1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Toxicol Commun. Author manuscript; available in PMC 2023 January 05.

-, HHS Public Access
«

Published in final edited form as:
Toxicol Commun. 2022 ; 6(1): 1-5. doi:10.1080/24734306.2021.2015551.

Macrophage Migration Inhibitory Factor as a Potential Biomarker
in Acetaminophen Overdose: A Pilot Study

Joshua Bloom1”, Teddy Uzamere?, Yasmin Hurd?, Alex F. Manini3
1Department of Emergency Medicine, Mount Sinai West, New York, NY.

2Department of Psychiatry and Department of Neuroscience, Icahn School of Medicine at Mount
Sinai, New York, NY.

3Division of Medical Toxicology, Department of Emergency Medicine, lcahn School of Medicine at
Mount Sinai, EImhurst Hospital Center, New York, NY.

Abstract

Introduction: Acetaminophen overdose is a leading cause of liver failure in the United States.
Macrophage migration inhibitory factor (MIF) is a cytokine that is released early and promotes
acetaminophen toxicity in preclinical models. This cytokine could prove a useful biomarker in

emergency department (ED) patients immediately following an acute acetaminophen overdose.

Methods: We selected a convenience sample of thirteen patients from a prospective consecutive
cohort of ED patients with suspected acute overdose. Research associates collected waste
specimens for MIF analysis that remained after use for clinical care. Our team compared patients
with confirmed acetaminophen overdose (n=9) to patients without acetaminophen exposure or
liver injury (n=3) and a patient with liver injury in the absence of detectable acetaminophen (n=1).

Results: In our acetaminophen group, all nine patients had measurable acetaminophen
concentrations. Median MIF serum concentrations were 16.08 ng/mL (IQR 2.06, 91.40) in the
overdose group compared with the control group serum concentrations of 0.19 ng/mL (IQR 0.05,
0.32) (p = 0.0091).

Conclusion: In this pilot study, MIF was feasible to measure in specimens from an ED drug
overdose cohort, and was significantly elevated in the acetaminophen group compared to non-
acetaminophen controls without liver injury.
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Introduction

Methods

Acetaminophen (APAP) overdose is a prominent cause of acute liver failure in the
United States[1]. Early prognostication is essential in this disease process since timely
administration of the antidote acetylcysteine can prevent clinical decompensation and
subsequent liver failure.

Macrophage migration inhibitory factor (MIF) is a proinflammatory cytokine and enzyme
that has been studied as a biomarker in a wide range of disease processes, including

sepsis, multiple sclerosis, and various cancers[2,3]. MIF has been the subject of

preclinical acetaminophen overdose studies that suggest it promotes toxicity, possibly by
proinflammatory mechanisms. Attenuation of MIF activity by genetic deletion and small
molecule inhibitors improved survival in a murine acetaminophen model[4-6]. A 2002 study
indicated that mice given an overdose of acetaminophen rapidly released hepatocyte MIF
into serum prior to release of transaminases[4]. In this pilot study we attempted to determine
if elevated concentrations of MIF could be similarly detected in the sera of human patients
with acetaminophen overdose, which could improve clinical management of acetaminophen-
induced liver injury.

Study Sample

We selected a convenience sample from a prospective cohort of ED patients who presented
with acute drug overdose at two urban teaching hospitals from 2016 to 2017, as previously
described[7,8]. Acetaminophen overdose was defined as patients in the cohort (i.e.

patient report of overdose) with positive acetaminophen concentrations. Non-acetaminophen
controls were randomly selected from cohort subjects with available waste specimens. We
selected patients without acetaminophen overdose or liver injury (negative controls, Patients
1-3, n=3), patients with acetaminophen overdose (Patients 4-12, n=9), and one patient with
acute liver injury with a negative acetaminophen concentration (positive control, Patient 13,
n=1). The Institutional Review Board at The Mount Sinai Hospital approved of this study.

Sample Collection and Storage

Research coordinators collected waste specimens from initial blood collections in the
emergency department after their use for clinical care. We included patients with non-
acetaminophen exposures in this study. Samples were stored at —80°C in a secure research
facility until used for research studies, and freeze-thaw cycles were minimized and

held consistent among samples. Clinical parameters of overdose such as acetaminophen
concentrations and transaminase measurements were available to the investigators by chart
review.

Transaminase Measurements

Transaminase measurements were gleaned from chart review, and the researchers did not
repeat these measurements during this study. Transaminase normal limits were 1-45 U/L for
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aspartate transaminase and 1-35 U/L for alanine transaminase. Clinical laboratories obtained
results using an Abbott Architect C16000 chemistry analyzer (Abbott Park, IL).

Sample Analysis

To analyze MIF concentrations, we used an enzyme-linked immunosorbent assay (Duoset
Kit, R&D Systems, Minneapolis, MN), which has a linear detection range of 31.2—

2000 pg/mL; samples were run in serial dilutions to ensure detection within this range.
Samples with frank hemolysis by visual inspection were documented qualitatively by the
investigators during the study before being subjected to MIF analysis.

Statistics

Given the pilot nature of the study, no formal a priori sample size calculation was performed.
We obtained demographic and overdose data along with clinical values, when available, by
chart review. Our group undertook post-hoc comparison of non-APAP patients without liver
injury to APAP patients. We compared median and interquartile range (IQR) of MIF serum
concentrations using a Mann Whitney U test, and statistical calculations were done using
Graphpad Prism 9 (San Diego, CA). Patients with only a single transaminase measurement
were treated as having identical peak and initial transaminases.

Results

Demographics and Descriptive Statistics

Of the three negative controls included in our study, the median age was 23 years, and all
were male. Our acetaminophen cohort consisted of older individuals, with a median age of
59 years. The median peak transaminases for our study were near normal limits (Table 1).

Overdose and Serum Parameters

Only three patients had acetaminophen as their sole overdose agent. When patients had co-
ingestions, none of the co-ingested medications were significant hepatotoxins. All patients
in our acetaminophen overdose cohort had a measurable serum acetaminophen. Only three
had a listed time of overdose relative to ED presentation. All except one (patient 5) received
acetylcysteine. Patient 10 did not have liver function testing results available to our research
team (Table 2).

Measurement of MIF

MIF serum concentrations were measurable for all patients included in the study. Multiple
study participants had lower values than previously published studies in normal human
subjects[9]. As MIF is present in red blood cells, we investigated whether hemolysis could
impact our MIF measurements[10,11]. In our study, samples from Patients 1, 6, 11, and 12
had visible frank hemolysis noted during sample analysis. Patient 1 had MIF concentrations
lower than the normal range expected for healthy controls (Table 1).

Our non-acetaminophen overdose controls without liver failure had a median serum MIF
of 0.19 ng/mL with an IQR of 0.27 ng/mL (0.05-0.32 ng/mL). Our overdose cohort had a
median serum MIF of 16.08 ng/mL with an IQR of 89.34 ng/mL (2.06-91.40 ng/mL), an
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elevation that was statistically significant compared to negative controls (p = 0.0091) (Table
2, Figure 1). Increased serum MIF was also noted in our acetaminophen-negative overdose
patient with acute liver injury (MIF 65.16 ng/mL).

Among our acetaminophen overdose cohort, patient 8 was noted with the lowest
acetaminophen concentration, but had the highest peak transaminases and the second
highest MIF concentration. Their timing of ED arrival after ingestion of acetaminophen

is unknown. Among patients with unknown time to ED arrival, patient 6 had the highest
acetaminophen concentration, highest MIF concentration, and had only mild elevations

in peak transaminases not exceeding 100 U/L. Patient 4 had the highest measured
acetaminophen concentration and arrived to the ED two hours post-ingestion; they did have
elevations in their transaminases during their hospital stay (not exceeding 200 U/L) but also
had the second lowest MIF concentration in the cohort. When MIF serum concentrations in
patients with acetaminophen overdose were graphed against peak ALT (where available) and
initial serum acetaminophen, there was no significant correlation (Figure 2).

Discussion

Our pilot study indicates that MIF is measurable in patients presenting to the ED with acute
overdose, and that MIF serum concentrations are significantly elevated in acetaminophen
overdose compared to patients without acetaminophen overdose or acute liver injury. In

a patient with acute liver injury in the absence of detectable acetaminophen, MIF serum
concentrations were elevated compared to normal ranges suggested by prior studies[9],
which may suggest that elevated serum MIF is not specific to acetaminophen overdose.
The effects of hemolysis on the assay are unclear, given the low number of samples with
hemolysis in our study; however, given the high concentrations of MIF in human red blood
cells, further studies should continue to consider this potential confound.

Several biomarkers have been pursued in an effort to improve diagnosis and prognostication
in acetaminophen overdose, including NAPQI-protein adducts and damage-associated
molecular patterns (DAMPS) like high mobility box group 1 (HMGB1)[12,13]. These
biomarkers continue to await clinical validation, and may be complicated to measure in an
emergency setting; notably, a NAPQI-protein adduct point-of-care assay is currently under
investigation[14]. Although it is not yet being used as a biomarker in clinical settings, MIF
can be easily measured using an ELISA assay adaptable to high throughput analysis, and
may have distinct release and detectability patterns compared to these biomarkers. We hope
that our study acts as a proof of concept that opens further, larger studies on the clinical use
of this biomarker.

Limitations

This was a pilot study performed without a priori sample size calculation in two urban EDs
in the American Northeast, which limits the generalizability of our findings. Demographics
were not controlled between non-acetaminophen and acetaminophen overdose patients, and
multiple patients took additional xenobiotics with acetaminophen in overdose.
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The sample analyzed from a patient with acute liver injury and a negative acetaminophen
concentration may represent a non-acetaminophen overdose with acute liver injury, or a late
presenting acetaminophen patient who developed subsequent liver injury. Unfortunately, we
did not have access to adduct testing or similar methods to assess this, nor did we have
access to other types of hepatic injury patients in order to pursue the question of MIF’s
specificity further.

Our research group did not have access to clinical data on outcomes for patients aside from
peak transaminases. Based on this readout, only four of nine patients experienced elevated
transaminases as a result of their overdose, suggesting a low disease burden in our overdose
cohort. Only two of these patients had peak transaminases over 100 U/L: patient 4 had the
highest measured acetaminophen concentration, but their concentration of MIF was only
minimally increased compared to controls; patient 8 had the highest peak ALT, and the
second highest MIF concentration. Of note, most patients with acetaminophen overdose
received acetylcysteine, despite some (eg. Patient 11) not meeting criteria as described by
the nomogram of Rumack and Matthew[15]. This may have attenuated liver injury from
their overdose.

Conclusion

Funding:

This pilot study highlights the potential of MIF as a clinical biomarker in acetaminophen
overdose. Unlike other investigated biomarkers, MIF is easily measured and may be
elevated early in the disease process. Future studies of MIF in early risk stratification of
acetaminophen overdose are warranted.
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not necessarily represent the official views of the NIH.
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Figure1: MIF isElevated in Serum from an Over dose Population.
MIF serum concentrations were compared between an overdose cohort (acetaminophen

overdose) and negative controls (no acetaminophen overdose or liver injury). Results are
displayed as box plots representing median/IQR, with individual patient values represented
for each group; p = 0.0091 using a Mann-Whitney U test.
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Figure 2: Serum MIF with Acetaminophen and Peak ALT Concentrationsin Overdose Patients.
Measured concentrations of MIF were plotted against (a) initial serum acetaminophen and

(b) peak ALT obtained during the corresponding patient’s clinical course, when available.
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Table 1:
Demographics and Descriptive Statistics.

Where applicable, values for median and range are provided.

Control (n=3)

Overdose (n =9)

Medlian age, years (range)
Sex, number male
Race/ethnicity, number

White

Black

Asian

Non-white Hispanic

Other
Serum acetaminophen, median mcg/mL (range)
Peak serum AST, median U/L (range)
Peak serum ALT, median U/L (range)

23 (21-36)
3

N O O kO

N/A
N/A
N/A

59 (29-68)
5

w W kO N

79.8 (24.1-595.5)
51 (12-2405)
45 (14-1927)
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