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SHORT ABSTRACT:
To improve serological diagnostic tests for Mycobacterium tuberculosis antigens, we developed
superparamagnetic iron oxide nanoprobes to detect extrapulmonary tuberculosis.
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LONG ABSTRACT:

A molecular imaging probe comprising superparamagnetic iron oxide (SPIO) nanoparticles and
Mycobacterium tuberculosis surface antibody (MtbsAb) was synthesized to enhance imaging
sensitivity for extrapulmonary tuberculosis (ETB). An SPIO nanoprobe was synthesized and
conjugated with MtbsAb. The purified SPIO-MtbsAb nanoprobe was characterized using TEM and
NMR. To determine the targeting ability of the probe, SPIO-MtbsAb nanoprobes were incubated
with Mtb for in vitro imaging assays and injected into Mtb-inoculated mice for in vivo
investigation with magnetic resonance (MR). The contrast enhancement reduction on magnetic
resonance imaging (MRI) of Mtb and THP1 cells showed proportional to the SPIO-MtbsAb
nanoprobe concentration. After 30 min of intravenous SPIO-MtbsAb nanoprobe injection into
Mtb-infected mice, the signal intensity of the granulomatous site was enhanced by 14-fold in the
T2-weighted MR images compared with that in mice receiving PBS injection. The MthsAb
nanoprobes can be used as a novel modality for ETB detection.

INTRODUCTION:

Globally, extrapulmonary tuberculosis (ETB) represents a significant proportion of tuberculosis
(TB) cases. Nevertheless, ETB diagnosis is often missed or delayed because of its insidious clinical
presentation and poor performance on diagnostic tests; false results include sputum smears
negative for acid-fast bacilli, lack of granulomatous tissue on histopathology, or failure to culture
Mycobacterium tuberculosis (Mtb). Relative to typical cases, ETB occurs less frequently and
involves little liberation of the Mtb bacilli. In addition, it is usually localized at difficult-to-access
sites, such as lymph nodes, pleura, and osteoarticular areas?®. Thus, invasive procedures for
obtaining adequate clinical specimens, which makes bacteriological confirmation risky and
difficult, are essential®*.

Commercially available antibody detection tests for ETB are unreliable for clinical detection
because of their wide range of sensitivity (0.00-1.00) and specificity (0.59-1.00) for all
extrapulmonary sites combined®. Enzyme-linked immunospot (ELISPOT) assays for interferon-y,
culture filtrate protein (CFP), and early secretory antigenic target (ESAT) have been used for
diagnosing latent and active TB. However, the results vary between different disease sites for
diagnosing ETB®®. In addition, skin PPD (purified protein derivative) and QuantiFERON-TB
frequently provided false negative results®. QuantiFERON-TB-2G is a whole blood immune
reactivity assay, which does not require a specimen from the affected organ and this may be an
alternative diagnostic tool®'%', Other diagnostic methods typically used for TB meningitis, such
as polymerase chain reaction, are still too insensitive to confidently exclude clinical diagnosis'®*3.
These conventional tests demonstrate insufficient diagnostic information to discover the
extrapulmonary infection site. Thus, novel diagnostic modalities are clinically required.

Molecular imaging aims at designing novel tools that can directly screen specific molecular
targets of disease processes in vivol#'>, Superparamagnetic iron oxide (SPIO), a T2-weighted
NMR contrast agent, can significantly enhance the specificity and sensitivity of magnetic
resonance (MR) imaging (MRI)!*®17, This new functional imaging modality can precisely sketch
tissue changes at the molecular level through ligand—receptor interactions. In this study, a new
molecular imaging probe, comprising SPIO nanoparticles, was synthesized to conjugate with Mtb
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surface antibody (MtbsAb) for ETB diagnosis. SPIO nanoprobes are minimally invasive to tissues
and bodies under examination'®'°, Furthermore, these nanoprobes can demonstrate precise MR
images at low concentrations due to their paramagnetic properties. In addition, SPIO nanoprobes
appear elicit least allergic reactions because the presence of iron ions is part of normal
physiology. Here, the sensitivity and specificity of the SPIO-MtbsAb nanoprobes targeting ETB
were evaluated in both cell and animal models. The outcomes demonstrated that the
nanoprobes were applicable as ultrasensitive imaging agents for ETB diagnosis.

PROTOCOL:

All protocol regarding animal experiment follows the standard operating procedures for
laboratory animal breeding in accordance with the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals (8th Edition, 2011).

1. SPIO nanoparticle synthesis

1.1. Prepare dextran-coated iron oxide magnetic nanoparticles by vigorously stirring a mixture of
dextran T-40 (5 mL; 50% w/w) and aqueous FeCls-6H,0 (0.45 g; 2.77 mmol) and FeCl,-4H,0 (0.32
g; 2.52 mmol) solutions at room temperature.

1.2. Add NH4OH (10 mL; 7.5% v/v) rapidly.

1.3. Further stir the black suspension for 1 h; subsequently, centrifuge at 17,300 x g for 10 min
and then remove the aggregates.

1.4. Separate the final SPIO products from unbound dextran T-40 by gel filtration
chromatography?.

1.5. Load the reaction mixture (total volume =5 mL) into a 2.5 cm x 33 cm column and elute with
a buffer solution containing 0.1 M Na acetate and 0.15 M NaCl at pH 7.0.

1.6. Collect the purified dextran-coated iron oxide magnetic nanoparticles in the void volume and
assay the column eluates for iron and dextran at 330 and 490 nm by using hydrochloric acid and
the phenol/sulfuric acid methods??, respectively.

2. SPIO-MtbsAb synthesis

2.1. Synthesize SPIO-conjugated EDBE using previously reported methods?%%2,

2.2. Synthesize SPIO-EDBE-succinic anhydride (SA).

2.2.1. Stir an alkaline solution (5 M NaOH; 10 mL)) of SPIO-EDBE and SA (1 g; 10 umol) at room
temperature for 24 h.
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2.2.2. Dialyze the solution with 20 changes of 2 L of distilled water using molecular porous
membrane tubing (12,000-14,000 MW cutoff). 6 h for each change.

2.3. Finally, add 100 pL of SPIO-EDBE-SA (4 mg/mL of Fe) to 400 pL of 4.5 mg/mL MtbsAb to
synthesize SPIO-MtbsAb by using 1-hydroxybenzotriazole and (benzotriazol-1-yloxy)
tripyrrolidinophosphonium hexafluorophosphate as catalysts and stir the solution at room
temperature for 24 h.

2.4. Finally, separate the solutions from the unbound antibody through gel filtration
chromatography.

2.5. Load the reaction mixture (5 mL) on 2.5 cm x 33 cm column and elute using a PBS buffer.
Confirm Ab—nanoparticle complex (i.e., nanoprobe) using a bicinchoninic acid protein assay kit?3.

3. Particle morphology observation and relaxation tier measurement

3.1. Examine average particle size, morphology, and size distribution using transmission electron
microscope at a voltage of 100 kV.

3.1.1. Drop-cast the composite dispersion onto a 200-mesh copper grid and air dry at room
temperature before loading it onto the microscope.

3.2. Measure the relaxation time values (71 and T;) of the nanoprobes using the NMR
relaxometer at 20 MHz and 37.0 °C+ 0.1 °C.

3.2.1. Calibrate the relaxometer before each measurement.

3.2.2. Record the r1 and r; values from the eight data points generated through inversion-
recovery and the Carr—Purcell-Meiboom—Gill pulse sequence, respectively, to determine r1 and
r> relaxivities?°,

4. Cell imaging

4.1. Cultivate human monocytes THP-1 in RPMI 1640 with 10% fetal bovine serum, 50 pg/mL
gentamycin sulfate, 100 units/mL penicillin G sodium, 100 ug of streptomycin sulfate, and 0.25
ug/mL fungizone in a 5% CO; incubator at 37 °C.

4.2. Incubate SPIO-MtbsAb nanoprobes (2 mM) with 10° colony forming units (CFU) of
Mycobacterium bovis BCG preincubated with 1 x 107 activated monocytes in microcentrifuge
tubes (1 mL) in a 5% CO; incubator at 37 °C for 1 h.

4.3. Centrifuge tubes at 200 x g and discard the supernatant. Redissolve pellets in the medium
(200 pL).
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4.4. Scan the samples using a fast gradient echo pulse sequence (Repetition time (TR) = 500; Echo
time(TE) = 20; Flip angle = 10°) through 3.0-T MRI to determine the nanoprobe’s specificity and
sensitivity?122,

5. BCG (Bacillus Calmette—Guérin) inoculation

5.1. Reconstitute the lyophilized vaccine or bacterial stock in Sauton’s medium and then dilute
the stock with saline until properly dispersed as previously described?*.

5.2. Inoculate a live attenuated strain of M. bovis BCG, obtained from ADIMMUNE (Taipei,
Taiwan) (Connaught strain; ImmuCyst Aventis, Pasteur Mérieux) at a volume of 0.1 mL/mouse
(i.e., 107 CFU) intradermally into the left or right dorsal scapular skin of mice, as described
previously?3. Inject saline into mice as negative control.

5.3. Sacrifice animals 1 month after bacteria inoculation using carbon dioxide euthanasia.
Harvest the tissue from the intradermal inoculation site. Fix the tissue in 10% formalin and embed
in paraffin for serial sections at 5-10 um. Stain tissue sections with the hematoxylin/eosin and
Ziehl-Neelsen stains for acid-fast bacteria?* and with Berlin blue for ferric iron 2°.

6. In vivo MRI

6.1. Inject ketamine (80 mg/kg of body weight) and xylazine (12 mg/kg body weight)
subcutaneously into mice for animal anesthesia.

6.2. Inject SPIO-TbsAb probes (2 nmol/200 L) into tail veins of mice. MR image mice before and
immediately after probe injection and then every 5 min for 30 min to acquire T2-weighted fast
spin-echo images (TR = 3000; TE = 90; field of view = 8).

6.3. Quantitatively analyze all MR images using signal intensity (SI), a measurement of defined
regions of interest in comparable locations of an Mtb granuloma center and the back muscle
adjacent to a granulomatous area.

6.4. Calculate relative signal enhancements using the SI measurement before (Slpre; control) and
0-3 h after (Slpost) injection of the contrast agents using the formula
[(Slpost — Slpre)/Slpre] x 100

where Slpre is the S| of the lesion on the pre-enhanced scan and Slpost is the Sl of the lesion on
the post-enhanced scan?%22,

REPRESENTATIVE RESULTS:
SPIO-MtbsAb nanoprobe synthesis and characterization

SPIO nanoparticles were designed to conjugate with MtbsAb. The dextran stabilized on the
surface of SPIO nanoparticles was crosslinked by epichlorohydrin. SPIO nanoparticles were
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subsequently incorporated with EDBE to activate primary amine functional groups at the dextran
ends. SA was then conjugated to form SPIO-EDBE-SA. SPIO-MtbsAb nanoprobes formed in the
final step through the conjugation of MtbsAb with SPIO-EDBE-SA in the presence of the coupling
agents. The TEM image of SPIO-MtbsAb nanoprobes (Figure 1) demonstrates that the SPIO-
MtbsAb nanoprobes had a well-dispersed appearance. The average size of the SPIO-MtbsAb
nanoprobe core was 3.8 £ 0.4 nm (200 particle calculation).

In aqueous solution, the relaxivity values, r1 and r;, of the nanoprobes were 23 + 3 and 151 + 8
mM™1s7?, respectively, at 20 MHz and 37.0 °C £ 0.1 °C. The r1/r> ratio of SPIO-MtbsAb nanoprobes
was similar to that of Resovist; however, r1 and r; of Resovist (26 and 164 mM~1s™1, respectively)
were somewhat higher than those of SPIO-MtbsAb nanoprobes.

In vitro SPIO-MtbsAb nanoprobe characterization and imaging

First, we detected M. bovis BCG, an acid-fast bacteria, through Ziehl-Neelsen staining (Figure
2A). The bacteria were isolated and then cultured with probes containing ferric iron, identifiable
through Berlin blue staining (Figure 2B). The Mtb-targeting degree of SPIO-MtbsAb nanoprobe
was determined through T2-weighted MRI; negative enhancement was proportioned to the
amount of probes attached to the bacterial cell. The decrease in the Sl in the presence of the
nanoprobes occurred in a concentration-dependent manner (Figure 2C). At 2, 1, and 0.5 mM, the
nanoprobes conjugated with Mtb exhibited Sls of 97.67 £ 3.05, 131.67 £ 4.51, and 257.33 £ 5.03,
respectively, all higher the Sl of 90.75 + 2.47 for 1 mM nonconjugated nanoprobe. Compared
with PBS (SI = 1073.43 + 13.62), almost no signal reduction was noted in the TB only group (S| =
957.33 + 12.53). Thus, SPIO probes specifically targeted Mtb bacilli; moreover, on the enhanced
MR images, the Sl decreased with increase in the amount of SPIO nanoparticles.

Similarly, the reductions in S| on enhanced MR images were noted 1 h after the culturing of THP-
1 monocytes with the nanoprobes. A significant reduction in the Sl of the TB group was noted
when 1 mM (Sl = 225.33 + 8.58) and 2 mM (S| = 104 + 2.16) concentrations of the nanoprobes
were employed compared with the groups administered with PBS only (Sl = 1005.33 + 16.74) or
not administered with the nanoprobe (SI =991 + 8.98). MRI Sl reduction in the Mtb groups for 1
and 2 mM nanoprobes was comparable to that in the positive 1 mM nanoprobe alone group (SI
= 112.33 + 3.68). According to the above results, the SPIO-MtbsAb nanoprobes could aid in
monitoring the nanoprobe-activated THP-1 monocyte trafficking.

In vivo SPIO-MtbsAb nanoprobe imaging

After cell imaging, we determined the efficacy of in vivo MRI for ETB. SPIO-MtbsAb nanoprobes
were intravenously injected to Mtb-infected mice. A clearly detectable MR signal was noted in
the Mtb granulomatous area 0.5 h after injection; however, the highest S| to background was
observed after 1 h of injection. A significant reduction in MR signaling was noted in the Mtb
granulomatous area (Figure 3). Sl was measured before (Slpre) and after (Slpost) contrast agent
injection. One hour after probe injection, the T2-weighted enhancement of signal reduction at
the Mtb granulamatous areas (Figure 3B) was approximately 14-fold higher than that at the
control sites (Figure 3A; -1.68% + 1.32% and -23.43% + 7.24%,; p < 0.001).
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Histological and immunohistochemical evaluation of SPIO-MtbsAb nanoprobes

A subcutaneous granuloma was developed 1 month after infection in C57BL/6 mice. New blood
vascularization was noted within these lesions along with lymphocyte and epithelioid-
macrophage aggregates. The organized granuloma had grown progressively (Figure 4A). The
correlation of TB lesions with SPIO-MtbsAb MR signals was further determined through the
immunohistochemical reaction of Mtb surface antigen with anti-MtbsAb. Positive MtbsAb
expression was revealed in the granulomatous areas (Figure 4B), with acid-fast bacilli staining
positive at the lesion site (Figure 4C). Berlin blue, a ferric iron—positive stain, was used to
determine the sensitivity of the probes to Mtb. Berlin blue—positive SPIO probe was found in the
same location as MtbsAb (Figure 4D). All colocalized pairs were shown in Figure 4A-D.

FIGURE LEGENDS:

Figure 1. Mean core size of SPIO-MtbsAb nanoprobes in TEM. The average size of the SPIO-
MtbsAb nanoprobe core was 3.8 + 0.4 nm, measured using TEM image analysis (200 particle
calculation). Scale bar = 15 nm. This figure has been modified from our previous study?®.

Figure 2. In vitro characterization of SPIO-MtbsAb nanoprobe. The acid-fast bacilli are identified
through (A) Ziehl-Neelsen staining and (B) the conjugation of the ferric iron of the nanoprobe to
bacteria identified through Berlin blue staining. (C) T2-weighted MRI displaying negative
enhancement after the SPIO-MtbsAb nanoprobes are incubated with Mtb. Elimination of SI
occurring dose-dependently after the incorporation of the nanoprobes with Mtb: (1) 90.75 + 2.47
(1.0 mM Probe); (2) 97.67 £ 3.05 (Mtb + 2.0 mM Probe); (3) 131.67 £ 4.51 (Mtb +1.0 mM Probe);
(4) 257.33 £ 5.03 (Mtb + 0.5 mM Probe); (5) 957.33 + 12.53 (Mtb +O mM Probe); (6) 1073.43 +
13.62 (PBS). No detectable signal reduction noted in the PBS control group. (D) Dose-dependent
negative enhancement in THP-1 monocytes 1 h after incubation with the nanoprobes. Scale bars
in (C) and (D) are 5 mm. This figure has been modified from our previous study?®.

Figure 3. In vivo SPI0-MtbsAb nanoprobes in subcutaneous ETB lesions of C57BL/6 mouse. (A)
Control and (B) Mtb granulomatous areas. A significant 14-fold reduction in MR signaling is found
in the Mtb granulomatous areas compared with the control areas 1 h after probe administration
(-1.68% + 1.32% vs. -23.43% + 7.24%, p < 0.001). Results are given as means + SDs. Statistical
comparisons used two-tailed Student’s t-tests. p < 0.05 was considered to be significant. This
figure has been modified from our previous study?®.

Figure 4. Correlations of histology, immunohistochemistry, acid-fast, and Berlin blue staining.
Histology of Mtb granulomatous areas predominantly demonstrating lymphocytes and
epithelioid macrophages. Neovascularization and abundant aggregation of lymphocytes and
epithelioid macrophages observed in these lesions. (A) Organized granulomas appearing to
develop progressively. (B) Immunohistochemical staining demonstrating MtbsAb expression in
the granulomatous lesions, whereas (C) acid-fast bacilli are scattered within the same areas. (D)
Berlin blue staining SPIO probes are found in the colocalized MtbsAb areas. Berlin blue staining
for ferric iron demonstrates probe conjugation to Mtb. Scale bars are 100 um. This figure has
been modified from our previous study?®.
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DISCUSSION:

Similar to relevant studies, our findings regarding SPIO-MtbsAb nanoprobes demonstrated a
significant specificity for Mtb?”2%, The subcutaneous Mtb granuloma was found 1 month after TB
injection in the mouse models. The typical TB granulomatous histology findings included
lymphocyte infiltration, presence of epithelioid macrophages, and neovascularization. Acid-fast
bacilli were scattered in the TB lesions, corroborating the MtbsAb immunohistochemistry
findings. This indicated an immunological reaction between Mtb surface antigen and MtbsAb.
Berlin blue highlighted the same areas with MtbsAb, corroborating the probes’ specificity for
conjugation with acid-fast Mtb.

Notably, the extent of negative contrast enhancement on MRI for Mtb and monocytic THP1 cells
was proportional to the SPIO-MtbsAb nanoprobe concentration. When mice bearing Mtb
granulomas were administered SPIO-MtbsAb nanoprobes, a 14-fold signal reduction at the
granulomatous site was noted on T2-weighted MR images compared to an opposing site with
PBS injection. This indicates a significant accumulation of the contrast agent. The results
demonstrate a possibility for obtaining specific targeting of contrast agent, which could reduce
the dose requirement for clinical diagnosis.

Our findings indicate that these nanoprobes accumulate a detectable volume in Mtb
granulomatous lesions. These results can be confirmed by developing an SPIO nanoprobe using
anti-hMtbsAb. As the SPIO’s magnetic iron oxide core has been applied to induce T2 shortening
in MRI contrast agents, the findings suggest a practical and noninvasive approach to detect
similar cell behaviors for clinical diagnosis applications.

Here, we provide the protocol comprising of 2 parts: sections 4 to 6 are cell and animal imaging.
The techniques cover the cell cultivation, animal experiments, and optical imaging. Sections 1 to
3 are probe syntheses. Some critical steps will help to replicate the experiment. The critical step
of SPIO nanoparticle synthesis is to prepare a dextran-coated iron oxide magnetic nanoparticles;
it is crucial to vigorously stir and completely mix the dextran T-40, aqueous FeCls-6H,0, and
FeCly-4H;0 solutions at a room temperature. The critical step for section 2, SPIO-MtbsAb
synthesis, is conjugating MtbsAb to SPIO-EDBE-SA to synthesize SPIO-MtbsAb. To select the
appropriate catalysts and adequately stir the solution at room temperature are critical as well.
And the critical step for section 3, Particle morphology observation and relaxation tier
measurement, is to calibrate the relaxometer before each measurement. In order to precisely
calculate the size of probes, a calibration of the relaxometer is crucial as well.

In this study, M. bovis BCG and rabbit anti-Mtb were used. The crossreactivity of bovine and
rabbit sources was considered mild, although the data proved that MtbsAb-conjugated SPIO
revealed strong interactions with M. bovis BCG. Our finding suggested that SPIO nanoprobes
target TB specifically. The incubation of nanoprobe and Mtb bacteria showed a negative
enhancement manner dose-dependently, while the decrease in the enhancement observed for
SPIO nanoprobes on MRI was correlated with the existence of SPIO particles. Based on our data,
further research to explore possible antibody-conjugation approaches to enhance the specificity
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of the nanoprobe would be welcome.

Prior studies demonstrate that SPIO shows minimal cytotoxicity without altering cell activity at a
concentration used in this study?®3°, In agreement with prior research, our results demonstrated
minimal effect of SPIO nanoprobes to THP-1 cells. THP-1 cells were incubated with SPIO
nanoprobes with bacteria conjugation for 1 hour. Sl presented a significant decline in the Mtb
groups with concentration of 1 mM or 2 mM nanoprobes, comparing to control group without
nanoprobe treatment or PBS alone. The outcome supports the safety of the SPIO nanoprobe, and
more studies applying other bacterial loads to validate the sensitivity of the nanoprobe is
welcome.

One limitation of our study was that we did not quantify the biodistribution of the SPIO-MtbsAb
nanoprobe in mice. Moreover, we did not investigate the intravascular halflife and liver
deposition of the nanoprobe, which might alter the exposing time of the probes to THP-1 cells
located at the Mtb lesions. Further research on biodegradation is warranted. Moreover, MRI
could not differentiate whether SPIO nanoprobes could specifically bind to bacteria or monocytes
or whether these probes were endocytosed.

In conclusion, we have developed a clear and feasible protocol to prepare and characterize
biocompatible SPIO-MtbsAb nanoprobes. These nanoprobes are hydrophilic and disperse well
under physiological conditions; they are minimally cytotoxic at low concentrations. Also, these
SPIO-MtbsAb nanoprobes enable targeting and detection of Mtb infection, as demonstrated by
our in vitro and in vivo studies. Thus, SPIO-MtbsAb nanoprobes can be applied as MRI contrast
agents for ETB detection.

ACKNOWLEDGMENTS:

The authors are thankful for the financial support from the Ministry of Economy Taiwan (grants
NSC-101-2120-M-038-001, MOST 104-2622-B-038 -007, MOST 105-2622-B-038-004) to perform
this research work. This manuscript was edited by Wallace Academic Editing.

DISCLOSURES:
None of the authors has any proprietary interest in the materials examined in this study.

REFERENCES:
1 Small, P. M. et al. Treatment of tuberculosis in patients with advanced human

immunodeficiency virus infection. New England Journal of Medicine. 324, 289-294,
do0i:10.1056/NEJM199101313240503 (1991).

2 Alvarez, S., McCabe, W. R. Extrapulmonary tuberculosis revisited: a review of experience
at Boston City and other hospitals. Medicine (Baltimore). 63, 25-55 (1984).

3 Ozbay, B., Uzun, K. Extrapulmonary tuberculosis in high prevalence of tuberculosis and
low prevalence of HIV. Clinics in Chest Medicine. 23, 351-354 (2002).

4 Ebdrup, L., Storgaard, M., Jensen-Fangel, S., Obel, N. Ten years of extrapulmonary

tuberculosis in a Danish university clinic. Scandinavian Journal of Infectious Diseases. 35,
244-246 (2003).



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

10

11

12

13

14

15

16

17

18

19

20

Steingart, K. R. et al. A systematic review of commercial serological antibody detection
tests for the diagnosis of extrapulmonary tuberculosis. Postgraduate Medical Journal. 83,
705-712, doi:10.1136/thx.2006.075754 (2007).

Liao, C. H. et al. Diagnostic performance of an enzyme-linked immunospot assay for
interferon-gamma in extrapulmonary tuberculosis varies between different sites of
disease. Journal of Infection. 59, 402-408, doi:10.1016/j.jinf.2009.10.001 (2009).

Kim, S. H. et al. Diagnostic usefulness of a T-cell based assay for extrapulmonary
tuberculosis. Archives of Internal Medicine. 167, 2255-2259,
doi:10.1001/archinte.167.20.2255 (2007).

Kim, S. H. et al. Diagnostic usefulness of a T-cell-based assay for extrapulmonary
tuberculosis in immunocompromised patients. The American Journal of Medicine. 122,
189-195, d0i:10.1016/j.amjmed.2008.07.028 (2009).

Pai, M., Zwerling, A., Menzies, D. Systematic review: T-cell-based assays for the diagnosis
of latent tuberculosis infection: an update. Annals of Internal Medicine. 149, 177-184
(2008).

Kobashi, Y. et al. Clinical utility of a T cell-based assay in the diagnosis of extrapulmonary
tuberculosis. Respirology. 14, 276-281, doi:10.1111/j.1440-1843.2008.01443.x (2009).
Paluch-Oles, J., Magrys, A., Kot, E., Koziol-Montewka, M. Rapid identification of
tuberculosis epididymo-orchitis by INNO-LiPA Rif TB and QuantiFERON-TB Gold In Tube
tests: case report. Diagnostic Microbiology and Infectious Disease. 66, 314-317,
do0i:10.1016/j.diagmicrobio.2009.09.020 (2010).

Kaneko, K., Onodera, O., Miyatake, T., Tsuji, S. Rapid diagnosis of tuberculous meningitis
by polymerase chain reaction (PCR). Neurology. 40, 1617-1617 (1990).

Bhigjee, A. I. et al. Diagnosis of tuberculous meningitis: clinical and laboratory parameters.
International Journal of Infectious Diseases. 11, 348-354, doi:10.1016/].ijid.2006.07.007
(2007).

Miyawaki, A., Sawano, A., Kogure, T. Lighting up cells: labelling proteins with
fluorophores. Nature Cell Biology. Suppl, S1-7 (2003).

Weissleder, R., Mahmood, U. Molecular imaging. Radiology. 219, 316-333 (2001).
Gupta, A. K., Gupta, M. Synthesis and surface engineering of iron oxide nanoparticles for
biomedical applications. Biomaterials. 26, 3995-4021, doi:S0142-9612(04)00931-7 [pii]
10.1016/j.biomaterials.2004.10.012 (2005).

Talelli, M. et al. Superparamagnetic iron oxide nanoparticles encapsulated in
biodegradable thermosensitive polymeric micelles: toward a targeted nanomedicine
suitable  for  image-guided drug delivery. Langmuir. 25, 2060-2067,
d0i:10.1021/La8036499 [pii] (2009).

Cho, W. S. et al. Pulmonary toxicity and kinetic study of Cy5.5-conjugated
superparamagnetic iron oxide nanoparticles by optical imaging. Toxicology and Applied
Pharmacology. 239, 106-115, doi:10.1016/j.taap.2009.05.026 (2009).

Mahmoudi, M., Simchi, A., Milani, A. S., Stroeve, P. Cell toxicity of superparamagneticiron
oxide nanoparticles. Journal of Colloid and Interface Science. 336, 510-518,
d0i:10.1016/j.jcis.2009.04.046 (2009).

Chen, T. J. et al. Targeted folic acid-PEG nanoparticles for noninvasive imaging of folate
receptor by MRI. Journal of Biomedical Materials Research Part A. 87, 165-175,



441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472

21

22

23

24

25

26

27

28

29

30

d0i:10.1002/jbm.a.31752 (2008).

Chen, T. J. et al. Targeted Herceptin-dextran iron oxide nanoparticles for noninvasive
imaging of HER2/neu receptors using MRI. Journal of Biological Inorganic Chemistry. 14,
253-260, doi:10.1007/s00775-008-0445-9 (2009).

Weissleder, R. et al. Ultrasmall superparamagnetic iron oxide: an intravenous contrast
agent for assessing lymph nodes with MR imaging. Radiology. 175, 494-498 (1990).
Wang, J., Wakeham, J., Harkness, R., Xing, Z. Macrophages are a significant source of type
1 cytokines during mycobacterial infection. Journal of Clinical Investigation. 103, 1023-
1029 (1999).

Angra, P., Ridderhof, J., Smithwick, R. Comparison of two different strengths of carbol
fuchsin in Ziehl-Neelsen staining for detecting acid-fast bacilli. Journal of Clinical
Microbiology. 41, 3459 (2003).

Woods AE, E. R. Laboratory Histopathology- A Complete Reference. 1st edn, p6.8-11
(Churchill Livingstone, 1994).

Lee, C. N. et al. Super-paramagnetic iron oxide nanoparticles for use in extrapulmonary
tuberculosis diagnosis.  Clinical Microbiology and Infection. 18, E149-157,
do0i:10.1111/j.1469-0691.2012.03809.x (2012).

Lee, H., Yoon, T. J., Weissleder, R. Ultrasensitive detection of bacteria using core-shell
nanoparticles and an NMR-filter system. Angewandte Chemie International Edition. 48,
5657-5660, doi:10.1002/anie.200901791 (2009).

Fan, Z. et al. Popcorn-shaped magnetic core-plasmonic shell multifunctional nanoparticles
for the targeted magnetic separation and enrichment, label-free SERS imaging, and
photothermal destruction of multidrug-resistant bacteria. Chemistry. 19, 2839-2847,
d0i:10.1002/chem.201202948 (2013).

Nishie, A. et al. In vitro imaging of human monocytic cellular activity using
superparamagnetic iron oxide. Computerized Medical Imaging and Graphics. 31, 638-642,
doi:50895-6111(07)00108-5 [pii] 10.1016/j.compmedimag.2007.07.004 (2007).

von Zur Muhlen, C. et al. Superparamagnetic iron oxide binding and uptake as imaged by
magnetic resonance is mediated by the integrin receptor Mac-1 (CD11b/CD18):
implications on imaging of atherosclerotic plaques. Atherosclerosis. 193, 102-111,
doi:50021-9150(06)00524-7 [pii] 10.1016/j.atherosclerosis.2006.08.048 (2007).



Figure

Click here to access/download;Figure;Fig1bar.tif



https://www.editorialmanager.com/jove/download.aspx?id=1026027&guid=008d0ac3-5902-4af3-9b85-92f3fdf4c73c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026027&guid=008d0ac3-5902-4af3-9b85-92f3fdf4c73c&scheme=1

Figure Click here to access/download;Figure;fig2a-d scale.tif

(A) Zighl-nealsen stain (B) Berlin blue satining

o b
(1) (2) (3)

(D) 3.0T MRI (TR/TE = 3000/90)

PB3S 51 =1005.33 £ 16.74 M+T+FP 0O mM S5l =991 +8.98

P 1imM 5l =112.33 + 3.68

M+T+P 1 mM Sl =225.33 +8.58

M+T+P 2mM Sl =104 +2.16

P Monocyte
T Bacteria
F Probe


https://www.editorialmanager.com/jove/download.aspx?id=1026028&guid=9aa9272b-b4ba-4829-ba0e-8e53b2e48580&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026028&guid=9aa9272b-b4ba-4829-ba0e-8e53b2e48580&scheme=1

Click here to access/download;Figure;fig3A-B in vivo.tif



https://www.editorialmanager.com/jove/download.aspx?id=1026032&guid=d3a64649-3e96-4240-8467-b5cff47d29c9&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026032&guid=d3a64649-3e96-4240-8467-b5cff47d29c9&scheme=1

*

Click here to access/download;Figure;figdA-D scale.tif

Figure

[
=
o
=
F
m



https://www.editorialmanager.com/jove/download.aspx?id=1026031&guid=f73ffddc-c15b-4565-bcca-b14980ea0e99&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026031&guid=f73ffddc-c15b-4565-bcca-b14980ea0e99&scheme=1

Table of Materials

(benzotriazol-1-yloxy) tripyrrolidinophosphonium hexafluorophosphate

1-hydroxybenzotriazole
dextran(T-40)

Name of Material/ Equipment

epichlorohydrin, 2,2’ -(ethylenedioxy)bis(ethylamine)
ferric chloride hexahydrate

ferrous chloride tetrahydrate

Human monocytic THP-1

M. bovis BCG
MRI

NH,OH

NMR relaxometer
Sephacryl S-300
Sephadex G-25

SPECTRUM molecular porous membrane tubing, 12,000 -14,000 MW cut off

TB surface antibody- Polyclonal Antibody to Mtb
transmission electron microscope

Click here to access/download;Table of Materials;JoVE_Materials.xls

Company

Sigma-Aldrich

Sigma-Aldrich

GE Healthcare Bio-sciences AB
Sigma-Aldrich

Fluka

Fluka

Pasteur Mérieux

GE medical Systems
Fluka

Bruker

GE Healthcare Bio-sciences AB
GE Healthcare Bio-sciences AB
Spectrum Laboratories Inc
Acris Antibodies GmbH

JEOL

Catalog Number

Connaught strain; Im
3.0-T, Signa

NMS-120 Minispec

BP2027
JEM-2000 EX 1I

*


https://www.editorialmanager.com/jove/download.aspx?id=1030028&guid=16050dab-f413-4dad-88db-b44d06b370f9&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1030028&guid=16050dab-f413-4dad-88db-b44d06b370f9&scheme=1

Comments/Description

muCyst Aventis



Author License Agreement (ALA)

tel. 617.945.9051
VISUALIZED EXPERIMENTS www.jove.com

&
1 Alewife Center #200
Cambridge, MA 02140

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement-10-16-18.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Synthesis, Characterization, and Application of Super-paramagnetic iron oxide nanoparticles for

Title of Article:

Extrapulmonary Tuberculosis Diagnosis

Chun-Nin Lee, Li-Hsuan Chiu, Chia-Lang Fang, Shauh-Der Yeh, Chun S. Zuo, Shih-Ching Chen,

Author(s):

Li-Kuo Kuo, Yun-Ming Wang, Wen-Fu Lai

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access

Item 2 (check one box):

Open Access

\/ The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.



http://www.jove.com/author
Shaun


Shaun


https://www.editorialmanager.com/jove/download.aspx?id=1026043&guid=013e221d-709c-4990-8fd9-6a1e005f8a95&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1026043&guid=013e221d-709c-4990-8fd9-6a1e005f8a95&scheme=1

1 Alewife Center #200
Cambridge, MA 02140
tel. 617.945.9051
WWW.jove.com

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



&
1 Alewife Center #200
l Dve Cambridge, MA 02140
e Al tel. 617.945.9051
VISUALIZED EXPERIMENTS WWWw.jove.com
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
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Date: April 8, 2019

To Science Editor
Indrani Mukherjee Ph.D.

Dear Editor Indrani Mukherjee: We already revised following the
guidance of editorial and reviewer’'s comments for JOVE58227R4,
Synthesis, Characterization, and Application of Superparamagnetic
Iron Oxide Nanoprobes for Extrapulmonary Tuberculosis Detection.
Point-to-point answers are listed in the followings.

Sincerely,

55@ /L}ﬂ‘f;

Thomas Lai

Graduate Institute of Clinical Medicine, Taipei Medical University,
250 Wuhsing St., Taipei, Taiwan 11031, ROC.

Mclean Imaging Center, McLean Hospital/Harvard Medical School,
Belmont, MA 02478, USA.

E-mail: laitw@tmu.edu.tw

Editorial comments:

1. Please combine all panels of each figure into a single image file
(one per figure, as they were in previous drafts).
Ans. All panels of each figure are combined into a single image.

2. Please explain all scale bars in the figure legends.
Ans. All scale bars are explained in the figure legend.

3. Please include the “Clin Microbiol Infect 2012; 18: E149-E157”
reference in the reference section, and cite appropriately within the
manuscript.
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