated. All patients had 
moderate to severe keratoconus, and they had no history 
of other modality treatment such as cross linking and ring 
implantation. In all patients, surgeries were performed without 
any intraoperative complication. Eight patients completed the 
6-month follow-up, but one patient did not have a 6-month 
follow-up examination, so this patient was excluded from 
further analysis. A summary of patients’ information before 
and after ASCs transplantation is in Tables 1 and 2.
Slit Lamp Biomicroscopy  All patients had no complications 
after transplantation of ASCs and their corneas were 
transparent and similar to normal corneas. A 6-month follow-up 
examination showed no evidence of infection, inflammation, 
scarring, rejection of cells, and other side effects.
Visual Acuity  In the majority of patients, visual acuity 
improved moderately, and none experienced visual loss. 
The mean BCVA of subjects was 0.48±0.18 (range 0.20 to 
0.70 Snellen) and improved to 0.59±0.17 (range 0.40 to 0.80 
Snellen) and 0.66±0.17 (range 0.40 to 0.90 Snellen) after 
three and six months (P=0.001). BCVA of subjects increased 
1.85±0.80 lines (range 0 to 3 lines Snellen) after 6mo. Visual 
acuity increased between 1-2 lines in 5 eyes (75%) and 3 lines 
in 2 eyes (23%) and remained stable in 1 eye (12%).
Refractive Findings  Six months after ASCs transplantation, 
all refractive parameters showed an overall reduction, 
presenting a mean sphere improvement of 0.34±0.35 diopter 
(D), and a mean cylinder reduction of 0.84 ±0.23 D. The 
mean spherical refraction was -2.25±2.92 D (range -7.00 
to +1.00 D) primarily and decreased -2.00±2.60 D (range 
-6.00 to +1.00 D) and -1.90±2.63 D (range -6.00 to +1.00 D) 
after 3, and 6mo respectively (P=0.039). The mean cylindrical 

Figure 1 Immunophenotyping of adipose-derived stem cells (ASCs)  Immunophenotypic characterization of cells was performed by flow 

cytometry using the monoclonal antibodies. Positive markers: ASCs strongly expressed CD73 (99.2%, A), CD90 (99.7%, B), and CD105 (95.1%, C); 

Negative marker: did not express CD45 (1.24%, D).
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refraction was -4.06±1.86 D (range -6.00 to -2.00 D) primarily 
and decreased -3.69±2.18 D (range -6.00 to -1.00 D) 
and -3.34 ±2.04 D (range -6.00 to -1.0 D) after 3, and 6mo 
respectively (P=0.016).
Topography Findings  Six months after surgery, all 
keratometric parameters of patients showed a slight decrease, 
presenting a mean flat keratometry (K1) improvement of 
0.78±0.71 D, a mean steep keratometry (K2) deterioration 
of 0.65±0.64 D and a mean maximum keratometry (Kmax) 
reduction of 0.32±0.78 D. The mean K1 was 46.52±3.70 D 
(range 42.86 to 53.25 D) primarily and decreased 45.78±3.44 D 
(range 42.66 to 52.50 D) after 6mo (P=0.017). The mean K2 
was 51.37±2.94 D (range 46.68 to 54.25 D) primarily and 
decreased 50.65±2.69 D (range 46.17 to 53.50 D) after 6mo 
(P=0.023). The mean Kmax was 55.45±5.55 D (range 48.50 
to 61.70 D) primarily and decreased 55.11±5.31 D (range 
48.75 to 61.00 D) after 6mo (P=0.271). Also, the mean corneal 

astigmatism of the patients was -5.86±2.26 D (range -9.70 to 
-3.81 D) which was -5.29±2.26 D (range -8.50 to -2.27 D) after 
6mo (P=0.028). In general, keratometric parameters decreased 
in 6 eyes (75%), remained stable in 1 eye, and increased in 1 
eye. The mean preoperative central corneal thickness (CCT) 
was 419.00±42.07 μm, which reached to 425.63±39.90 μm 
after 6mo (P=0.030). The mean CCT of patients improved 
of 6.29±4.47 μm (range -7.00 to 13.00 μm). Although the 
thickness showed an increase in seven of the patients, it 
decreased by 7 μm in one of them (Figure 2). The mean 
corneal volume in 10 mm of cornea was 51.68±3.61 mm3 
and after treatment was 52.15±3.54 mm3 (P=0.025). Corneal 
aberrometry with 5 mm pupil decreased in the spherical 
aberration, coma and total higher order aberrations (HOA) 
in all patients except one patient, who corneal aberrometry 
increased. Spherical aberration decreased from 2.98±0.83 
(range 1.68 to 4.21) to 2.80±0.66 μm (range 1.92 to 3.77) 6mo 

Table 1 Intrastromal injection of adipose-derived stem cells (ASCs) in keratoconus patients

Parameters Baseline 6th month P
Best corrected visual acuity (Snellen) 0.48±0.18 0.66±0.17 0.001
Spherical refraction (D) -2.25±2.92 -1.90±2.63 0.039
Cylindrical refraction (D) -4.06±1.86 -3.34±2.04 0.016
Flat keratometry (D) 46.52±3.70 45.78±3.69 0.017
Steep keratometry (D) 51.37±2.94 50.65±2.69 0.023
Central corneal thickness (µm) 419.0±42.0 425.6±39.9 0.030
Spherical aberration 2.98±0.83 2.80±0.66 0.091
Total higher order aberrations 1.90±0.90 1.78±0.82 0.068
Keratocyte density at anterior stroma (cell/mm2) 1153±169 1156±169 0.013
Keratocyte density at middle stroma (cell/mm2) 837±61 840±60 0.012
Keratocyte density at posterior stroma (cell/mm2) 789±45 789±45 0.933

Table 2 Information of each patient pre- and post ASCs transplantation

Patient No. Age 
(y) Times BCVA 

(Snellen)
Refraction (D) Keratometry (D) CCT 

(µm)
Total 
HOA

Density of stromal keratocytes (cell/mm2)
Sph. Cyl. Flat Steep Anterior Middle Posterior

1 34 Preop. 0.5 0.00 -6.00 44.50 51.50 406 1.62 1147.0 908.0 938.4
Postop. 0.7 0.00 -5.00 43.00 50.50 414 1.50 1150.8 910.0 839.0

2 32 Preop. 0.3 -6.50 -6.00 44.50 54.25 407 2.67 1008.1 888.3 848.4
Postop. 0.5 -6.00 -5.00 44.00 53.50 412 2.48 1009.0 891.1 850.0

3 24 Preop. 0.6 -1.00 -2.00 48.75 53.00 424 2.67 1378.3 798.5 768.5
Postop. 0.8 -1.00 -1.00 48.00 52.00 437 2.55 1380.0 800.0 769.0

4 22 Preop. 0.6 -1.50 -2.00 49.80 54.00 413 2.45 1327.5 808.5 788.5
Postop. 0.9 -1.00 -1.00 47.90 53.00 420 2.35 1329.8 810.3 788.4

5 35 Preop. 0.7 -1.50 -2.50 42.86 46.68 480 0.74 1305.0 890.2 810.6
Postop. 0.8 -1.25 -1.75 42.66 46.17 490 0.68 1310.1 894.0 810.1

6 28 Preop. 0.6 -1.50 -6.00 43.02 48.27 479 0.62 1125.1 871.0 792.5
Postop. 0.6 -1.00 -6.00 43.17 49.00 472 0.77 1126.2 872.6 791.0

7 30 Preop. 0.3 +1.00 -5.00 53.25 54.00 362 1.50 1028.1 808.5 758.6
Postop. 0.6 +1.00 -4.00 52.50 53.00 370 1.30 1032.8 810.0 758.5

8 35 Preop. 0.2 -7.00 -3.00 45.50 49.28 381 2.89 908.3 728.6 708.6
Postop. 0.4 -6.00 -2.50 45.00 48.00 390 2.62 911.2 735.2 707.3

ASCs: Adipose-derived stem cells; BCVA: Best corrected visual acuity; D: Diopter; Preop.: Preoperative; Postop.: 6mo postoperative; CCT: Central 

corneal thickness; Sph.: Spherical refraction; Cyl.: Cylindrical refraction; HOA: Higher order aberration.

ASCs transplantation in keratoconus
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after surgery (P=0.091). Coma aberration decreased from 
1.67±1.00 (range 0.57 to 2.68) to 1.59±0.97 μm (range 0.49 
to 2.60) after surgery (P=0.090). Total HOA decreased from 
1.90±0.90 (range 0.62 to 2.67) to 1.78±0.82 μm (range 0.68 to 
2.60) 6mo finally (P=0.068).
Confocal Microscopy Findings  Confocal microscope 
findings of the corneal cellular structure including endothelial 
cells, entire stroma, epithelium and sub-epithelial neural 
network showed no adverse effects in all patients 6mo after 
surgery. The mean density of keratocytes showed a slight 
increase in the anterior and middle stroma of the cornea 
and was stable in the posterior stroma of the cornea. The 
mean keratocyte density at anterior stroma of cornea was 
1153.4±169.7 cell/mm2 (range 908.3 to 1378.3) primarily and 
were 1156.1±169.8 cell/mm2 (range 911.2 to 1380.0) after 
6mo (P=0.013). The mean keratocyte density at middle stroma 
of cornea was 837.7±61.5 cell/mm2 (range 728.6 to 908.0) 
primarily and were 840.4±60.7 cell/mm2 (range 735.2 to 910.0) 
after 6mo (P=0.012). The mean keratocyte density at posterior 
stroma of cornea was 789.2±45.1 cell/mm2 (range 618.8 to 
848.2) primarily and were 789.2±45.8 cell/mm2 (range 707.6 
to 850.0) after 6mo (P=0.933). In assessment of morphology 
of cells, the keratocytes of the stroma were similar and there 
was no different between them (Figure 3).
DISCUSSION
Keratoconus is a common degenerative disease that often leads 
to vision loss[4,8]. The cause and pathological mechanism of 
keratoconus are not fully understood[20]. In keratoconus, the 
thinning of the corneal stroma is associated with keratocyte 
apoptosis, extracellular matrix alterations, and activation of 
degrading enzymes[21-22]. In addition, keratocyte damage and 
apoptosis is one of the side effects of corneal collagen cross-
linking as a common treatment method[23-24]. In recent years, 
several studies have been demonstrated beneficial effects of 
stem cell therapy in corneal diseases[11-13,25]. Stem cells have 
many advantages, such as immunomodulatory properties, 
healing or reducing corneal wounds, improving corneal 
transparency, and producing new organized collagen in the 
host’s stroma[13,16,26]. In animal studies, researchers showed 
that MSCs can differentiate into corneal keratocytes and 
express keratocyte markers and acquire characteristics of 
keratocytes[15-16,27-29].
In this research, we assessed the safety and efficacy of 
transplantation of ASCs into stroma in patients with moderate 
to severe keratoconus. We hypothesized that ASCs differentiate 
into corneal keratocyte to induce changes in the stroma and 
its possible effects on corneal optical properties. We used 
autologous ASCs for cell therapy. These cells had advantages 
such as ease of access to the cells, easier extraction of them 
from adipose tissue, and lack of subsequent immune reactions. 

Also, we did not need to ocular stem cell, and it could be done 
in patients with corneal stem cell deficiency. To avoid intra 
and postsurgical risks, femtosecond laser was used to create 
a stromal pocket at the middle stroma. During the 6-month 
follow-up examinations, none of the patients showed ocular 
complications. The cornea remained clear and there was no 
evidence of side effects such as rejection signs or scarring or 
inflammation. In the six-month assessments of the patients, 
intrastromal injection of ASCs led to an increase in visual 
acuity along with a decrease in refractive parameters and corneal 
irregularities and an increase of keratocytes density of stroma.

Figure 3 Corneal confocal biomicroscopy preoperative (A) and 

6mo postoperative (B) findings  In the patient 2, the mean density 

of keratocytes in the anterior, middle and posterior stroma of the 

cornea was 1008, 888, and 848 cell/mm2 respectively, and after 6mo 

it was 1009, 891, and 850 cell/mm2. Stromal keratocytes were similar 

and there was no different between old and new cells.

Figure 2 Topographic changes after intrastromal injection of 

adipose-derived stem cells (ASCs)  A: Preoperative topographic 

data in the patient 2 with visual acuity of 0.3 (Snellen); B: 6mo 

postoperative topographic data in the same patient with visual acuity 

of 0.5 (Snellen). Mean keratometry of this patient was 49.36 D and 

decreased 48.75 D, and astigmatism was -5.55 D that decreased to 

-4.56 D postoperatively. The mean central thickness improved of 5.0 μm. 

Total HOA decreased from 2.67 to 2.48 μm.
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In most patients, visual acuity improved moderately, which 
was observed in the third month and increased by the sixth 
month. Refractive parameters including spherical and 
cylindrical refraction showed a slight decrease in patients. 
Also, topographic evaluations showed a slight decrease 
in corneal curvature and an increase in corneal thickness. 
Corneal aberrometry findings showed a reduction in spherical 
aberration, coma and total HOA, although it was not 
statistically significant. In confocal microscopy assessments, 
the cellular structure of corneal layers was normal. The density 
of keratocytes increased in the anterior and middle corneal 
stroma but remained constant in the posterior corneal stroma. 
Stromal keratocytes had similar morphology and did not differ 
from each other. 
There was one clinical study in this field by Alio et al[30]. 
Similar to our results were reported by them. They implanted 
autologous ASCs in the corneal stroma in 5 patients with 
advanced keratoconus. Anterior segment optical coherence 
tomography (OCT) assessments demonstrated the production 
of new collagen in the area of the ASCs implantation and a 
central thickness improvement of 15 μm. This new collagen 
fibrils did not induce any clinical haze. In all patients, visual 
function improved by 2 lines in all visual parameters, but 
keratometric values remained stable[30]. In the 12-month 
follow-up, confocal microscopy showed the evolution of 
the nuclei of ASCs and their morphological changes from 
round shape and highly refringent cells to fusiform structures 
and less nuclear refringent. Therefore, ASCs implanted in 
the corneal pocket not only survived but also differentiated 
into keratocytes[12]. In another publication, they reported the 
3-year clinical outcomes of these patients. At 3y, intrastromal 
implantation of ASCs did not have complications and showed 
a moderate improvement in visual acuity in patients with 
advanced keratoconus[31].
In our opinion, the improvement of vision is due to the 
reduction of refractive parameters, corneal aberrometry and 
irregularities. After intrastromal injection of ASCs, these cells 
differentiate into keratocytes and induce structural changes in 
the stroma. Stromal keratocytes secret extracellular matrix, 
which have an important role in maintenance of corneal 
transparency[32-33]. Stem cells have the ability to regenerate a 
stable and non-regenerating tissue such as the corneal stroma. 
These cells inhibit formation of fibrotic matrix components 
and regenerate collagenous matrix with uniform diameter 
and regular interfibrillar spacing, indistinguishable from 
native stroma[34-35]. Also, studies showed injection of ASCs 
into the cornea with keratocyte dysfunction improved host 
keratocyte functions and restored corneal clarity without any 
inflammatory and immune responses[28-29]. In addition, new 
keratocytes increase the production of new collagen in the area 

of the ASCs implantation and can be effective in improving 
cellular structure. These cells express collagens type I and VI, 
and keratocyte-specific markers[30,36]. In animal studies with 
thin and haze corneas, these cells were able to increase the 
corneal thickness and improve corneal transparency without 
immune reactions[29,37-38].
In one patient, the visual acuity did not change, and the 
topography findings indicated an increase in corneal 
keratometry and corneal aberrometry. In the confocal 
microscopy assessments, there was no change in the density 
of keratocytes. This may be due to the limited amount of new 
collagen produced in the cornea by the transplanted ASCs, 
which has also been reported in studies[29-30]. It can also be 
due to the progressive nature of keratoconus and the lack of 
effectiveness of this treatment method in this patient.
Finally, in this study, we created a stromal pocket for stem 
cell injection using femtosecond laser, which may have some 
corneal refractive effects. In our opinion, the creation of a 
stromal pocket may have some effects in the first weeks after 
surgery, but it is not effective in the later outcomes when the 
cornea is completely healed and clear. Changes in corneal 
refractive parameters, such as decreased corneal curvature, 
increased thickness, increased corneal volume, increased 
keratocytes density, and vision improvement begin and 
complete in the following months, which corresponds to the 
time of differentiation of stem cells into keratocytes. Also, the 
stromal pocket was created in all patients with one method, but 
not all patients showed the same results: some had significant 
findings, some had poor findings. In addition, all patients 
had transparent cornea and there was no evidence of corneal 
edema, corneal scar. To investigate the effect of stromal 
pockets on the final results, we should study a case-control 
study in two groups of patients with the creation of stromal 
pockets with or without ASCs transplantation. This issue can 
be investigated in the future. 
In general, transplantation of ASCs on keratoconus patients 
had moderate effect but it was not effective in all patients. 
Also, this method was safe and no side effects were observed 
in the patients. The limitation of this study was that we had no 
assessment of biomechanical properties after transplantation, 
and the changes in the biomechanical properties and stromal 
strengthening were not determined. Moreover, we could not 
assess production of new collagen fibrils in the stroma using 
anterior OCT. We suggest further studies with more patients 
and long-term follow-up and using of it in treatment of corneal 
dystrophies, corneal scarring.
Based on our results, intrastromal transplantation of ASCs 
had positive effects on refractive parameters and corneal 
irregularities in most patients. After six months, visual acuity 
improved moderately, corneal parameters reduced slightly, and 
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stromal keratocytes density increased. This method was not 
effective in all patients. Also, this modality was safe and none 
of the patients showed any complications.
ACKNOWLEDGEMENTS
This study is related to the project with number IR.SBMU.
RETECH.REC. 1399. 024 from Student Research Committee, 
Department of Optometry, Faculty of Rehabilitation, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran. We also 
appreciate the “Student Research Committee” and “Research 
& Technology Chancellor” in Shahid Beheshti University of 
Medical Sciences for their financial support of this study.
Authors’ contributions: Methodology: Ramin S, Abbasi A, 
Moallemi Rad L, Kobarfard F. Project administration: Ramin 
S, Abbasi A, Ahadi M. Supervision: Ramin S, Abbasi A, 
Ahadi M. Clinical examination: Ramin S, Abbasi A, Ahadi 
M. Conceptualization: Abbasi A, Kobarfard F. Investigation: 
Ramin S, Abbasi A, Ahadi M. Writing-review & editing: 
Ramin S, Ahadi M, Abbasi A.
Conflicts of Interest: Ramin S, None; Abbasi A, None; 
Ahadi M, None; Moallemi Rad L, None; Kobarfard F, None.
REFERENCES

1 Alio JL, Alio del Barrio JL, Arnalich-Montiel F, editors. Corneal 

regeneration, therapy and surgery. Cham: Springer; 2019.

2 Wilson SE, Chaurasia SS, Medeiros FW. Apoptosis in the initiation, 

modulation and termination of the corneal wound healing response. 

Exp Eye Res 2007;85(3):305-311.

3 Ackland P, Resnikoff S, Bourne R. World blindness and visual 

impairment: despite many successes, the problem is growing. 

Community Eye Health 2017;30(100):71-73.

4 Atalay E, Özalp O, Yildirim N. Advances in the diagnosis and treatment 

of keratoconus. Ther Adv Ophthalmol 2021;13:25158414211012796.

5 Flaxman SR, Bourne RRA, Resnikoff S, et al, Vision Loss Expert Group 

of the Global Burden of Disease Study. Global causes of blindness and 

distance vision impairment 1990-2020:a systematic review and meta-

analysis. Lancet Glob Health 2017;5(12):e1221-e1234.

6 Amiri F, Ghiyasvandian S, Navab E, Zakerimoghadam M. Corneal 

transplantation: a new view of life. Electron Physician 2017;9(4): 

4055-4063.

7 Gain P, Jullienne R, He ZG, Aldossary M, Acquart S, Cognasse F, 

Thuret G. Global survey of corneal transplantation and eye banking. 

JAMA Ophthalmol 2016;134(2):167-173.

8 Arnalich-Montiel F, Alió Del Barrio JL, Alió JL. Corneal surgery in 

keratoconus: which type, which technique, which outcomes? Eye Vis 

(Lond) 2016;3:2.

9 Yu J, Wang MY, Tai HC, Cheng NC. Cell sheet composed of adipose-

derived stem cells demonstrates enhanced skin wound healing with 

reduced scar formation. Acta Biomater 2018;77:191-200.

10 Mennan C, Wright K, Bhattacharjee A, Balain B, Richardson J, 

Roberts S. Isolation and characterisation of mesenchymal stem cells 

from different regions of the human umbilical cord. Biomed Res Int 

2013;2013:916136.

11 dos Santos A, Balayan A, Funderburgh ML, Ngo J, Funderburgh JL, 

Deng SX. Differentiation capacity of human mesenchymal stem cells 

into keratocyte lineage. Invest Ophthalmol Vis Sci 2019;60(8): 

3013-3023.

12 El Zarif M, Alió JL, Alió Del Barrio JL, De Miguel MP, Abdul Jawad 

K, Makdissy N. Corneal stromal regeneration: a review of human 

clinical studies in keratoconus treatment. Front Med (Lausanne) 

2021;8:650724.

13 Sotiropulos K, Kourkoutas D, Almaliotis D, Ploumidou K, 

Karampatakis V. Ocular stem cells: a narrative review of current 

clinical trials. Int J Ophthalmol 2022;15(9):1529-1537.

14 De Miguel MP, Casaroli-Marano RP, Nieto-Nicolau N, et al. 

Frontiers in regenerative medicine for cornea and ocular surface. In: 

Rahman A, Anjum S, eds. Frontiers in Stem Cell and Regenerative 

Medicine Research. 1st ed. Vol 1. Cambridge, PA:Bentham e-Books; 

2015:92-138.

15 Xiao S, Xiao C, Miao Y, Wang J, Chen R, Fan Z, Hu Z. Human 

acellular amniotic membrane incorporating exosomes from adipose-

derived mesenchymal stem cells promotes diabetic wound healing. 

Stem Cell Res Ther 2021;12(1):255.

16 Coulson-Thomas VJ, Caterson B, Kao WW. Transplantation of 

human umbilical mesenchymal stem cells cures the corneal defects of 

mucopolysaccharidosis VII mice. Stem Cells 2013;31(10):2116-2126.

17 Liu XN, Mi SL, Chen Y, Wang Y. Corneal stromal mesenchymal 

stem cells: reconstructing a bioactive cornea and repairing the 

corneal limbus and stromal microenvironment. Int J Ophthalmol 

2021;14(3):448-455.

18 Jiang Z, Liu G, Meng F, Wang W, Hao P, Xiang Y, Wang Y, Han R, Li 

F, Wang L, Li X. Paracrine effects of mesenchymal stem cells on the 

activation of keratocytes. Br J Ophthalmol 2017;101(11):1583-1590.

19 Alió JL, Vega-Estrada A, Sanz-Díez P, Peña-García P, Durán-

García ML, Maldonado M. Keratoconus management guidelines. 

International Journal of Keratoconus and Ectatic Corneal Diseases 

2015;4(1):1-39.

20 Davidson AE, Hayes S, Hardcastle AJ, Tuft SJ. The pathogenesis of 

keratoconus. Eye (Lond) 2014;28(2):189-195.

21 Kaldawy RM, Wagner J, Ching S, Seigel GM. Evidence of apoptotic 

cell death in keratoconus. Cornea 2002;21(2):206-209.

22 Loukovitis E, Kozeis N, Gatzioufas Z, Kozei A, Tsotridou E, Stoila 

M, Koronis S, Sfakianakis K, Tranos P, Balidis M, Zachariadis Z, 

Mikropoulos DG, Anogeianakis G, Katsanos A, Konstas AG. The proteins 

of keratoconus: a literature review exploring their contribution to the 

pathophysiology of the disease. Adv Ther 2019;36(9):2205-2222.

23 Song X, Stachon T, Wang J, Langenbucher A, Seitz B, Szentmáry N. 

Viability, apoptosis, proliferation, activation, and cytokine secretion 

of human keratoconus keratocytes after cross-linking. Biomed Res Int 

2015;2015:254237.

24 Messmer EM, Meyer P, Herwig MC, Loeffler KU, Schirra F, Seitz B, 

Thiel M, Reinhard T, Kampik A, Auw-Haedrich C. Morphological and 



870

immunohistochemical changes after corneal cross-linking. Cornea 

2013;32(2):111-117.

25 Chen Y, Yin YW, Zhao Y, Wu XY, Young K, Song WT, Xia XB, 

Wen D. Differentiation of human embryonic stem cells derived 

mesenchymal stem cells into corneal epithelial cells after being 

seeded on decellularized SMILE-derived lenticules. Int J Ophthalmol 

2019;12(5):717-724. 

26 Alió del Barrio JL, De la Mata A, De Miguel MP, Arnalich-Montiel F, 

Nieto-Miguel T, El Zarif M, Cadenas-Martín M, López-Paniagua M, 

Galindo S, Calonge M, Alió JL. Corneal regeneration using adipose-

derived mesenchymal stem cells. Cells 2022;11(16):2549.

27 Park SH, Kim KW, Chun YS, Kim JC. Human mesenchymal stem 

cells differentiate into keratocyte-like cells in keratocyte-conditioned 

medium. Exp Eye Res 2012;101:16-26.

28 Liu H, Zhang J, Liu CY, Hayashi Y, Kao WW. Bone marrow 

mesenchymal stem cells can differentiate and assume corneal 

keratocyte phenotype. J Cell Mol Med 2012;16(5):1114-1124.

29 Liu H, Zhang J, Liu CY, Wang IJ, Sieber M, Chang J, Jester 

JV, Kao WW. Cell therapy of congenital corneal diseases with 

umbilical mesenchymal stem cells: lumican null mice. PLoS One 

2010;5(5):e10707.

30 Alió JL, Alió Del Barrio JL, El Zarif M, Azaar A, Makdissy N, Khalil C, 

Harb W, El Achkar I, Jawad ZA, De Miguel MP. Regenerative surgery 

of the corneal stroma for advanced keratoconus: 1-year outcomes. Am 

J Ophthalmol 2019;203:53-68.

31 El Zarif M, Alió JL, Alió Del Barrio JL, Abdul Jawad K, Palazón-

Bru A, Abdul Jawad Z, De Miguel MP, Makdissy N. Corneal stromal 

regeneration therapy for advanced keratoconus: long-term outcomes at 

3 years. Cornea 2021;40(6):741-754.

32 Chan AA, Hertsenberg AJ, Funderburgh ML, Mann MM, Du YQ, 

Davoli KA, Mich-Basso JD, Yang L, Funderburgh JL. Differentiation 

of human embryonic stem cells into cells with corneal keratocyte 

phenotype. PLoS One 2013;8(2):e56831.

33 Jhanji V, Santra M, Riau AK, Geary ML, Yang T, Rubin E, Yusoff 

NZBM, Dhaliwal DK, Mehta JS, Yam GH. Combined therapy using 

human corneal stromal stem cells and quiescent keratocytes to prevent 

corneal scarring after injury. Int J Mol Sci 2022;23(13):6980.

34 Wu J, Du Y, Watkins SC, Funderburgh JL, Wagner WR. The 

engineering of organized human corneal tissue through the spatial 

guidance of corneal stromal stem cells. Biomaterials 2012;33(5):1343-1352.

35 Basu SY, Hertsenberg AJ, Funderburgh ML, Burrow MK, Mann 

MM, Du YQ, Lathrop KL, Syed-Picard FN, Adams SM, Birk DE, 

Funderburgh JL. Human limbal biopsy-derived stromal stem cells 

prevent corneal scarring. Sci Transl Med 2014;6(266):266ra172.

36 Harkin DG, Foyn L, Bray LJ, Sutherland AJ, Li FJ, Cronin BG. 

Concise reviews: can mesenchymal stromal cells differentiate into 

corneal cells? A systematic review of published data. Stem Cells 

2015;33(3):785-791.

37 Shojaati G, Khandaker I, Funderburgh ML, et al. Mesenchymal stem 

cells reduce corneal fibrosis and inflammation via extracellular vesicle-

mediated delivery of miRNA. Stem Cells Transl Med 2019;8(11): 

1192-1201.

38 Di GH, Qi X, Xu J, Yu CQ, Cao QL, Xing ZJ, Li ZC. Therapeutic 

effect of secretome from TNF-α stimulated mesenchymal stem cells 

in an experimental model of corneal limbal stem cell deficiency. Int J 

Ophthalmol 2021;14(2):179-185.

ASCs transplantation in keratoconus


