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Abstract 

Although several imaging modalities are widely used for tumor imaging, none are tumor 
type-specific. Different types of cancer exhibit differential therapeutic responses, thus necessi-
tating development of an imaging modality able to detect various tumor types with high specificity. 
To illustrate this point, CD30-specific oligonucleotide aptamer in vivo imaging probes were con-
jugated to the near-infrared IRD800CW reporter. Mice bearing xenografted CD30-positive or 
control CD30-negative lymphoma tumors on contralateral sides of the same mouse were de-
veloped. Following a systemic administration of aptamer probes, whole body imaging of tu-
mor-bearing mice was performed. Imaging signal from tumor sites was analyzed and imaging 
specificity confirmed by tissue immunostaining. The in vivo biodistribution of aptamer probes was 
also evaluated. Whole body scans revealed that the RNA-based aptamer probes selectively high-
lighted CD30-expressing lymphoma tumors immediately after systemic administration, but did not 
react with control tumors in the same mouse. The resultant imaging signal lasted up to 1 hr and the 
aptamer probes were rapidly eliminated from the body through urinary and lower intestinal tracts. 
For more sensitive imaging, biostable CD30-specific ssDNA-based aptamer probes were also 
generated. Systemic administration of these probes also selectively highlighted the CD30-positive 
lymphoma tumors, with imaging signal detected 4-5 folds higher than that derived from control 
tumors in the same animal, and lasted for up to 24hr. This study demonstrates that oligonucleotide 
aptamer probes can provide tumor type-specific imaging with high sensitivity and a long-lasting 
signal, indicating their potential for clinical applications. 
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Introduction 
Modern imaging technologies, including com-

puted tomography (CT), positron emission tomogra-
phy (PET), and magnetic resonance imaging (MRI), 
are widely used to detect tumors (1,2). However, none 
of these imaging modalities are tumor type-specific; 
thus, they cannot distinguish one type of tumor from 
another. CT scans highlight the anatomic location of a 
tumor, whereas PET scans are performed by injecting 

patients with 18F-FDG in order to reveal hy-
per-metabolically active tumors. Therefore, merged 
CT-PET scans reveal the presence of tumors with hy-
per-metabolic status (3,4), indirectly indicating their 
malignant nature. Similar to CT, MRI scans can detect 
presence of tumor masses, but they are not tumor 
type-specific (5). Since therapeutic approaches are 
different for each type of tumor, there is an urgent 
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need to develop tumor-type specific imaging for effi-
cient therapy (6-8). Currently, molecular characteri-
zation of tumors can be conducted by histology ex-
amination of biopsy material and/or of resected tu-
mors, followed by immunostaining of tissues for tu-
mor type-associated biomarker(s). Although anti-
bodies are routinely used for tissue immunostaining, 
their applicability for in vivo detection of tumors is 
largely limited due to 1) immunogenicity of pro-
tein-based antibodies, 2) poor tissue penetration due 
to their large molecular weight, and 3) limited capac-
ity for chemical modification. In addition, tissue bi-
opsy or resection may not always be possible because 
of tumor location in the body and other factors. To 
overcome these obstacles, new imaging probes that 
are tumor type/biomarker-specific, non-immuno-
genic, biocompatible, and easily conjugated with dif-
ferent imaging reporters are required.  

Aptamers are small-molecule probes composed 
of short, single-stranded oligonucleotides (RNA or 
ssDNA ranging from 30 to 60 bases) (9-12). Oligonu-
cleotide aptamers specifically recognize their targets, 
which include small molecules, biomacromolecules, 
viruses, and even live cells and whole organisms 
(13-17). Our previous studies have demonstrated that 
aptamers can be used as “chemical antibodies” for 
multi-color flow cytometric analysis of tumor cells 
(18,19) and for immunostaining of formalin-fixed and 
paraffin-embedded tumor tissues with higher effi-
ciency than antibodies (20). Notably, synthetic oligo-
nucleotide aptamers are easily modified and chemi-
cally conjugated with functional molecules for imag-
ing purposes (21-28). More importantly, in contrast to 
protein antibodies, oligonucleotide aptamers exhibit 
little to none immunogenicity and off-target toxicity 
in vivo (29-34). These characteristics suggest that oli-
gonucleotide aptamers might be suitable probes for in 
vivo specific tumor imaging. In this study, RNA- and 
ssDNA-based aptamer probes were generated and 
tested for specific in vivo imaging of tumors in an 
animal model.  

Results 
Tumor cell-specific RNA aptamer probes  

To generate an imaging probe, a 39-nucleotide 
RNA aptamer specific for CD30 (18,20) was conju-
gated with an imaging reporter (IRD800CW) or the 
Cy3 fluorochrome as illustrated in Figure 1A. To con-
firm specificity of the aptamer probe, a tumor cell 
mixture was prepared by diluting CD30-expressing 
lymphoma cells (Karpas 299) in CD30-negative leu-
kemia cells (U937) that were pre-stained with green 
fluorescence for tracing purposes. The cell mixture 
was treated at room temperature for 30 min with ap-

tamer probes labeled with the Cy3 fluorochrome for 
visualization. Fluorescent microscopy revealed that 
the aptamer probes selectively stained lymphoma 
cells (red fluorescence from Cy3 reporter), but did not 
react with CD30-negative control cells (green fluo-
rescence) in the same cell mixture (Fig. 1B). For im-
aging validation, several cultured tumor cell lines 
including CD30-expressing tumor cells (Karpas 299, 
HDLM2, KMH2, and SU-DHL-1) and CD30-negative 
control cells (Jurkat, H-9, Sup-T1, and U937) were 
used. Cells were treated with the 
IRD800CW-conjugated RNA aptamer probe at room 
temperature for 30 min. After two washes the cell 
pellets were scanned using the XENOGEN IVIS 200 
Imaging System with the ICG channel. As shown in 
Figure 1C, the RNA aptamer probes specifically high-
lighted pellets of CD30-expressing tumor cells (upper 
panel), but did not react with any of the control cells 
that are negative for CD30 (lower panel).  

Specific and selective tumor imaging using 
RNA aptamer probes 

For the animal model study, individual mice 
were subcutaneously inoculated with 
CD30-expressing lymphoma cells (Karpas 299) and 
CD30-negative control tumor cells (U937) as illus-
trated in Figure 2A. Development of both xenograft 
tumors in each mouse was confirmed by physical 
examination (Fig 2B, far left). The IRD800CW- 
conjugated RNA aptamer probes (10 µg/mouse) were 
systemically administrated through the tail veins of 
tumor-bearing mice and whole body imaging was 
performed using the IVIS 200 Imaging System. Im-
aging signals derived from aptamer probes at the re-
gions of interest (ROIs) of tumor sites and body 
background were recorded at different time points. 
As shown in Figure 2B, the RNA aptamer probes se-
lectively highlighted lymphoma tumor immediately 
after systemic administration, but did not react with 
the control tumor in the same mouse. The imaging 
signal from the ROIs of lymphoma tumors was 5-fold 
higher than that of control tumors in the same mouse 
and 8-fold higher than body background. This specific 
imaging signal gradually diminished and was nearly 
undetectable at 60 min post-aptamer administration.  

For confirmation of these imaging findings, tu-
mors and adjacent tissues were removed from the 
mice and re-scanned ex vivo. In addition, tumor tissue 
was fixed and immunostained with anti-CD30 anti-
body. These studies confirmed that the RNA aptamer 
probe selectively highlighted the CD30-expressing 
lymphoma tumor and did not react with control tu-
mor in the same mouse (Fig. 2C). To study the 
bio-distribution of aptamer probes, major organs of 
the mice were dissected and imaged. Figure 2D shows 
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that the aptamer probes were rapidly eliminated from 
the mouse body mainly through the urinary tract 
(kidneys) and lower intestinal tract (gallbladder to 
intestine). There was minimal accumulation in other 
organs, including heart, lungs, spleen, stomach, and 
small intestine.  

Sensitive and long-lasting tumor imaging using 
biostable ssDNA aptamer probes 

Although RNA aptamer probes could specifi-
cally highlight tumors, they were easily degraded in 
vivo, leading to the rapid loss of signal intensity (Fig. 
2B). To overcome this limitation, a 31-nucleotide 
ssDNA aptamer specific for CD30 (21) was conjugated 
with the IRD800CW reporter for imaging use (Fig. 
3A). To compare biostability, synthetic ssDNA and 
RNA aptamer probes were incubated in human se-
rum at 37°C to mimic in vivo conditions, residual ap-
tamer probe products recovered at different time 
points and quantified. As shown in Figure 3B, the 
ssDNA aptamer probe was highly stable in human 
serum, with over 70% remaining after 24 hr. In con-
trast, the RNA aptamer probe was less stable in serum 
under the same conditions. These findings indicate 
that the ssDNA aptamers have greater biostability 
and are more suitable for in vivo use. 

To conduct highly sensitive imaging, lucifer-
ase-expressing lymphoma cells (Karpas 299) and 
control breast cancer cells (231-D3H2-LN) were used 
to generate xenograft tumors. Tumor development 
was monitored by whole body bioluminescent imag-
ing (Fig. 3C) and physical examination. The size of the 
CD30-expressing lymphoma tumors was limited to ≤5 
mm in diameter, whereas control breast cancer tu-
mors in the same mouse were allowed to grow larger 
than 5 mm. Because the ssDNA aptamer probes are 
more biostable than the RNA probes, a lower dose of 
imaging probe was administered systemically 
through the tail vein (1 µg/mouse vs. 10 µg/mouse of 
RNA imaging aptamer probes) and whole body im-
aging was performed as described above. Figure 3D 
shows that the ssDNA aptamer probes selectively 
highlighted CD30-positive lymphoma tumors and, 
more importantly, provided a long-lasting imaging 
signal. Immediately after administration, signals from 
the ROIs of lymphoma tumors were 6-fold higher 
than body tissue background (p<0.01) and 4-fold 
higher than the ROIs of control breast tumors (p<0.01) 
in the same mouse (Fig. 3E). Notably, the 
CD30-specific signal intensity detected in lymphoma 
tumors was stable for up to 24 hr. In contrast, signal 
from the CD30-negative breast tumors rapidly de-
creased to the level of background tissue in the same 
mouse.  

For further validation, additional xenograft an-

imal models were established by using 
CD30-expressing SUDHL-1 lymphoma cells and 
CD30-negateive LNCaP prostate cancer cells or 
CD30-exprssing KMH2 lymphoma cells and 
CD30-negateive ASPC-1 pancreatic cancer cells. De-
velopment of both xenograft tumors in the same 
mouse was confirmed by physical examination. The 
ssDNA aptamer probe (1 µg/mouse) was adminis-
tered systemically and whole body imaging was then 
performed as described above. Imaging signals from 
the ROIs of CD30-expressing and CD30-negative tu-
mors in the same mice were recorded and compared 
(n=5). Figure 3F shows that the ssDNA aptamer 
probes specifically highlighted CD30-expressing tu-
mors, with their signal intensity being 4 to 5-fold 
higher than that derived from control tumors in the 
same mice (p<0.01) at 2 hr post-administration, a time 
point to allow the completion of complicated imaging 
procedures.  

Discussion  
Our proof-of-concept study utilized a unique 

animal model where animals bearing both a bi-
omarker-expressing target tumor and a bi-
omarker-negative control tumor. We demonstrated 
that oligonucleotide-based aptamers are able to selec-
tively detect tumors by specifically targeting bi-
omarker(s) expressed on different type of cancer cells. 
In addition, biostable ssDNA aptamer probes can 
produce a long-lasting, tumor-restricted imaging 
signal for up to 24 hr. Importantly, aptamer probes are 
synthetic oligonucleotides, which can be easily modi-
fied and chemically conjugated with a variety of re-
porters for different imaging approaches, including 
reporter molecules for PET, SPECT, CT, and MRI 
scans.  

Notably, although radiation-based imaging ap-
proaches, such as PET and CT scans, are widely used 
in the clinical setting, the fluorescent-based imaging 
modalities may still have value in preclinical research 
and clinical disease due to lacking of radiation expo-
sure. detection. In addition, compared to other fluo-
rescent reporters the NIR imaging approach shows 
less background auto-fluorescence and deeper tissue 
penetration. Thus, it may replace radiation-based 
methods for imaging detection and monitoring of 
disease lesions under certain circumstances. For ex-
ample, CT-guided fine needle aspiration and lesion 
biopsy are common diagnostic procedures. For ex-
ample, CT-guided fine needle aspiration and tissue 
biopsy are common diagnostic procedures, which 
may take minutes to hours to complete depending on 
the anatomic location of the lesion. Therefore, both 
physicians and patients may experience an unneces-
sary radiation exposure with potential subsequent 
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adverse health effects due to prolonged CT imaging. 
One possible solution would be to develop a specific 
NIR imaging aptamer probe that would exhibit an 
extended retention time and will selectively highlight 
disease lesions in order to facilitate tissue biopsy or 
surgical resection, thereby eliminating radiation ex-
posure of patients and medical staff. In addition, an 
oligonucleotide-based aptamer can be simply conju-
gated with both a NIR reporter and a therapeutic 
compound, allowing for careful and dynamic moni-
toring of the drug’s in vivo biodistribution.  

Interestingly, SGN-35, trade name Brentuximab 
Vedotin, a CD30 antibody-drug conjugate, was re-
cently approved by the FDA for the treatment of re-
lapsed CD30-positive lymphomas (35-37). To benefit 
from this targeted therapy, it is critical to establish the 
status of CD30 biomarker expression on tumor cell 
and an. in vitro immunostaining of tumor tissues is 
currently the only method for such analysis. There-
fore, a specific imaging approach for rapid, 
non-invasive in vivo detection of tumor CD30 bi-
omarker expression will be valuable for determining 
eligibility for Brentuximab therapy, as well as for re-
al-time monitoring of therapeutic response and early 
detection of disease relapse. Finally, our studies sug-
gest that oligonucleotide aptamers might serve as a 
powerful vehicle for tumor-specific therapeutics de-
livery, opening the possibility for development of 
novel targeted aptamer-drug conjugates.  

Materials and Methods: 
Reagents and cells 

For imaging, a RNA-based 39-mer aptamer se-
quence specific for CD30 biomarker (18,20), was con-
jugated to the near-infrared fluorochrome IRD800CW 
reporter as shown in Figure 1A (IRD800CW-5′- 
GAUUCGUAUGGGUGGGAUCGGGAAGGGCUAC
GAACACCG-3'; Integrated DNA Technologies, Cor-
alville, Iowa). The RNA aptamer was also conjugated 
with the Cy3 fluorochrome reporter for cell staining. 
Similarly, a 31-nucleotide ssDNA aptamer sequence 
specific for CD30-expressing tumor cells (21) was 
conjugated to the fluorochrome IRD800CW as shown 
in Figure 3A (IRD800CW-5′-ACTGGGCGAAACA 
AGTCTATTGACTATGAGC-3′). Control tumor cells 
were labeled with the carboxyfluorescein succin-
imidyl ester (CFSE) dye (Invitrogen, Grand Island, 
NY).  

CD30-positive cell lines used in this study were 
human anaplastic large cell lymphoma cells (Karpas 
299 and SUDHL-1 cell lines from Dr. Mark Raffeld at 
NIH) and Hodgkin lymphoma cells (HDLM2 and 
KMH2 cell lines from Dr. Barbara Savoldo, Baylor 
College of Medicine, Houston, TX). CD30-negative 

tumor cell lines including Jurkat (T cell lympho-
ma/leukemia), H-9 (T cell lymphoma), Sup-T1 (T cell 
lymphoblastic lymphoma), U937 (histiocytic lym-
phoma), LNCaP (prostate carcinoma), and ASPC-1 
(pancreatic carcinoma) were purchased from ATCC. 
Luciferase-expressing breast cancer cells (MDA-MB- 
231-luc-D3H2LN), which are CD30-negative, were 
purchased from PerkinElmer (Santa Clara, CA). Cells 
were cultured in RPMI 1640 or DMEM medium with 
10% FBS, 100 U/ml penicillin, and 100 µg/ml strep-
tomycin at 37°C in an atmosphere of 5% CO2 and 
≥95% humidity. 

Cell staining and cell pellet scanning 
For cell staining, CD30-positive Karpas 299 cells 

and CD30-negative U937 control cells, which were 
pre-stained with 10 µM CFSE at 37°C for 15 min, were 
mixed at a 1:1 ratio. The cell mixture was treated with 
the CD30-specific RNA aptamer probe labeled with 
Cy3 reporter (10 nM final concentration) at room 
temperature for 30 min. After two washes, the cells 
were examined under a fluorescent microscope using 
a fluorescein isothiocyanate (FITC) filter for CFSE of 
pre-stained cells and a tetramethylrhodamine isothi-
ocyanate (TRITC) filter for cells highlighted by the 
Cy3-labeled aptamer probe.  

To validate imaging potential of the aptamer 
probe, freshly cultured cells in diluted in 100 µl PBS 
(106 cells/test) were treated with the CD30-specific 
RNA aptamer labeled with IRD800CW reporter (10 
nM final concentration) at room temperature. After 
incubation for 30 min, cell pellets were obtained by 
centrifugation and scanned using the IVIS 200 Imag-
ing System (PerkinElmer) with an ICG filter to detect 
fluorescent signal derived from the aptamer probe as 
indicated in Figure 1C. 

Biostability assays 
To mimic an in vivo physiological condition, 1 µg 

of synthetic CD30-specific RNA or ssDNA aptamers 
was incubated in 200 µl of human serum at 37°C and 
residual aptamers were recovered using phe-
nol-chloroform extraction at different time points up 
to 24 hr, as indicated. The residual aptamers were 
detected on 5% agarose gels and quantified (as % of 
initial amount).  

Imaging studies 
For imaging studies, 4-6-week old 

NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NOD SCID) mice 
were purchased from Jackson Laboratory (Bar Har-
bor, ME, USA). Each mouse was subcutaneously in-
oculated with cultured CD30-expressing lymphoma 
cells (Karpas 299, 6×106) and CD30-negative control 
tumor cells (U937, 2×106) at the same time, but at dif-
ferent anatomic sites, as shown in Figure 2A. Tumor 
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development was monitored and confirmed by phys-
ical examination until the tumor size reached ≥5 mm 
in diameter (approximately 20 to 25 days post tumor 
cell implantation). The CD30-specific RNA aptamer 
probe labeled with IRD800CW reporter (10 µg in 100 
µl PBS) was administered systemically via a tail vein 
injection and whole body imaging using the IVIS 200 
Imaging System was performed immediately follow-
ing and up to 3 hr after the injection, as indicated in 

Figure 2B. Imaging signal of regions of interest (ROIs) 
from lymphoma tumors, control tumors, and body 
areas without tumor was recorded in digital format 
using Xenogen software and the fold increase in sig-
nal intensity was calculated according to the manu-
facturer’s instructions as follows: fold increase = Tu-
morcorrect_dye – Tumorcorrect_ none) / (Blankcorrect_dye 
– Blankcorrect_ none).   

 
 

 
Figure 1. Specific and selective highlighting of lymphoma cells by aptamer probes. A, The aptamer probe was generated by conjugating a 
CD30-specific 39-mer RNA aptamer sequence to the Cy3 fluorochrome for cell staining and the IRD800CW reporter for cell pellet imaging. B, A cell 
mixture containing CD30-expressing lymphoma cells (Karpas 299) and CD30-negative control tumor cells (U937) that were pre-stained with green 
fluorescence was treated with the Cy3-labeled RNA aptamer probe. Fluorescent microscopy revealed that the aptamer probes selectively stained lym-
phoma cells (red), but did not react with CD30-negative control tumor cells (green) in the same mixture. C, Cultured CD30-expressing tumor cells (1: 
HDLM2; 2: Karpas 299; 3: KMH2; and 4: SU-DHL-1) and CD30-negative tumor cells (5: Jurkat; 6: H-9; 7: Sup-T1; and 8: U937) were treated with the 
IRD800CW-conjugated aptamer probes and cell pellets were scanned using the IVIS 200 Imaging System. 
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Figure 2. Specific and selective tumor imaging using RNA aptamer probe. A, Scheme of animal imaging study: individual SCID mice were 
subcutaneously inoculated with CD30-expressing lymphoma cells (Karpas 299) and CD30-negative tumor cells (U937). After confirming development of 
both xenograft tumors, the RNA aptamer probes were systemically administered through the tail vein of tumor-bearing mice and whole body imaging was 
performed using the IVIS 200 Imaging System. B, Whole body imaging scans pre- and post-systemic administration of the RNA aptamer probe at different 
time points from 0 to 180 min. The aptamer probe selectively highlighted the lymphoma tumor, but not the control tumor in the same mouse. C, For 
confirmation, tumor tissues were removed 1 hr after whole body imaging and re-scanned (upper panel). Tissue immunostaining for CD30 expression was 
also performed (lower panel). D, To evaluate in vivo biodistribution of the aptamer probes, major organs were removed from the mice 1 hr after whole 
body scanning and re-imaged. 
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Figure 3. Sensitive and long-lasting tumor imaging using biostable ssDNA aptamer probes. A, A 31-nucleotide CD30-specific ssDNA 
aptamer sequence was conjugated with the IRD800CW reporter to generate an imaging probe. B, For the biostability assay, synthetic ssDNA and RNA 
aptamer probes were incubated in human serum at 37°C. The residual aptamer products were recovered at different time points and quantified. C, For 
more sensitive imaging, luciferase-expressing traceable lymphoma cells and breast cancer cells were used. Development of both xenograft tumors in each 
mouse was monitored by whole body imaging of bioluminescent signals derived from the tumor cells. The size of lymphoma tumors was limited to ≤5 mm 
in diameter whereas control breast cancer tumors were allowed to grow >5 mm by physical examination. D, CD30-specific ssDNA aptamer probes were 
systemically administered through tail veins of mice and whole body imaging was performed up to 24 hr after injection as indicated. E, Imaging signals at 
regions of interest (ROIs) from lymphoma tumors, breast cancer tumors, and normal body areas were recorded and statistically analyzed (n=5). Imaging 
signals of the ROIs of the tumors relative to body tissue background (fold-difference) are shown as mean ±SD (p<0.01). F, Additional xenograft animal 
models were established by using SUDHL-1 (CD30+) and LNCaP cells (CD30-) or KMH2 (CD30+) and ASPC-1 cells (CD30-) and development of both 
xenograft tumors in each mouse was confirmed by physical examination. Whole body imaging was performed and imaging signals of ROIs at 2 hr 
post-administration of ssDNA aptamer probe (a time point to allow the completion of complicated imaging procedures) are shown as mean ±SD (n=5, 
p<0.01). 

 
To confirm imaging findings, tumors and adja-

cent tissues were removed at the end-point and 
re-scanned. In addition, tumor tissues were fixed and 
immunostained for CD30 expression in our pathology 
laboratory following a standard protocol. To examine 
systemic distribution, major organs of the mice in-
cluding heart, lungs, kidneys, spleen, liver and 
gallbladder, stomach, and small and large intestines 
were removed 60 min after administration of the ap-
tamer probes and imaged. 

To conduct highly sensitive imaging using the 
biostable CD30-specific ssDNA aptamer probe, mice 

were inoculated subcutaneously with lucifer-
ase-expressing lymphoma cells (Karpas 299, 6×106) 
and luciferase-expressing breast cancer cells 
(MDA-MB-231-luc-D3H2LN, 5×105) at separate sites 
as shown in Figure 3C. The development of xenograft 
tumors was monitored and confirmed by whole body 
bioluminescent imaging using IVIS 200 immediately 
after intraperitoneal injection of luciferin. For the sen-
sitive imaging study the lymphoma tumor size was 
limited to ≤5 mm in diameter whereas the control 
breast cancer tumors in the same mouse were allowed 
to be >5 mm in size. The CD30-specific ssDNA ap-
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tamer probe (1 µg in 100 µl PBS) was administered 
through the tail vein and whole body imaging was 
performed immediately and up to 24 hr after injection 
as indicated in Figure 3D. Fold increase in signal in-
tensity in the ROI of tumor sites was calculated as 
described above. Statistical analysis of results (n=5) 
showing mean ±SD is provided in Figure 3E.  

For further confirmation, additional animal 
models with different xenograft tumors were em-
ployed. Similar to methods described above, 
CD30-exprssing SUDHL-1 lymphoma cells and 
CD30-negateive LNCaP prostate carcinoma cells or 
CD30-exprssing KMH2 lymphoma cells and 
CD30-negateive ASPC-1 pancreatic carcinoma cells 
were used in pairs and inoculated subcutaneously 
into mice (n=5/group). Development of both xeno-
graft tumors in each mouse was confirmed by physi-
cal examination. The ssDNA imaging probes (1 
µg/mouse) were systemically administrated and 
whole body imaging was performed 2 hr 
post-administration (a time point to allow the com-
pletion of all complicated imaging procedures). Fold 
increase in signal intensity in the ROI of tumor sites 
was calculated and statistical analysis of results 
showing mean ±SD is provided in Figure 3F. 
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