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Johns Hopkins Hospital

1,059 patient beds with >2,000 full-time
attending physicians

JHH ranked #1 in the US for 21 of the past 22
vears (including 2013)

>120,000 inpatient admissions annually;
>350,000 emergency visits annually

Johns Hopkins Medicine is #1 in federal research
support, with >S450M annually

18 Nobel Laureates are current or former JHM
scientists



Clinical Mass Spectrometry Lab




Current Lab Members




Purpose/Mission Statement

 Develop methods for clinical analyses where
gaps are identified

* Custom assay design for support of clinical
studies and trials

e Advance clinical mass spectrometry through
research and consulting
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HIV Life Cycle

Major steps in HIV infection

Adsorption of viral particles to
CD4 receptor (via gp120)

Release of HIV RNA, RT,
Integrase

Virion RT activation and viral
cDNA synthesis

Viral DNA incorporated into
host genome

Production of viral proteins

Protease-mediated
production of mature viral
particles
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Antiretroviral (ARV) Targets
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Use of ARVs in HIV Prevention

HIV Prevention Trials Network (HPTN) is a global collaborative
network focused on non-vaccine interventions of HIV transmission
prevention

Data suggest a correlation between HIV viral load and HIV
transmission (increased viral load leads to an increased likelihood of
HIV tranmission)

- ART as Treatment

Studies have demonstrated that administration of ARVs at birth
(and prenatally) prevent HIV transmission

- Pre-exposure Prophylaxis (PrEP)

Several completed and ongoing trials are focused on preventative
treatment with ARVs as pre-exposure prophylaxis in high risk
populations



High Resolution Accurate Mass MS
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Q Exactive Specifications

Mass Accuracy

Mass Range
Scan Range
Resolution

Scan Speed

Fragmentation

Dynamic Range
Polarity Switching

Q Exactive

< 1ppm with internal and < 5 ppm
with external calibration

m/z 50-4000

firstmass < m/z < 15 x first mass
140,000 @ m/z 200

12 scans/ sec

HCD with precursorand in-source
CID

within one spectrum > 5000:1

One positive and one negative
scan within 1 second at lowest
resolution

ThermoFisher
SCIENTIFIC




High Resolution

Isobaric Pesticides: Mix 1:3 Simulated
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ARV Panel
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http://upload.wikimedia.org/wikipedia/commons/7/7d/Atazanavir.png
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LC-MS/MS Analysis of ARVs prepared in drug-free
serum
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LC-MS/MS Analysis of ARVs prepared in drug-free
serum
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Nevirapine Fragmentation Analysis
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Concordance with SRM-based LC-MS/MS Methods

Concordance of ARV Screening Panel with SRM-Methods

Total hits
(either % agree
method)

Atazanavir 7 86 14

% missed by % missed by
Screen Reference

Efavirenz 22 73 18
1 78 16

Lamivudine 8

Nevirapine 76 78 16
Ritonavir 3 100 0




Concordance with SRM-based LC-MS/MS Methods

Concordance of ARV Screening Panel with SRM-Methods

Total hits
(either % agree
method)

Atazanavir 7 86 14

Efavirenz 22 73 18

Lamivudine 81 78 16

Nevirapine 16
0

76 78
Ritonavir 3 100
Performance Characteristics of ARV Screening Method

ARV Atazanavir Efavirenz Lamivudine Nevirapine Ritonavir
Sensitivity (%) 100.0 88.9 92.6 92.2 100.0
o - )

% missed by % missed by
Screen Reference

Specificity (% 99.5 98.0 91.7 92.0 100.0
PV (+, % 85.7 80.0 82.8 83.1 100.0

PV (-, %)) 100.0 99.0 96.6 96.5 100.0
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Preliminary work on TSQ Endura
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Ongoing and Planned Studies

Development of Rapid Targeted Screening method

Programming for automated data review and
compilation

Automated sample preparation for traceability

Ongoing studies in HIV Prevention

— ART as Prevention

— PrEP in IDU and SOA settings
Additional screening from same extracted plate
— Hormonal contraceptives

— Substances of abuse

Clinical trial for adherence monitoring in domestic (US)
patient care
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Background

Approached by SPH investigator for triclosan
analysis

Same group interested in parabens, BPA, and
PFCs

Sample types: urine, blood, cord blood, and
water

Offered to develop multiplex assay for all
compounds to conserve sample

Pilot project for HRMS quantification of small
molecules in our lab



Data Collection Modes

e Qualitative
— Full Scan AIF
— Full Scan dd-MS2
— SIM dd-MS2

* Quantitative
— Full Scan (no fragmentation) .
— Full Scan AIF chromatogram
— SIM

— Parallel reaction monitoring (PRM); similar to
MS/MS in QQQ methods




Analytical Method

Calibrators prepared in drug free human
serum, urine, or water

Isotopically labeled IS for each compound

Protein crash with MeOH (blood) or ACN
(urine); dilute 1:1 with water

Hypersil Gold C18, 50 x 2.1; 1.9 uM particles

So
So
Fu

vent A: 0.01% acetic acid
vent B: CAN w/0.01% acetic acid
| scan HRMS; R = 140K at 1 Hz



Triclosan

RT:.4.59
AN 6212372
SN: INF

MNL: 1.96E6

mz= 286.9399-286.9457 F
FTMS - p ES| Full ms
[145.00-550.00] MS
Genesis Serum_Neet

RT: 3.81
AA 473125
SN: 163

{
Il

MNL:1.54E5

myz= 227.1044-227.1090 F
FTMS - p ESI Full ms
[145.00-550.00] MS
Genesis Serum_Neet

I ,
J et P A g M

Methylparaben

RT-334
AA 1443712
SN: 2021

RT: 4.41 RT: 4.87 RT:5:25  RT:5.60
AA: 378566 AA: 104854 AA: 71150 AA: 358110
SN:106  SMN:;114  SN: 139  SN:114

~p ESI Full ms
145 0] MS ICIS

Serum_Neet

Propylparaben

RT. 3.82
AA 5152972
SN: 160

ML: 1.79EE

miz= 179.0685-179.0721 F
FTMS - p ES| Full ms
[145.00-550.00] MS
Genesis Serum_Neet

Ethylparaben

RT:1.65
AR 2431
SN: 19,

RT:1.94
AA: 2704
SN

RT: 3.58
AA: 1731353
SN:4310

RT:3.11 RT:3.35 RT: 4.35 RT:4.63 RT:5.38
AA4973 AA: 16783 AAIB1324 AA 101927
SN: 19 SN:85 L SN: 82 SN:92 SN: 86

AA: 66400 AN 38843

Butylparaben

RT:4.03
AA: 10250687
SN: 507

S une

Genesis Serum_Neet

SYB.Y55D-5Y5.950D
FTMS - p ESIFullms
[145.00-550.00] MS

Genesis Serum_Neet

RT. 5.26
AA 109118920
SN: INF

NL: 5.00E7

miz=
498.9266-498.9316 F
FTMS - p ESIFullms
[145.00-550.00] MS
Genesis Serum_Neet

RT:4.68
AA 24539592
SN: 407

\

412.9632-412.9674 F
FTMS - p ESIFullms
[145.00-550.00] MS

Genesis Serum_Neet

RT: 5.00
AAC 41928403
SN: INF

NL: 1.16E7
miz=
462.9598-462.9644 F
FTMS - p ESIFullms
[145.00-550.00] MS
Genesis Serum_Neet

RT:5.21
AA 47138872
SN INF

T
3.0
Time (min)




Validation

Selectivity: pre- and post-extraction analyte addition
compared to solvent spike

Accuracy: recovery at 50, 5, and 1 ppb (n=20)

Precision: %CV at 50, 5, and 1 ppb (n=20)

Freeze-Thaw Stability: comparison of pre- and post-
freeze-thaw cycle (1 cycle)

LOQ: functional sensitivity (%CV<20; bias<15%)

Carryover: analyses of high (500 ppb) and blank
samples alternately.

— Acceptable = residual signal<10% of lowest calibrator
Linearity: each calibrator injected 1x daily for 5 days

— Mean concentration must be w/in 15% of expected for
each sample
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RESULTS

Selectivity: The assay is selective for each analyte, as the pre- and
post- extraction addition of analyte sample signal were within 20%
of extraction solvent spike, across all matrix types.

Accuracy: The assay was found to lave <20% inaccuracy across
sample concentrations tested, and across both biological matrices.
The PFC’s were found to have >20% inaccuracy in water, with all
other analytes <20% in this matrix.

Precision: Precision was found to be <20% for all analytes across
matrices at 5ppb and £10% for all analytes across matrices at 50ppb,
except in the case of PFDA in urine, with %CV=14.

Freeze-thaw Stability: There was <10% variability in analyte signal
across matrix types and for all anaytes after a freeze-thaw cycle,
relative to newly-prepared samples.

Limit of Quantification: Limits of quantification were found to be 1
to 5 ppb for all analytes, across the three matrix types.

Carryover: Carryover signal was found to be <10% of the lowest
calibrator signal across all analytes and matrices.

Linearity: Linearity was found to be acceptable, with all calibrators
having signal within 15% of specified values, across multiple runs of
calibrator materials and across all analytes and matrices.

Detailed validation results are compiled in table 1.




Alternate Application (Doxorubicin)
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