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Immune checkpoint (IC) therapy provides substantial benefits to
cancer patients but can also cause distinctive toxicities termed
immune-related adverse events (irAEs). Biomarkers to predict
toxicities will be necessary to improve management of patients
receiving IC therapy. We relied on serological analysis of recombi-
nant cDNA expression libraries to evaluate plasma samples from
patients treated with IC therapy and identified autoantibodies,
both in pretreatment and on-treatment samples prior to the
development of irAEs, which correlate with the development of
immune-related hypophysitis (anti-GNAL and anti-ITM2B autoan-
tibodies) and pneumonitis (anti-CD74 autoantibody). We developed
an enzyme-linked immunosorbent assay and tested additional pa-
tient samples to confirm our initial findings. Collectively, our data
suggest that autoantibodies may correlate with irAEs related to IC
therapy, and specific autoantibodies may be detected early for the
management of irAEs.

hypophysitis | pneumonitis | autoimmune antibody | immune checkpoint
therapy | immune-related adverse events

mmune checkpoint (IC) therapies targeting cytotoxic T lym-
phocyte antigen-4 receptor (CTLA-4), programmed death-1
(PD1), and programmed death-ligand 1 (PD-L1) have provided
substantial clinical benefit to cancer patients (1, 2). In addition to
its intended antitumor effect, IC therapy can also cause distinctive
toxicities termed immune-related adverse events (irAEs), such as
dermatitis, colitis, hepatitis, hypophysitis, and pneumonitis (3-5).
When anti-CTLA-4 and anti-PD1 are combined, 40 to 50% of
treated patients develop irAEs of grade 3 or higher, which result in
significant morbidity and mortality (6, 7). Therefore, early di-
agnosis and timely management of these irAEs are essential for
maximizing the clinical use and benefits of IC therapy.
Hypophysitis is a serious irAE experienced by a subset of patients
who receive IC therapy. It is defined as an inflammatory disease of
the pituitary gland, characterized by an infiltration of the pituitary
gland with immune cells, mainly lymphocytes and plasma cells, which
leads to expansion and atrophy of the pituitary (8-10). A recent study
using a mouse model of autoimmune hypophysitis showed that
T cells infiltrated the mouse pituitary gland, proliferated, and se-
creted IFN-y and interleukin-17 (IL-17). Similarly, T cells were found
to infiltrate the pituitary gland in patients affected by autoimmune
hypophysitis (11). However, to our knowledge, there have been no
systemic studies in patients implicating autoimmune antibodies in
the development of hypophysitis in response to IC therapy.
Pneumonitis is another life-threatening adverse event that has
been observed in patients who receive IC therapy, and it is de-
fined as inflammation of the lung parenchyma, similar to what
is observed in interstitial lung disease (12). The mechanism re-
sponsible for IC therapy-induced pneumonitis remains poorly un-
derstood, but currently available evidence suggests that ipilimumab-
induced pneumonitis involves dysregulated effector and regulatory
T cells in the pulmonary interstitium, leading to an inflammatory
response (13). On the other hand, the mechanism of anti-PD1-
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induced pneumonitis is thought to be influenced by PD-L2, which
is detected in numerous types of antigen-presenting cells such as
macrophages and dendritic cells (14). It is not clear whether auto-
immune antibodies are involved in the development of hypophysitis
Or pneumonitis.

By taking advantage of the high-throughput serological anal-
ysis of recombinant cDNA expression (SEREX) technique that
enables large-scale screening of autoantibodies in the plasma of
IC-therapy-treated patients against the cDNA expression library
that expresses over 2 x 10° antigen fragments of a target organ,
we carried out experiments to evaluate the role of autoantibodies
in IC-therapy-induced irAEs. We identified autoantibodies against
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A substantial portion of cancer patients treated by immune
checkpoint (IC) therapy develop immune-related adverse
events (irAEs), which result in significant morbidity and mor-
tality. We sought to understand the mechanisms of these irAEs
and to identify biomarkers to predict irAEs to maximize the
clinical benefits of IC therapy. We screened plasma samples
from patients who developed IC therapy-induced hypophysitis
or pneumonitis against a cDNA expression library of the brain
or lungs and directly identified autoimmune antibodies corre-
lating with hypophysitis or pneumonitis. Our data suggest that
these autoantibodies correlate with hypophysitis or pneumo-
nitis and should be tested as the first predictive biomarkers for
early detection, timely treatment, and close monitoring of
these 2 potentially fatal irAEs.
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Plasma anti-GNAL and anti-ITM2B autoantibodies correlate with IC-therapy-induced hypophysitis. (A) Schematic illustration of the SEREX-based

identification of IC-therapy-induced toxicity-related autoantibodies and confirmation process. (B) Workflow to identify autoantigens (Ag) by SEREX and to
confirm hypophysitis-related autoantibodies. (C) Anti-GNAL and (D) anti-ITM2B autoantibody fold change in response to IC therapy in the plasma of discovery
cohort patients (hypophysitis = 3; without hypophysitis = 6). (E) Anti-GNAL and (F) anti-ITM2B autoantibody fold change in the plasma of confirmation cohort
patients (hypophysitis = 5; without hypophysitis = 15). (G) Anti-GNAL autoantibody levels in pre- and posttreatment in the confirmation cohorts. Values
represent pre- and posttreatment levels, and fold changes represent increase from baseline in response to IC therapy. All boxplots have median center values.

*P < 0.05; **P < 0.01; ***P < 0.001.

guanine nucleotide-binding protein G(olf) subunit alpha (GNAL)
and integral membrane protein 2B (ITM2B) that were associated
with IC-therapy—induced hypophysitis, and an autoantibody against
CD74 that was associated with IC-therapy-induced pneumonitis.
We then used recombinant GNAL, ITM2B, and CD74 proteins to
design an enzyme-linked immunosorbent assay (ELISA) to con-
firm the SEREX screening findings in independent discovery and
confirmation cohorts of patients. We also found that these iden-
tified autoantigens were expressed in target organs, i.e., in the pi-
tuitary gland and lungs, respectively.

Table 1.
response to ipilimumab

Gene name and description

Results

Identification of Hypophysitis-Related Autoantibodies. To identify
autoantibodies in patients with immune-related hypophysitis, we
utilized SEREX (15) as shown in Fig. 14. All patient samples
were collected after appropriate informed consent was obtained
on MD Anderson Cancer Center institutional review board-approved
protocols (protocol PA13-0291, protocol 2009-0135, and protocol
2009-0378). We tested pre- and posttreatment samples from 3
patients with IC-therapy-induced hypophysitis and designated
these 3 patients as our discovery cohort. Information regarding

Shared increased autoantibodies/autoantigens between hypophysitis patients 1, 2, and 3 in

Molecular functions and associated diseases

GNAL, G-protein alpha-activating activity
polypeptide olfactory type
ITM2B

Mediates odorant signaling in olfactory epithelium; associated with
dystonia 25
Associated with ganglion cell abnormalities, cerebral amyloid

angiopathy, and familial British and Danish dementia

MIIP
PTGDS

Suppresses tumors by inhibiting cell migration and invasion
Involved in variety of central nervous system functions such as

sedation, non-rapid-eye-movement sleep, and prostaglandin 2-
induced allodynia

APH1A gamma secretase

Catalyzes the cleavage of Notch receptor and beta-amyloid precursor

protein, associated with Alzheimer’s disease

ERMN (ERM-like protein)

Plays a role in late-stage oligodendroglia maturation, myelin/Ranvier

node formation
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Table 2. Associations between selected markers and adverse outcomes

Marker Unit for odds ratio N  Odds ratio (95% CI) AUC for ROC P value
Predicting hypophysitis
GNAL fold change 0.10 20 5.13 (1.95, infinity) 1.00 <0.001
GNAL pretreatment 0.10 20 2.66 (1.14, 7.29) 0.79 0.02
GNAL posttreatment 0.10 20 2.77 (1.30, 9.03) 0.92 0.004
ITM2B fold change 0.10 20 3.93 (1.59, infinity) 1.00 <0.001
ITM2B pretreatment 0.10 20 0.99 (0.20, 4.31) 0.55 >0.99
ITM2B posttreatment 0.10 20 3.28 (0.88, 15.99) 0.75 0.08
Predicting pneumonitis
CD74 fold change 0.01 32 1.54 (1.07, 2.21) 1.00 0.02
CD74 pretreatment 0.01 32 1.25 (1.03, 1.52) 0.76 0.03
CD74 posttreatment 0.01 32 1.66 (1.14, 2.42) 0.95 0.01

Due to the separation of values between those with and without the adverse outcome, the odds ratios are
very high, and the small sample sizes mean large confidence intervals. The units for the odds ratio show a
continuous effect for every increment of that size over the narrow range of values present in our samples (Figs.
1 and 2). For example, a patient with a GNAL fold increase 0.10 higher than another patient is estimated to be
5.1 times more likely to have hypophysitis than the patient with the lower increase. Due to the very small sample
size, the confidence interval for this estimate varies widely (1.95, infinity). Similarly, an increase of 0.25 (not
shown) is associated with an odds ratio and confidence interval of 59.7 (5.3, infinity). The effect is so large for
CD74 that the odds ratio unit is 0.01. An increase of 0.25 (not shown) is associated with an odds ratio and
confidence interval of 50,294 (6, 422,160,000). P values set in boldface indicate statistical significance. ROC,

receiver operating characteristic.

these 3 patients (patients 1, 2, and 3) can be found in SI Ap-
pendix, Tables S1 and S2. We identified a total of 83 candidate
genes that may encode proteins reactive to autoantibodies in
the plasma samples (SI Appendix, Tables S3-S5). Among these
83 genes, 57 displayed higher levels of reactivity in posttreatment
plasma as compared to those in pretreatment plasma, suggesting
an increase of their corresponding autoantibodies in response to
IC therapy (SI Appendix, Tables S6-S8). Cross-screening of
positive clones from 1 patient with plasma from the other 2
patients revealed that all 3 patients shared autoantibodies re-
active to 6 potential proteins including GNAL, ITM2B, migration
and invasion inhibitory protein (MIIP), prostaglandin D2 synthase
(PTGDS), APHIA gamma secretase (APH1A), and ERM-like
protein (ERMN) (Fig. 1B and Table 1).

To determine which of the 6 proteins correlated with hypo-
physitis, we used patient plasma samples in ELISAs that we
developed for these 6 recombinant proteins. We identified au-
toantibodies to GNAL and ITM2B, but not the other 4 proteins
correlated with hypophysitis, using plasma of the 3 patients with
IC-therapy-induced hypophysitis. In patients with hypophysitis,
we found a median of 1.7-fold increase in autoantibody levels
against GNAL in posttreatment samples as compared to pre-
treatment samples. However, in patients without hypophysitis,
we did not observe a significant increase in autoantibody levels
against GNAL in posttreatment samples as compared to pre-
treatment samples. The median fold increase in patients with
hypophysitis was significantly higher as compared to that in pa-
tients without hypophysitis (Fig. 1C). Similarly, in patients with
hypophysitis, we found a median of 2.5-fold increase in auto-
antibody levels against ITM2B in posttreatment samples as
compared to pretreatment samples. However, in patients without
hypophysitis, we did not observe a significant increase in auto-
antibody levels against ITM2B in posttreatment samples as
compared to pretreatment samples. The median fold increase in
patients with hypophysitis was significantly higher as compared
to that in patients without hypophysitis (Fig. 1D). This finding
was verified in a confirmation cohort of 20 patients, consisting of
5 with and 15 without hypophysitis (Fig. 1 E and F). In patients
with hypophysitis we found a median 1.49-fold increase for anti-
GNAL autoantibodies (Fig. 1E) and a 1.7-fold increase for anti-
ITM2B autoantibodies (Fig. 1F) when comparing pre- and
posttreatment plasma. These values were significantly higher

22248 | www.pnas.org/cgi/doi/10.1073/pnas.1908079116

when compared to patients without hypophysitis (Fig. 1 E and
F). These data show that fold change in autoantibodies against
GNAL or ITM2B with IC therapy are associated with future
development of hypophysitis. The fold changes of anti-GNAL
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Fig. 2. Plasma anti-CD74 autoantibody correlates with IC-therapy-induced
pneumonitis. (A) Workflow to identify autoantigens (Ag) by SEREX and to
confirm pneumonitis-related autoantibodies. (B and C) Anti-CD74 autoan-
tibody fold change in response to IC therapy in the plasma of the discovery
(B) (pneumonitis = 2; without pneumonitis = 6) and the confirmation (C)
(pneumonitis = 10; without pneumonitis = 22) cohorts. (D) Anti-CD74 au-
toantibody levels in pre- and posttreatment in the confirmation cohort.
Values represent pre- and posttreatment levels, and fold changes represent
the increase from baseline in response to IC therapy. All boxplots have
median center values. **P < 0.01; ***P < 0.001.
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and anti-ITM2B autoantibodies were significantly associated
with the development of hypophysitis with a complete separation
between values for patients with and without hypophysitis (area
under the curve [AUC] = 1; P < 0.001 for each [Table 2]). We
also noted a temporal relationship between the autoantibody levels
and hypophysitis with increased anti-GNAL and anti-ITM2B

A
H&E
GNAL

B
H&E
ITM2B

C
Normal

lung

Fig. 3. GNAL and ITM2B are expressed in normal human pituitary gland tissue
and increased expression of CD74 in the lung of a pneumonitis patient. (A and
B) IHC staining of normal human pituitary gland shows GNAL (A4) and ITM2B (B)
expression on the glandular epithelium. Arrows indicate the expression levels:
(a) strong, (b) moderate, (c) light, and (d) negative. (C) IHC staining of human
lung shows considerably higher expression of CD74 in the lung of a patient
with IC-therapy—induced pneumonitis than that in a normal lung.

Tahir et al.

Table 3. Shared increased autoantibodies/autoantigens
between pneumonitis patients 1 and 2 in response to IC therapy

Molecular functions and

Gene name and description associated diseases

CD74 MHC class Il chaperone and cell-
surface receptor for MIF,
associated with lung
inflammation, immune diseases,
and various cancers

SGK1 Regulates ion channels, membrane

transporters, mediates
ventilator-induced lung injury,
associated with
pseudohypoaldosteronism

autoantibody levels at the onset of symptoms as compared to
baseline (SI Appendix, Fig. S1 A-D). However, we do not know
whether anti-GNAL and anti-ITM2B autoantibodies decreased to
baseline levels at resolution of the hypophysitis due to lack of
sample collection at those time points. Interestingly, we found
significantly higher levels of autoantibody against GNAL at pre-
and posttreatment plasma of patients with hypophysitis com-
pared with those without hypophysitis in the confirmation co-
hort (Fig. 1G), suggesting that a preexisting autoantibody
against GNAL at baseline as well as after treatment may be
associated with increased risk of IC-therapy—induced hypo-
physitis. Similar data were not observed for autoantibody
against ITM2B. These findings suggest that anti-GNAL autoan-
tibody warrants further investigation as a potential predictive and
on-treatment biomarker for IC-therapy—induced hypophysitis,
whereas anti-ITM2B autoantibody may be investigated as
a potential on-treatment biomarker for IC-therapy-induced
hypophysitis.

Identification of Pneumonitis-Related Autoantibodies. We also car-
ried out SEREX to identify autoantibodies in patients with IC-
therapy—induced pneumonitis (Fig. 14). We tested pre- and
posttreatment samples from 2 patients with IC-therapy—induced
pneumonitis and designated these 2 patients (patients 1 and 2) as
our discovery cohort (SI Appendix, Tables S9 and S10). We
identified a total of 99 candidate genes that may encode proteins
reactive with autoantibodies (SI Appendix, Tables S11 and S12).
Among the 99 genes, 36 displayed increased reactivity in re-
sponse to IC therapy (S Appendix, Tables S13 and S14). These 2
patients shared autoantibodies reactive with 2 proteins including
CD74 and serum/glucocorticoid-regulated kinase 1 (SGK1) (Fig.
24 and Table 3). To determine which of the 2 proteins corre-
lated with pneumonitis, we used plasma samples from these 2
patients in ELISAs that we developed for these 2 recombinant
proteins. We identified autoantibodies against CD74 but not SGK1
correlated to pneumonitis. In patients with pneumonitis, we found
a median 1.75-fold increase in autoantibody levels against CD74 in
posttreatment samples as compared to pretreatment. However, in
patients without pneumonitis, we did not observe a significant in-
crease in autoantibody levels against CD74 in posttreatment sam-
ples as compared to pretreatment samples. The median fold
increase in patients with pneumonitis was significantly higher as
compared to that in patients without pneumonitis (Fig. 2B). This
finding was verified in a confirmation cohort of 32 patients, 10 with
and 22 without pneumonitis (Fig. 2C). In patients with pneumonitis,
we found a median 1.34-fold significant increase of autoantibodies
against CD74 when comparing pre- and posttreatment plasma
samples. However, in patients without pneumonitis, we did not
observe a marked increase in autoantibodies against CD74 when
comparing pre- and posttreatment plasma samples (Fig. 2C).
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These data show that fold change in autoantibodies against CD74
with treatment is associated with development of pneumonitis.
According to the exact logistic regression statistical model, the
fold change in CD74 measure had a complete separation between
values for patients with and without pneumonitis (AUC = 1; P =
0.02 [Table 2]). In addition, we found that autoantibody levels
against CD74 in pre- and posttreatment were significantly increased
in patients with pneumonitis compared with those without pneumo-
nitis in the confirmation cohort (Fig. 2D). Therefore, anti-CD74
autoantibody may be useful in identifying patients likely to develop
pneumonitis, both before starting treatment and after initial
treatment.

Expression of GNAL and ITM2B in Human Pituitary and CD74 in Lung
Tissues. In order for GNAL and ITM2B autoantibodies to play a
role in hypophysitis development, the pituitary gland must express
the target proteins that react with these 2 autoantibodies. Therefore,
we examined whether GNAL and ITM2B proteins are expressed in
human pituitary tissue. As expected, immunohistochemical (IHC)
analysis showed that both GNAL and ITM2B were expressed in
the pituitary glandular epithelium, but not in the stromal com-
ponent (Fig. 3 A and B). Similarly, in order for CD74 autoanti-
body to play a role in pneumonitis, the lung tissues must express
the target protein that reacts with this autoantibody. Therefore,
we examined the expression of CD74 protein in normal human
lung tissue and the lung tissue of a patient who developed
pneumonitis from IC therapy. We found that normal human lung
tissue expresses modest levels of CD74, but CD74 expression
levels were dramatically higher in the lung of the patient with IC-
therapy—induced pneumonitis (patient 4) (Fig. 3C), suggesting
that anti-CD74 could play an important role in the development
of pneumonitis.

Discussion

Tremendous efforts have been made to identify potential pre-
dictive biomarkers for IC-therapy—induced irAEs. These efforts
include evaluation of immune cell phenotyping (16), cytokine
assays (17), immune repertoire analysis (18), genetic variability
of immune regulation (19), gastrointestinal microbiome diversity
(20), and autoantibodies (21), etc. Among these potential bio-
markers, autoantibodies have garnered particular interest as they
can be easily detected from minimally invasive blood collection.
A recent study investigating the autoantibody repertoire of a
small number of patients with advanced metastatic melanoma
treated with ipilimumab demonstrated that patients who de-
veloped irAEs were characterized by increases in the repertoire
of autoantibodies directed against both self and cancer antigens
at time points that preceded the development of the toxicity (21).
Another recent study identified increased levels of specific B cell
populations, including antibody-producing plasmablasts, in pa-
tients receiving combination IC therapy treatment. Interestingly,
these changes preceded and correlated with both the frequency
and the timing of irAEs (22). In fact, a few pituitary autoanti-
bodies, including anti-thyrotrophs, anti-corticotrophs, and anti-
gonadotrophs, have been reported to be increased in patients
with hypophysitis (23).

GNAL is expressed primarily in the olfactory neuroepithelium,
brain, spleen, lung, heart, pancreas, and testis (24). GNAL binds
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to D1 dopamine and A2A adenosine receptors, which leads to
the activation of adenylyl cyclase and the cAMP-signaling path-
way. In the pituitary, cCAMP has been established as a key signal
molecule that controls responsiveness to mitogens and secreta-
gogues. It stimulates both cell proliferation and hormone syn-
thesis and/or secretion including thyroid stimulating hormone
(TSH) (25-29). Therefore, autoantibodies against GNAL may
contribute to the development of hypophysitis and may lead to a
decrease in TSH, an early marker of IC-therapy—induced hypo-
physitis (30). ITM2B is expressed in human brain, retina, heart,
placenta, kidney, pancreas, and liver tissues (31-33). ITM2B
stimulates the secretion of insulin-degrading enzyme in the brain
and causes the stimulation and release of the pituitary hormone
ACTH through the elimination of the inhibitory effect of guanylate
cyclase GC (34-36). Therefore, autoantibody against ITM2B may
contribute to a decrease of ACTH, another hallmark of IC-therapy—
induced hypophysitis.

Similarly, agonistic anti-CD74 antibody has been reported to
act through CD74, an intracellular chaperone molecule for
MHCI], but can be expressed on the cell membrane of immune
cells including macrophages (independent from MHC II) to
serve as a high-affinity receptor for macrophage migration-
inhibitory factor (MIF) (37, 38) to stimulate expression of in-
flammatory mediators (39). Overexpression of CD74 has been
reported in human interstitial pneumonitis (40) and mouse acute
lung injury (41). In addition, a recent report demonstrated that
distinct baseline antibody profiles may be associated with severe
irAEs in melanoma patients treated with IC therapy (42). De-
spite these findings, no validated biomarkers have been found to
date to predict irAEs.

We show that 1) anti-GNAL and anti-ITM2B autoantibodies
are associated with the development of IC-therapy-induced
hypophysitis and that anti-CD74 autoantibody is associated
with IC-therapy—induced pneumonitis development; 2) anti-
GNAL autoantibody has the potential to act as both a pre-
dictive and an on-treatment biomarker for IC-therapy-induced
hypophysitis, whereas anti-ITM2B autoantibody has the poten-
tial to act as an on-treatment biomarker for IC-therapy-induced
hypophysitis; and 3) anti-CD74 autoantibody has the potential to
act as both a predictive and an on-treatment biomarker for IC
therapy-induced pneumonitis. Our findings warrant further in-
vestigation in larger, prospective studies. If confirmed in larger
studies and validated in future studies as predictive biomarkers,
these autoantibodies will serve an important role to enable early
detection, close monitoring, and timely treatment of hypophysitis
or pneumonitis with immunosuppressive and other supportive
therapies and thus maximize clinical benefits of IC therapy for
cancer patients.
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