
Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 24 (2021) 100258

Available online 27 June 2021
2405-5794/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Case Report 

Elevated Notch ligands in serum are associated with HIV/TB coinfection 
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Objective: There is a clear need for improved biomarkers to diagnose HIV/TB coinfection. Although numerous 
tests can identify the existence of both of these microbes within the host, a parallel assessment of the host 
response to HIV/TB coinfection may prove as useful confirmation in cases where microbiological tests are 
inconclusive. To this end we assessed the levels of Notch ligands found in serum samples of patients with TB, HIV 
or HIV/TB coinfection. The Notch system is involved in almost every stage of development, including the 
maturation of the immune response. Upon exposure to a pathogen, the innate immune system will increase 
expression of Notch ligands Delta-like 1 and Delta-like 4. Previous research has demonstrated that Notch ligand 
expression is increased on monocytes from patients diagnosed with tuberculosis. We hypothesized that if Notch 
ligands were present in the peripheral blood of individuals diagnosed with TB, they may serve as a novel marker 
for infection. 
Design: Serum samples from patients with HIV, TB or HIV/TB coinfection were compared to serum from unin-
fected individuals to determine levels of DLL1 and DLL4 in a case controlled study. 
Methods: DLL1 and DLL4 were measured by ELISA. Linear regression with post tests were used to determine if 
levels of DLL1 and DLL4 were increased in individuals with HIV/TB coinfection as compared to individuals 
infected with either HIV or TB or healthy controls. 
Results: Delta-like 1 and Delta-like 4 were significantly increased in the serum of patients with HIV and HIV/ M. 
tuberculosis coinfection compared to other groups. 
Conclusions: Assessment of Notch ligands in peripheral blood may enhance the diagnosis of individuals with 
active TB that are co-infected with HIV. The study will also need to be validated in in a larger cohort.   

1. Introduction 

The mammalian Notch system consists of 4 ligands and 5 receptors 
that dynamically interact to regulate cell function[1]. Notch ligands, 
expressed on many cell types throughout the course of development, 
transmit signals to nearby cells expressing Notch receptors that result in 
cellular differentiation and the expression of specific gene programs 
[2,3]. Within the hematopoietic system, Notch ligand expression is used 
to govern T cell education and differentiation in lymphocyte precursors 
that enter the thymus[1,4]. Mature T cells also encounter Notch ligands 
in the periphery on antigen-presenting cells (APCs) and stromal cells 
[5,6]. The Notch/Notch ligand interactions that occur between T cells 

and APCs are known to influence T cell survival, proliferation and 
cytokine secretion in viral infections, autoimmunity and chronic disease 
states[7–10]. 

The expression of Notch ligands on APCs is in part affected by host 
pathogen interactions. For example, the ligand DLL4 is upregulated as a 
result of MyD88 signaling in dendritic cells [11,12], and the ligand DLL1 
is expressed on the surface of macrophages in response to high levels of 
type 1 interferon (T1IFN)[13]. As numerous studies have demonstrated 
that active TB carries a T1IFN gene signature[14–16], we sought to test 
for the presence of DLL1 and DLL4 in both latent and active TB. 
Although many diagnostics exist for TB, a rapid, inexpensive, easy-to- 
use, sensitive and specific diagnostic that works in low-resource 
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settings remains elusive. We hypothesized that the presence of Notch 
ligands in peripheral blood of individuals with TB infection may 
contribute to the development of such a diagnostic. Although our hy-
pothesis was incorrect, we observed that the measurement of Notch li-
gands may have some utility in the diagnosis of HIV/TB coinfection. 

1.1. Materials and Methods 

1.1.1. Participants 
De-identified serum samples were obtained from the FIND di-

agnostics serum bank with the primary goal of determining if soluble 
Notch ligands were present in patients infected with tuberculosis. The 
research was classified as not regulated under University of Michigan 
IRB HUM00100328 and conforms to all guidelines set forth by this 
board. A summary of the covariables of the 78 samples is described in 
Table 1. All samples were from a cohort developed by FIND in South 
Africa (including 8 HIV+/SS- and 10 HIV+/SS+ individuals) or Viet 
Nam (30 HIV-/SS+ and 30 HIV-/SS-). Active pulmonary TB infection 
was determined by a sputum smear with acid-fast bacteria and 
confirmed by bacterial culture and HIV was diagnosed by PCR. No cases 
of extrapulmonary TB were used in this study. 

2. ELISA 

DLL1 was measured using a Quantikine ELISA kit from R&D 
(#DLL10) following manufacturer’s instructions. DLL4 was measured 
using a matched antibody pair from Sino Biologicals (SEK10171) using 
tetramethylbenzidine (TMB) substrate (Millipore Sigma) for detection as 
recommended by the manufacturer and a standard laboratory protocol 
[17]. 

Both DLL4 and DLL1 antigens were detected when following these 
protocols. The blank-corrected absorbances of the standard curve mea-
surements indicated that both DLL1 and DLL4 had a comparable sensi-
tivity. We detected a minimal amount DLL4 in SS-/HIV- individuals 
(mean 112 pg/mL ± 140.7), whereas DLL1 was present at a higher level 
in the same group (mean 1743 pg/mL ± 398 in SS-/HIV-) (Fig. 1). The 
antibody pair used in the DLL4 assay did not detect DLL1, and the 
antibody pair used in the DLL1 assay did not detect DLL4, thus elimi-
nating cross-reactivity as a source of signal in our assays. 

3. Statistical methods 

Linear regression was performed using SPSS (version 21) and used to 
determine overall significance. Receiver operator curves were generated 
in GraphPad Prism. 

3.1. Results 

We measured both DLL1 and DLL4 in the serum of patients from 
South Africa and Viet Nam, as detailed in Table 1. The cohort included 
18 individuals from South Africa infected with HIV, of which 8 had a 
confirmed case of TB (HIV+/SS+) and 10 were negative for TB (HIV+/ 
SS-). The remainder of the samples consisted of 60 HIV- individuals, of 
which 30 were diagnosed with TB (HIV-/SS+) and 30 were negative for 
TB (HIV-/SS-). Of the 30 individuals that were negative for TB by 
sputum smear, 10 had a history of previous TB infection. Active infec-
tion with M. tuberculosis was determined by consecutive sputum smears 
and confirmed by both chest x-ray and mycobacterial culture in sputum 
smear positive (SS+) individuals. HIV status was determined by a 
standard PCR test for all individuals. 

We observed that the levels of DLL1 and DLL4 were upregulated in 
the serum of patients that were diagnosed with HIV or HIV/TB co- 
infection (Fig. 1 A-B). Linear regression, using DLL1 or DLL4 as depen-
dent variables and the type of infection (HIV, TB, or HIV/TB) as the 
independent variables indicated HIV infection accounted for 61% (r2 =

0.617) of the variation in DLL1 levels and 83% (and r2 = 0.836 ) of the 
variation in DLL4 levels compared to subjects not infected with HIV 
(Fig. 1 A-B). We observed the highest levels of Notch ligands in the 
serum of individuals with HIV/TB coinfection. ANOVA analysis in-
dicates that both DLL1 and DLL4 levels were significantly increased in 
the serum of HIV+/SS+ individuals compared individuals in the HIV+/ 
SS-, HIV-/SS+ or HIV-/SS- groups. To test the sensitivity and specificity 
of Notch ligands as a diagnostic for HIV/TB coinfection we generated 
receiver operator curves for each ligand (Fig. 1 C-F). Both ligands were 
sensitive and specific for HIV/TB coinfection when compared to in-
dividuals HIV+/SS- or HIV-/SS+ or uninfected individuals, with an area 
under the ROC of 0.96 for DLL1 and 0.97 for DLL4. We then generated 
ROC curves using only the HIV+/SS- individuals in the as the control 
population. In this scenario, the area under the ROC was 0.73 for DLL1 
and 0.86 for DLL4. Receiver operator curve analysis for HIV/TB co- 
infection suggest that Notch ligands DLL1 and DLL4 are a sensitive 
and specific assay to distinguish individuals with HIV/TB co-infection in 
this pool of samples (Fig. 1 C-F). 

3.2. Discussion 

In the past decade, the number of HIV- TB cases has declined while 
the number of individuals with HIV/TB coinfection has remained 
consistent [18]. This persistence is in part due to difficulty diagnosing 
TB infection in people living with HIV (PLHIV), which often present as 
negative for TB by both the sputum smear and interferon gamma release 
assay test [19]. The most accurate test for detection of pulmonary TB 
infections in PLHIV is the Xpert MTB/RIF assay, with a sensitivity of 
80% [20]. However, the Xpert test has variable sensitivity for the 
diagnosis of extrapulmonary TB [21] and may not be an effective tool for 
the diagnosis of extrapulmonary infection PLHIV. Detection of lip-
oarabinomannan (LAM) in urine comprises a second test that is 
commonly used to diagnose TB in PLHIV [22]. Lateral flow LAM tests 
can function as a point-of-care test and have the advantage of being 
inexpensive and easy to use. The tests also have a good specificity, 
ranging from 90 to 98 percent depending on the clinical setting. How-
ever, the sensitivity of the assay in inversely correlated with CD4+ T cell 
counts, with the highest sensitivity being in those individuals with a 
CD4+ T cell count of less that 100 [23]. In this context the use of a blood- 
based marker to determine TB infection in an HIV+ individual may fill a 
niche in the suite of diagnostics needed to control TB, especially if it is 
independent of CD4 + T cell counts (CD4+ T cell counts were not 
determined in the samples analyzed in this manuscript). Current blood- 
based diagnostic tests have shown promise in detecting TB infection in 
PLHIV [24]. Measurement of Notch ligands in may increase the accuracy 
of these diagnostics, functioning as a test to determine if PLHIV are 
infected with TB. This hypothesis is confirmed by a study that finds 

Table 1 
Study patient characteristics.   

HIV+/ 
SS+n =
10 

HIV+/ 
SS− n =
8 

HIV-/ 
SS+n =
30 

HIV-/ 
SS− n =
30 

p-value 

Age (years) 37 ± 8 33 ± 5 34 ± 12 60 ± 17 p <
0.0001 

Sex (male) 8 (80%) 6 (75%) 19 
(63%) 

24 
(80%) 

p =
0.48 

Former or current 
smoker 

1 (10%) 6 (75%) 12 
(40%) 

23 
(77%) 

p =
0.0005 

BCG vaccination 7 (70%) 7 (88%) 16 
(53%) 

1 (3%) p <
0.0001 

Previously received 
medication to 
treat TB 

7 (70%) 3 (38%) 8 (27%) 24 
(80%) 

p =
0.0003 

Country of origin South 
Africa 

South 
Africa 

Viet 
Nam 

Viet 
Nam   
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Fig. 1. Elevated levels of DLL1 and DLL4 in HIV and HIV/TB co-infection. A standard sandwich ELISA was run on serum from 78 patients. A) ANOVA analysis 
indicates that DLL1 levels are significantly upregulated in all individuals with HIV (***p < 0.0001) and individuals with HIV/TB co-infection (**p = 0.0025). B) 
ANOVA analysis indicates that DLL4 levels are significantly upregulated in all individuals with HIV and individuals with HIV/TB co-infection (***p < 0.0001). Gray 
dots are subcategories of the data depicted in the black dots and not a separate set of data. C&D) ROC curves to determine if Notch ligands are a sensitive and specific 
assay for HIV/TB co-infection when compared to all other samples in the cohort. The area under the curve is 0.96 for DLL1 and 0.97 for DLL4. 
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elevated levels of DLL1 in the spinal fluid of HIV+ patients diagnosed 
with TB meningitis [25]. Because Notch ligands are elevated as part of 
the host response to infection, this test lacks any information on the 
presence of genes related to antibiotic resistance. The use DLL1 as a 
blood-based marker also does not indicate the location of the infection. 
Given these limitations, a sensitive and specific measurement of Notch 
ligands in peripheral blood may prove useful as a point-of-care triage 
test to indicate referral for further testing or treatment. Such a test may 
have utility in unscreened individuals or in PLHIV. Because elevated 
Notch ligands are a host response to infection, establishing the speci-
ficity of this test would be a crucial first step which would involve 
screening blood from individuals with a variety of confirmed viral and 
bacterial infections endemic to the area where the test would be used. If 
the test was specific, the sensitivity could then be tested in PLHIV and 
stratified by CD4+ T cell counts. 

DLL4 expression is upregulated on the surface of myeloid cells in 
both humans and mice as a result of mycobacterial infection [10] and 
DLL1 is upregulated on the surface of macrophages as a result of expo-
sure to type 1 interferon [13]. Upon binding to a Notch receptor, it is 
accepted that the majority of Delta ligands are endocytosed and in some 
cases may be recycled back to the surface to promote future Notch in-
teractions [26]. Several studies have indicated that Notch must be 
immobilized or on the cell surface in order to transmit a signal to the 
Notch receptor [27,28], which provokes the question of why cell-free 
Notch ligands are increased in HIV infected individuals. DLL4 has 
been found on exosomes generated by murine embryonic stem cells[29] 
and DLL4 containing exosomes have measurable biological effects on 
angiogenesis in vitro [30,31], suggesting that exosomal Notch ligands 
can alter Notch signaling. A second possibility is that the Notch ligands 
exist as soluble, non-membrane bound proteins. The role of increased 
soluble Notch ligands during HIV infection or other infections is un-
known. However, soluble versions of DLL1 do not activate the Notch 
pathway in other systems [27,28,32]. The elevated levels of Notch li-
gands found in the serum of individuals with HIV suggest that these li-
gands may have an unknown function related to host defense. The 
significant increase in DLL1 and DLL4 serum levels that occurs in in-
dividuals with HIV/TB co-infection suggests that these two pathogens 
synergize to cause a host response that is more severe than that caused 
by either infection on its own. 

Due to the myriad cell types that express Notch in the human body, it 
is difficult to speculate on the source of increased Notch ligand in the 
samples from HIV-infected individuals. A recent report suggests that 
CD4+ T cells can express Notch ligands, including DLL1 and DLL4, when 
activated [33]. Therefore, it is possible that HIV infection of CD4+ T cells 
increases the release of a soluble or exosome-bound form of Notch li-
gands through a CD4+ T cell mediated mechanism. Further study will 
determine if the soluble versions of these ligands benefit the host or the 
pathogen during infection. Although we originally hypothesized that 
Notch ligands in the serum would be elevated in correlation with a 
diagnosis of TB, we determined that levels of both DLL1 and DLL4 were 
not correlated with TB alone. The increased levels of these ligands in 
HIV/TB coinfection may provide a rapid useful biomarker in resource 
poor areas. 

There are several limitations to this study. First, these results are 
obtained from a small cohort and will need to be repeated in a larger 
cohort of individuals to confirm the findings. Second, the cohort is 
derived from two different continents, with all of the HIV+ individuals 
coming from South Africa and all of the HIV- individuals coming from 
Viet Nam. This two-gate design is known to lead to overestimates of 
accuracy when assessing the potential of a diagnostic [34]. Although 
HIV is likely the factor that causes increases in Notch ligand expression, 
the construction of the cohort does not rule out variables including ge-
netics, diet and environment that may contribute to these findings. An 
additional limitation is the lack of individuals with extrapulmonary TB 
in our cohort, which limits the interpretation of the data to individuals 
that only have the pulmonary form of TB. 
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[24] Södersten E, Ongarello S, Mantsoki A, Wyss R, Persing DH, Banderby S, et al. 
Diagnostic accuracy study of a novel blood-based assay for identification of TB in 
people living with HIV. J Clin Microbiol 2020. https://doi.org/10.1128/ 
JCM.01643-20. 

[25] Bahr NC, Halupnick R, Linder G, Kiggundu R, Nabeta HW, Williams DA, et al. 
Delta-like 1 protein, vitamin D binding protein and fetuin for detection of 
Mycobacterium tuberculosis meningitis. Biomarkers Med 2018;12:707–16. 
https://doi.org/10.2217/bmm-2017-0373. 

[26] Chitnis A. Why is delta endocytosis required for effective activation of notch? Dev 
Dyn 2006;235:886–94. https://doi.org/10.1002/dvdy.20683. 

[27] Varnum-Finney B. Notch signaling requires immobilized Delta-1 n.d.:6. 
[28] Shimizu K, Chiba S, Saito T, Takahashi T, Kumano K, Hamada Y, et al. Integrity of 

intracellular domain of Notch ligand is indispensable for cleavage required for 
release of the Notch2 intracellular domain. EMBO J 2002;21:294–302. https://doi. 
org/10.1093/emboj/21.3.294. 

[29] Cruz L, Arevalo Romero JA, Brandão Prado M, Santos TG, Hohmuth LM. Evidence 
of Extracellular Vesicles Biogenesis and Release in Mouse Embryonic Stem Cells. 
Stem Cell Rev and Rep 2018;14:262–76. https://doi.org/10.1007/s12015-017- 
9776-7. 

[30] Sheldon H, Heikamp E, Turley H, Dragovic R, Thomas P, Oon CE, et al. New 
mechanism for Notch signaling to endothelium at a distance by Delta-like 4 
incorporation into exosomes. Blood 2010;116:2385–94. https://doi.org/10.1182/ 
blood-2009-08-239228. 

[31] Sharghi-Namini S, Tan E, Ong L-L-S, Ge R, Asada HH. Dll4-containing exosomes 
induce capillary sprout retraction in a 3D microenvironment. Sci Rep 2014;4:4031. 
https://doi.org/10.1038/srep04031. 

[32] Mishra-Gorur K, Rand MD, Perez-Villamil B, Artavanis-Tsakonas S. Down- 
regulation of Delta by proteolytic processing. J Cell Biol 2002;159:313–24. https:// 
doi.org/10.1083/jcb.200203117. 

[33] Mitra A, Shanthalingam S, Sherman HL, Singh K, Canakci M, Torres JA, et al. CD28 
Signaling Drives Notch Ligand Expression on CD4 T Cells. Front Immunol 2020;11. 
https://doi.org/10.3389/fimmu.2020.00735. 

[34] Rutjes AW, Reitsma JB, Vandenbroucke JP, Glas AS, Bossuyt PM. Case-Control and 
Two-Gate Designs in Diagnostic Accuracy Studies. Clin Chem 2005;51:1335–41. 
https://doi.org/10.1373/clinchem.2005.048595. 

J.R. Bermick et al.                                                                                                                                                                                                                              

https://doi.org/10.1038/nature09247
http://refhub.elsevier.com/S2405-5794(21)00047-4/h0085
http://refhub.elsevier.com/S2405-5794(21)00047-4/h0085
http://refhub.elsevier.com/S2405-5794(21)00047-4/h0085
http://refhub.elsevier.com/S2405-5794(21)00047-4/h0085
https://doi.org/10.1164/rccm.200905-0692OC
https://doi.org/10.1002/14651858.CD009593.pub3
https://doi.org/10.1002/14651858.CD012768.pub2
https://doi.org/10.1002/14651858.CD012768.pub2
https://doi.org/10.1371/journal.pone.0009848
https://doi.org/10.1371/journal.pone.0009848
https://doi.org/10.1186/1471-2334-13-407
https://doi.org/10.1128/JCM.01643-20
https://doi.org/10.1128/JCM.01643-20
https://doi.org/10.2217/bmm-2017-0373
https://doi.org/10.1002/dvdy.20683
https://doi.org/10.1093/emboj/21.3.294
https://doi.org/10.1093/emboj/21.3.294
https://doi.org/10.1007/s12015-017-9776-7
https://doi.org/10.1007/s12015-017-9776-7
https://doi.org/10.1182/blood-2009-08-239228
https://doi.org/10.1182/blood-2009-08-239228
https://doi.org/10.1038/srep04031
https://doi.org/10.1083/jcb.200203117
https://doi.org/10.1083/jcb.200203117
https://doi.org/10.3389/fimmu.2020.00735
https://doi.org/10.1373/clinchem.2005.048595

	Elevated Notch ligands in serum are associated with HIV/TB coinfection
	1 Introduction
	1.1 Materials and Methods
	1.1.1 Participants


	2 ELISA
	3 Statistical methods
	3.1 Results
	3.2 Discussion

	4 Ethics statement
	Declaration of Competing Interest
	Acknowledgments
	References


