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Abstract 
Fanconi anemia (FA) is a fatal heterogeneous autosomal recessive disorder, characterized by pro-
gressive bone marrow failure, congenital defect and cancer predisposition. Cell culture from FA 
fibroblast (FAF) displays certain abnormalities as compared to normal human dermal fibroblast 
(NHDF). This prompted us to investigate the effect of a specific nutrient mixture (NM) containing 
ascorbic acid, lysine, proline and green tea extract, which has demonstrated a broad spectrum of 
pharmacological activities, on FAF compared to NHDF. We investigated the in vitro effect of NM on 
FAF and NHDF cell proliferation by MTT assay, MMPs secretion by zymography, morphology by 
H&E staining and apoptosis by green caspase assay. FAF (FA-A: PD20, FA-A: PD220) and NHDF 
were cultured in modified Dulbecco Eagle media. At near confluence, the cells were treated with 
different concentrations of NM (0, 50, 100, 250, 500 and 1000 μg/ml) in triplicate. The cells were 
also treated with PMA to induce MMP-9 activity. NM had no effect on FAF cell viability in both cell 
lines compared to control. In contrast NM exhibited 20% at 50 and 100, 50% at 250, 60% at 500 
and 70% toxicity at 1000 μg/ml on NHDF cells. Zymography demonstrated MMP-2 and MMP-9 on 
PMA stimulation in FAF and NM inhibited the activity of both MMP-2 and MMP-9 in a dose re-
sponse fashion with total block at 500 μg/ml. In contrast, NHDF exhibited only MMP-2, both active 
and inactive forms, and NM inhibited their activities in a dose-dependent manner with total block 
at 1000 μg/ml. H&E staining did not indicate any morphological changes in FAF nor induced 
apoptosis at higher concentrations, as seen by caspases assay. However, although no morphologi-
cal changes in NHDF were noted up to NM 100 μg/ml, progressive changes in cell shrinkage, 
rounding and nuclear condensation, pertaining to apoptosis, were observed at higher concentra-
tions. These changes were consistent with the results from the green caspases apoptosis assay. 
Our data demonstrate that NM exhibited different responses toward FAF and NHDF. This may in 
part be due to elevated chromosomal break, deletion and hypersensitivity to cross linking agents, 
a DNA repair disorder in FAF that is lacking in NHDF. 
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1. Introduction 
Fanconi anemia (FA) is a heterogeneous autosomal recessive disease characterized by congenital abnormalities, 
deficiency of all three cellular components of the blood (red cells, white cells, and platelets), and an increased 
incidence of cancer. FA fibroblasts differ from normal human dermal fibroblasts, because they display elevated 
spontaneous chromosomal breaks and deletions and nuclear extracts that have substantially decreased plas-
mid-rejoining activity in contrast to normal fibroblasts [1] [2]. This prompted us to investigate the effect of a 
novel nutrient mixture (NM) containing ascorbic acid, lysine, proline and green tea extract, which has demon-
strated a broad spectrum of pharmacological activities [3] on FAF compared to NHDF. 

2. Methods and Materials 
2.1. Fibroblast Cell Lines and Culture 
Human FA fibroblast cell lines A:PD20 and A:PD220 were obtained from Fanconi Anemia Research Fund, 
Oregon Health & Science University, Portland, Oregon, USA). NHDF were obtained from ATCC. FAF (FA-A: 
PD20, FA-A: PD220) and NHDF were cultured in modified Dulbecco Eagle media supplemented with 20% 
FBS, 100 U/ml penicillin and 100 μg/ml streptomycinin 24-well tissue culture plates (Costar, Cambridge, 
MA).Cells were incubated with 1 ml of media at 37˚C in a tissue culture incubator equilibrated with 95% air and 
5% CO2. At near confluence, the cells were treated with NM, dissolved in media and tested at 0, 50, 100, 250, 
500 and 1000 μg/ml, in triplicate at each dose. Phorbol 12-myristate 13-acetate (PMA), 100 ng/ml was added to 
cells to induce MMP-9 secretion. The plates were then returned to the incubator. The media and sera used were 
obtained from ATCC, and antibiotics (penicillin and streptomycin) were from Gibco BRL, Long Island, NY. 

2.2. Composition of the Nutrient Mixture 
The nutrient mixture (NM) was composed of the following in theratio indicated: Vitamin C (as ascorbic acid and 
as Mg, Ca, and palmitate ascorbate) 700 mg; L-lysine 1000 mg; L-proline 750 mg; L-arginine 500 mg; N-acetyl 
cysteine 200 mg; standardized green tea extract (derived from green tea leaves, was obtained from US Pharma 
Lab; the certificate of analysis indicated the following characteristics: total polyphenol 80%, catechins 60%, ep-
igallocatechin gallate (EGCG) 35%, and caffeine 1.0%); 1000 mg; selenium 30 μg; copper 2 mg; manganese 1 
mg. 

2.3. MTT Assay 
Cell viability was evaluated by MTT assay, a colorimetric assay based on the ability of viable cells to reduce a 
soluble yellow tetrazolium salt [3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl tetrazolium bromide] (MTT) to ablue 
formazan crystal by mitochondrial succinate dehydrogenase activity of viable cells. This test is a good index of 
mitochondrial activity and thus of cell viability. After 24 h incubation, the cells were washed with phosphate 
buffered saline (PBS) and 500 μl of MTT (Sigma #M-2128) 0.5 mg/ml in media was added to each well. After 
MTT addition (0.5 mg/ml) the plates were covered and returned to the 37˚C incubator for 2 h, the optimal time 
for formazan product formation. Following incubation, the supernatant was carefully removed from the wells, 
the formazan product was dissolved in 1 ml DMSO, and absorbance was measured at 570 nm in Bio Spec 1601, 
Shimadzu spectrometer. The OD570 of the DMSO solution in each well was considered to be proportional to the 
number of cells. The OD570 of the control (treatment without supplement) was considered 100%. 

2.4. Gelatinase Zymography 
Gelatinase zymography was performed in 10% Novex Pre-Cast SDS Polyacrylamide Gel (Invitrogen Corpora-
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tion) in the presence of 0.1% gelatin under non-reducing conditions. Culture media (20 µl) were mixed with 
sample buffer and loaded for SDS-PAGE with tris glycine SDS buffer, as suggested by the manufacturer (No-
vex). Samples were not boiled before electrophoresis. Following electrophoresis the gels were washed twice in 
2.5% Triton X-100 for 30 minutes at room temperature to remove SDS. The gels were then incubated at 37˚C 
overnight in substrate buffer containing 50 mM Tris-HCl and 10 mM CaCl2 at pH 8.0 and stained with 0.5% 
Coomassie Blue R250 in 50% methanol and 10% glacial acetic acid for 30 minutes and destained. Upon renatu-
ration of the enzyme, the gelatinases digested the gelatin in the gel, producing clear bands against an intensely 
stained background. Protein standards were run concurrently and approximate molecular weights were deter-
mined by plotting the relative mobilities of known proteins.  

2.5. Morphology and Apoptosis 
Morphology of cells cultured for 24 h in test concentrations of NM were evaluated by H&E staining and ob-
served and photographed by microscopy. At near confluence, FAF and NHDF cells were challenged with NM 
dissolved in media at 0, 100, 500, and 1000 μg/ml and incubated for 24 h. The cell culture was washed with PBS 
and treated with the caspase reagent as specified in the manufacturer’s protocol (Molecular Probes Image-IT™ 
Live Green Poly Caspases Detection Kit 135104, Invitrogen). The cells were photographed under a fluorescence 
microscope and counted. Green-colored cells represent viable cells, while yellow orange represents early apop-
tosis and red late apoptosis. 

2.6. Statistical Analysis 
The results were expressed as means ± SD, as indicated in the results, for the groups. Data was analyzed by in-
dependent sample “t” test.  

3. Results 
3.1. Cytotoxicity 
NM exhibited no effect on FAF cell viability/proliferation, measured by MTT, in both cell lines compared to 
control, as shown in Figure 1(a), Figure 1(b). In contrast, NM showed inhibitory effects on NHDF cells, dis-
playing 18.5% (p = 0.003) toxicity at 50 and 100 μg/ml compared to control and 33.3% (p = 0.0004) at 500 and 
1000 μg/ml on NHDF cells, as shown in Figure 1(c). 

3.2. Gelatinase Zymography 
Zymography demonstrated MMP-2 and induction of MMP-9 with PMA stimulation in both FAF cell lines. NM 
inhibited the activity of both MMP-2 and MMP-9 in a dose response fashion with total block of both MMPs at 
500 μg/ml. In contrast, NHDF exhibited only MMP-2, which was inhibited by NM in a dose-dependent manner 
with total block at 1000 μg/ml (see Figures 2-4). 

3.3. Morphology (H&E Staining) and Apoptosis (Live Green Caspases Detection Kit) 
H&E staining showed no morphological changes in the FAF (Figure 5) and slight apoptosis was observed at the 
highest concentration of NM (Figure 7), as shown in the caspases assay. Although no morphological changes in 
NHDF were noted up to NM 100 μg/ml, progressive changes in cell shrinkage, rounding and nuclear condensa-
tion, pertaining to apoptosis, were observed at higher concentrations (Figure 6). These changes were consistent 
with the results from the green caspases apoptosis assay with almost total late apoptosis at 1000 NM (Figure 8). 

4. Discussion 
NM exhibited no effect on FAF cell viability in both cell lines compared to control. In contrast, NM demon-
strated progressive dose-dependent toxicity to NHDF cells with 33% toxicity at 1000 μg/ml NM. These results 
were supported by the effects of NM on morphology and apoptosis in FAF compared to NHDF cells. H&E 
staining showed no morphological changes in the FAF and very slight apoptosis at the highest concentrations of 
NM. In contrast, morphology of NHDF demonstrated progressive changes in cell shrinkage, rounding and nuc-
lear condensation, pertaining to apoptosis at concentrations higher than 100 μg/ml, which were consistent with  
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Figure 1. (a) Effect of NM on proliferation of Fanconi anemia PD20: MTT 24 h; (b) Effect of NM on proliferation of Fanconi 
anemia PD220: MTT 24 h; (c) Effect of NM on proliferation of normal human dermal fibroblasts: MTT 24 h (* indicates signi-
ficance of p ≤ 0.003 with respect to control). 

 

 
Figure 2. Effect of NM on MMP-2 and -9 secretion by FA PD:20 cells: Gelatinase zymography: (a) NM on FA PD:20 cells; 
(b) NM on PMA-treated FA PD:20 cells; Legend: 1—Markers, 2—Control, 3 - 7—NM 10, 50, 100, 500, 1000 μg/ml. 
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Figure 3. Effect of NM on MMP-2 and -9 secretion by FA PD:220 cells: Gelatinase zymography: (a) NM on FA PD:220 
cells; (b) NM on PMA-treated FA PD:220 cells; Legend: 1—Markers, 2—Control, 3 - 7—NM 10, 50, 100, 500, 1000 μg/ml. 

 

 
Figure 4. Effect of NM on MMP-2 and -9 secretion by NHDF cells: Gelatinase zymography: (a) NM on NHDF cells; (b) 
NM on PMA-treated NHDF cells; Legend: 1—Markers, 2—Control, 3 - 7—NM 10, 50, 100, 500, 1000 μg/ml. 

 

 
Figure 5. Effect of NM on FA PD220 cell morphology: H&E. (a) Control; (b) NM 50 μg/ml; (c) NM 100 μg/ml; (d) NM 
500 μg/ml; (e) NM 1000 μg/ml. 

 

 
Figure 6. Effect of NM on NHDF cell morphology: H&E. (a) Control; (b) NM 50 μg/ml; (c) NM 100 μg/ml; (d) NM 500 
μg/ml; (e) NM 1000 μg/ml. 
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Figure 7. Effect of NM on apoptosis of PA PD220 cells. (a) Control; (b) NM 100 μg/ml; (c) NM 250 μg/ml; (d) NM 500 
μg/ml; (e) NM 1000 μg/ml. 

 

 
Figure 8. Effect of NM on apoptosis of NHDF cells. (a) Control; (b) NM 100 μg/ml; (c) NM 250 μg/ml; (d) NM 500 μg/ml; 
(e) NM 1000 μg/ml. 

 
the results from the green caspases apoptosis assay with almost total late apoptosis at 1000 NM. Liu et al. re-
ported that Fanconi anemia cells demonstrate hypersensitivity to oxygen radicals, deficiency in antioxidant de-
fense and increased production of reactive oxygen intermediates (ROIs) [4]. Ridget et al. hypothesized that the 
absence of functional proteins in FA lead to enhanced intracellular ROI levels implying that FA protein acts as 
an anti-apoptotoic protein via an antioxidant function [5]. 

In regards to invasive activity, zymography demonstrated MMP-2 and induction of MMP-9 with PMA stimu-
lation in both FAF cell lines. NM inhibited the activity of both MMP-2 and MMP-9 in a dose response fashion 
with total block of both MMPs at 500 μg/ml. In contrast, NHDF secreted only MMP-2, which NM inhibited in a 
dose-dependent manner with total block at 1000 μg/ml. Epanchintsev et al. have demonstrated the overproduc-
tion of secretory factors such as IL-6, IL-8, MMP-2, and MMP-9 in FA, modulated by NF-κB/TNF-α signaling 
pathways, and showed that these over expressed secretory factors were effective in promoting the proliferation, 
migration, and invasion of surrounding tumor cells [6]. In studying MMP-9 secretion in varied cancer cell lines, 
we found that robust MMP-9 activity was associated with the most aggressive cancers [7]. Furthermore, expe-
rimental and clinical data has demonstrated an association between increased levels of MMP-9, and shortened 
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patient survival, cancer progression and metastasis, since MMP-9 plays a significant role in tumor cell invasion 
and metastasis by digesting the basement membrane and components of the extracellular matrix [8]-[13]. NHDF 
is not invasive and secretes MMP-2 only. Invasion studies correlate with FA MMP results. A previous study of 
FA invasion through Matrigel showed that invasion was inhibited in FA PD:20 by 80% at 100 μg/ml and 100% 
at 500 μg/ml NM and in FA PD:220 by 96% at 50 μg/ml and 100% at 100 μg/ml NM [14]. 

5. Conclusion 
In conclusion, we found significant differences between the responses of Fanconi anemia fibroblasts and normal 
fibroblasts to NM treatment in vitro. The results showed MMP-9 secretion by FAF, not by NHDF, after PMA 
induction, which signifies an ability of cancer cell degradation of the extracellular matrix and mediator of cancer 
cell growth, invasion/metastasis and angiogenesis, explaining the predisposition of FA patients to cancer. NM 
significantly inhibited FAF MMP-9 secretion. NM exhibited no effect on FAF cell viability in both cell lines 
compared to control. In contrast, NM exhibited progressive dose-dependent toxicity to NHDF cells. These re-
sults were supported by the effects of NM on morphology and apoptosis in FAF compared to NHDF cells. The 
activities of FAF observed in this study may be due to the impaired DNA repair process with chromosomal 
break, deletion and hypersensitivity to cross linking agents found in FAF but not in NHDF.  
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