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was under the positive selection in the other primates, espe-
cially in the Old World monkey. TIM1 might undergo a
selection pressure exerted by infectious disease and autoim-
mune disease.
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Supplemental Table S1. Primers used in the sequencing analyses of T/M]

Lineage* Segment** Forward primer (5'-3') Reverse primer (5'-3")
Exon2  CTGCTCATTTTCCTTCAGG TATTCTGGTCCTGCTCACT
Exon3  TGCCTAGCCGAGAGGAAATA GGAACCTCCTGTTTCCCTAT
Exon4  GGGCAATGACCAAGATTGAG CTGTCCTTCTGCCTTGATGC
Exon 5 AATGCCTGAAGGCCATCTTA GGCACTCAAGTCGGATCTGT

0 Exon6  TTCAACTTTTCATCGCCAGA AAAAATTCTGTGGGCTAGTCTTAC

Exon7  TTGGTCTTACCCTTATGTTCC GGTAGATGGTATTACCATGTG
Exon8  TTAGGGAGGATATGTGGATGA GCTACAAATATCACTGGAAGG
Exon9  GCTCCTGGAGTCTCGAATACC TCATACAATGCTTCCAAATGAA

Exon 2 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O
Exon 3 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O
Exon 4 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O

Exon 5 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O

N Exon 6 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O
Exon7  CAGAAGTACCCAGGCACCAA TTGGGGGATAAAGGGAAGTC
Exon 8 CTTGTATGGGTCCTACAGAC GGAGAGTTTAGGAGAGAGAC
Exon 9 Same as the equivalent primer for H, O  Same as the equivalent primer for H, O
Exon2  GCTCATTTTCCTTCAGGCTG CTACTATCCTTCTACTCCCC
Exon3  TGAGTTTTCAAAGAGAATATGGA GAAGGAACTTCCACTTTCCC
Exon4  GAGTTCTGCTTGGGGACAGA CACCTGAGCCAGATTCACAC

> Exon5  TTTCCTCCACAAATGGAACAC AAGATTTGAATTATCCCAAGTGT

Exon 6 GGCAATGTGAATATATTTAGTG TCTGTGGGCTAGTCTTACA
Exon 7 TTCCAGAAGTAGCTAAGGTCCA TGAGGATTTGGGGACATAGG
Exon 8 AGGGAAGGGTCCGAGTAACA AACGGAGGTGCTCATTCATC
Exon 9 CAATACTCAGGGCTACACTT TCTGCAGTCATGGGCACAA

*; H: Homioid, O: Old World monkey, N: New World monkey, P: Prosimian

*#; Each exon/equivalent region and its adjacent regions were amplified



Supplemental Table S2. Accession numbers for nucleotide sequences for 7/M! deposited in DDBJ

Lineage Primate species Accession number
human (Homo sapiens) AB607987
chimpanzee (Pan troglodytes) : AB607988
bonobo (Pan panisciis) AB607989

Homioid western gorilla (Gorilla gorilla) AB607990
Bornean orangutan (Pongo pygmaeus) AB607991
western black-crested gibbon (Nomascus concolor) AB607992
lar gibbon (Hylobates lar) AB607993
siamang (Symphalangus syndactylus) AB607994
rhesus macaque (Macaca mulatta) AB607995
long-tailed macaque (Macaca fascicularis) AB607996
Hamadryas baboon (Papio hamadryas) | AB607997

Old World Monkey
mantled Guereza colobus (Colobus guereza) AB607998
dusky leaf monkey (Trachypithecus obscures) AB607999
silver leaf monkey (Trachypithecus cristatus) AB608000
Geoffroy’s spider monkey (Ateles geoffroyi) AB608001
white-fronted spider monkey (Ateles belzebuth) AB608002
tufted capuchin (Cebus apella) AB608003
common squirrel monkey (Saimiri sciureus) AB608004
New World Monkey golden-handed tamarin (Saguinus midas) AB608005
white-lipped tamarin (Saguinus labiatus) AB690311
cotton-top tamarin (Saguinus Oedipus) AB608006
golden lion tamarin (Leonthopithecus rosalia) AB608007
common marmoset (Callithrix jacchus) AB608008
Prosimian Sunda slow loris (Nycticebus coucang) AB608009




Supplemental Table S3. Primers used in the expression analysis of T/MI

Forward*  Reverse** Forward primer (5'-3") Reverse primer (5'-3")

within junction of
ACAGTTGTGTCTGACAGTGG  GGTGTCATTCCCATCTGTTG

exon3 exon 5-6
junction of within
CAACAGATGGGAATGACACC TGTCTTCTGCTTGGACTTCC
exon 5-6 exon9

*; corresponding regions designed for forward primers

**; corresponding regions designed for reverse primers



Supplemental Table 4. Analysis of positive selection for TIM1 exon 4 by the Bn-Bs program

Lineage”’ o™ dn* ds™ Z-score p-value®
Hum 0.57 0.011 0.020 0.0> ns
Chi 1.13 0.032 0.029 0.1 ns
Bon 0.47 0.014 0.030 0.0> ns
Gor 0.74 0.013 0.018 0.0> ns
Ora 0.76 0.054 0.071 0.0> ns
Gib 2.04 0.017 0.008 0.6 ns
Lar 8.66 0.003 0.000 0.7 ns
Sia nc 0.005 0.000 1.1 ns
Rhe nc 0.000 0.000 0.0 ns
Lot nc 0.000 0.000 0.0 ns
Bab 0.42 0.004 0.009 0.0> ns
Col 0.32 0.038 0.117 0.0> ns
Dus nc 0.000 0.000 0.0 ns
Sil nc 0.000 0.000 0.0 ns
Lor 0.59 0.109 0.184 0.0> ns
Hominoid ancestor 1.44 0.018 0.012 0.2 ns
Hum, Chi, Bon, Gor, Ora ancestor 6.37 0.017 0.003 0.7 ns
Hum, Chi, Bon, Gor ancestor 0.72 0.012 0.016 0.0> ns
Hum, Chi, Bon ancestor 0.37 0.001 0.002 0.0> ns
Chi, Bon ancestor 0.00 0.000 0.000 0.0> ns
Gib, Lar, Sia ancestor 1.04 0.028 0.027 0.0 ns
Lar, Sia ancestor 0.00 0.000 0.013 0.0> ns

0ld World Monkey ancestor 5.22 0.087 0.017 1.9 0.031%

Rhe, Lot, Bab ancestor 0.08 0.006 0.077 0.0> ns
Rhe, Lot ancestor 0.44 0.020 0.046 0.0> ns
Col, Dus, Sil ancestor nc 0.001 0.000 0.1 ns
Dus, Sil ancestor 0.28 0.022 0.077 0.0> ns

#1: Hum; human, Chi; chimpanzee, Bon; bonobo, Gor; gorilla, Ora; orangutan, Gib;

black-crested gibbon, Lar; lar gibbon, Sia; siamang, Rhe; rhesus macaque, Lot; long-tailed

macaque, Bab; baboon, Col; colobus, Dus; dusky leaf monkey, Sil; silver leaf monkey, Lor;

Sunda loris.

#2; ® were not calculated (nc), because ds=0.
#3; number of reference sites for dn was 128.2

#4; number of reference sites for ds was 58.2

#5: ns; not significant, p>0.05

#6; chi-square obtained by the PAML program was 2.20 (p>0.05)



Supplemental Table S5. Length polymorphisms of TIM1 exon 4 in the Old World monkeys

Rhesus macaques (2n=32)

Long-tailed macaques (2n=20)

Size of exon 4* n frequency Size of exon 4* n frequency
384 3 0.09 330 2 0.10
402 2 0.06 408 4 0.20
408 2 0.06 414 2 0.10
426 6 0.19 426 3 0.15
438 1 0.03 456 6 0.30
456 2 0.06 459 1 0.05
462 2 0.06 462 1 0.05
474 2 0.06 498 1 0.05
498 6 0.19
516 6 0.19

*; size in base pairs.



Supplemental Table S6. Analysis of positive selection for 77M3 and 7/M4 in the primates by the

Bn-Bs Program

a) TIM3
Lineage®' ® dn ds™ Z-score p-value™
Hum 0.48 0.005 0.01 <0.0 ns
Chi 1.07 0.010 0.01 0.1 ns
Hum, Chi ancestor 0.69 0.008 0.01 <0.0 ns
Ora 0.74 0.013 0.02 <0.0 ns
Hum, Chi, Ora ancestor 0.16 0.003 0.02 <0.0 ns
Rhe 0.87 0.038 0.04 <0.0 ns
Mar 0.43 0.061 0.14 <0.0 ns
b) TIM4
Lineage”' ® dn® ds* Z-score p-value
Hum 0.81 0.006 0.01 <0.0 ns
Chi 29.43 0.006 <0.001 2.1 0.017%
Hum, Chi ancestor 0.30 0.011 0.04 <0.0 ns
Ora 0.67 0.015 0.02 <0.0 ns
Hum, Chi, Ora ancestor 0.61 0.010 0.02 <0.0 ns
Rhe 0.46 0.023 0.05 <0.0 ns
Mar 0.79 0.072 0.09 <0.0 ns
#1: Hum; human, Chi; chimpanzee, Ora; orangutan, Rhe; rhesus, Mar; marmoset.
#2: number of reference sites for dn was 616.9.
#3: number of reference sites for ds was 205.1.
#4: ns; not significant, p>0.05.
#5: number of reference sites for dn was 830.0.
#6: number of reference sites for ds was 271.0.
#7: chi-square obtained by the PAML program was 3.81 (p>0.05).



Legend to Supplemental Figures

Figure S1. Sequence alignment of 7/MI exon2-equivalent region in New World monkeys
Nucleotide sequences of exon 2-equivalent region from New World monkeys are aligned
with exon 2 sequences of human 77M1 starting from the initiation codon ATG. Dashes

indicate alignment gaps. Direct repeats flanking the insertion are indicated in yellow.

Figure S2. Sequence alignment of human 7/M] and predictive coding molecule of
marmoset T/MI-like gene
Marmoset 77MI-like gene in chromosome 13 was translated and aligned with human 77M1.

Dashes indicate alignment gaps. Asterisks in yellow indicate in-frame termination codons.
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The TIM (T cell/transmembrane, immunoglobulin and mucin) proteins are crucial regulators of Th1/Th2
immune responses and have been implicated in several diseases including HIV-1/AIDS. The TIM1 exon 4
that codes for mucin domain is highly diverse, with sequence variants associated with varying pheno-
types. In this study, TIM1 exon 4 was sequenced among 227 HIV-1 seroprevalent and 288 healthy non
infected individuals from North Indian population and haplotypes established. A novel but rare haplotype
D1* was identified among the healthy and differed from D1 by a synonymous substitution G>T at
Thr208Thr. The TIM1 haplotype diversity showed no association with susceptibility to HIV-1 infection.
The seroprevalent individuals carrying D3A had relatively higher median CD4+T cell counts (368/ul) than
those without (313/ul; p = 0.02). A comparison of CD4+T counts between D3-A individuals on ART or ART
naive did not show any significant difference plausibly due to confounding nature of ART and other
factors.

© 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

1. Introduction

The human TIM (T cell/transmembrane, immunoglobulin and
mucin) family consists of three type I cell surface glycoproteins
(TIM1, TIM3 and TIM4) with N terminal immunoglobulin (Ig) like
domains at distal end and highly polymorphic proximal mucin do-
mains with N- and O-linked glycosylation sites [1-3]. The TIM fam-
ily genes are located on chromosome 5q33.2 [4], and have been
reported to be associated with asthma [5], atopy [6], autoimmunity
[1], malaria [7] and viral infections [8].

The TIM1 mucin domain, in particular, has been a hotspot of
both positive and over-dominant selection with numerous non-
synonymous substitutions and phenotypic variations [9]. It ap-
pears to have undergone a selective sweep in Chimpanzees caused
by pathogens like SIV and is thus an important candidate gene for
evaluating human immune responses against HIV-1 [8,9].

The TIM-1 receptor is preferentially expressed on Th2 cells and
acts as a potent co-stimulatory activator of Th2 responses [3]. An
imbalance of Th1/Th2 cell responses has been linked to poor prog-
nosis and increased viral replication during HIV-1 infection [10].

* Corresponding authors.
E-mail addresses: gurvinder@hotmail.com (G. Kaur), akitis@mritmd.ac.jp
(A. Kimura).

The role of TIM gene family products and their variability on
Th1/Th2 immune responses in HIV-1 infection, disease progression
and immunopathogenesis are largely unknown. There has been
only one study reported so far that has shown an association of
TIM1 haplotype (D3-A) with delayed progression to AIDS and bet-
ter CD4 counts among HIV-1 infected Thai female cohort [8].
Therefore, the present study was planned with the aim of evaluat-
ing TIM1 mucin domain polymorphisms among North Indian
population infected with HIV-1.

2. Materials and methods

The study was conducted using materials collected from 227 HIV-
1 positive (+ve) patients, enrolled from Department of Microbiology
and antiretroviral treatment (ART) clinic of All India Institute of
Medical Sciences, New Delhi and a control group of 288 healthy indi-
viduals, all unrelated and evenly distributed within the North Indian
states of Delhi, Punjab, Haryana, Himachal Pradesh, Uttarakhand
and Uttar Pradesh. The healthy and patient groups were age and
gender matched; with median age of 28 and 32 years and male/
female ratios of 1.28 and 1.7, respectively. Among patients, 121 were
asymptomatic ART naive while 106 were on ART. The patients were
followed for clinical and immunological details including CD4
counts for more than 2 years from the date of enrollment.

0198-8859/$36.00 - see front matter © 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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Table 1

Distribution of TIM-1 haplotypes in healthy and HIV +ve subjects (‘ART naive’ and ‘on ART’) in North Indian population.

Haplotype frequency

Healthy

3bp 18bp oT 3bp 1bp AG G>T
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TIM1
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Ethical approval for the study was obtained from the Institu-
tional Ethical Committee of All India Institute of Medical Sciences
and study subjects were enrolled following their informed consent.
The study protocol was also approved by the Ethics Reviewing
Committee of Medical Research Institute, Tokyo Medical and Den-
tal University. Ten ml of peripheral blood was collected by veni-
puncture into Na,-EDTA coated vacutainers for DNA extraction
and plasma isolation. Ammonium acetate salting out procedure
was used for extraction of DNA from blood samples [11] and used
for TIM1 exon 4 sequencing.

Polymorphisms in the mucin domain of TIM-1 encoded by exon
4 were analyzed by direct sequencing, as described previously [8].
Briefly, primers 5-GGGCAATGACCAAGATTGAC-3' and 5-AC-
CTTGATACAATGCCCTGG-3" were used to amplify ‘a 470 bp frag-
ment containing exon 4 of TIMI1. The PCR products were
sequenced by using the PCR primers and BigDye Terminator v
3.1 cycle sequencing kit (Applied Biosystems, California, USA) in
ABI Prism 3130x!l genetic analyzer. The TIM-1 haplotypes were
determined using Haploview software based on the previous re-
port [8,9]. Haplotypes were compared among the healthy and
HIV-1 infected groups by the chi square test or Fisher’s exact test
wherever applicable. Continuous variables (CD4+T cell counts)
were stratified based on the haplotypic background and compared
by non-parametric Wilcoxon Rank Sum (Mann Whitney U) test.

3. Results

Of the known eleven TIM-1 haplotypes [9], six haplotypes
namely W-A, W-C, D1, D3-A, D3-C and D4 were observed in the
North Indian population (Table 1). Among these, D3-A was found
to be the most prevalent haplotype and occurred with comparable
frequencies in healthy (47.5%) as well as HIV +ve subjects (46.5%).
The next most frequent haplotype was D3-C (21.9%) followed by
D4 (21.4%), W-A (5.7%), D1 (2.1%) and W-C (0.7%). In addition, a no-
vel haplotype D1* which differed from D1 by a synonymous G to T
transversion (Thr 208 Thr) was found in 4 healthy individuals
(0.7%).

A comparison of distribution of TIM-1 haplotypes between
healthy controls and HIV +ve subjects is shown in Table 1. There
was no significant difference in TIM-1 haplotypic distribution
among these groups. In addition, the haplotypic distribution of
TIM-1 did not show any significant difference in asymptomatic
ART naive HIV +ve subjects versus symptomatic patients on ART
(Table 1).

The median CD4+T cell counts of HIV +ve subjects were ana-
lyzed by stratifying the individuals according to the presence or
absence of various TIM-1 haplotypes (D1, D3-A, D3-C, D4 and
W-A) as shown in Table 2. The patients carrying the D3-A haplo-
type had relatively higher CD4+T counts/ul (median 368/ul) as
compared to those without it (median 313/ul; p = 0.02). However,
when patients on ART or ART naive were compared among each
other, the level of significance of this difference was abolished. This
could plausibly be attributed to the confounding nature of ART and
other factors and could be further established among a larger
cohort size.

4. Discussion

This is a first preliminary study on the role of TIM1 sequence
variations during HIV-1 infection in the North Indian population.
The study has shown the presence of six TIMI haplotypes W-A,
W-C, D1, D3-A, D3-C and D4, similar to those as described earlier
[8,9] plus an additional novel D1* haplotype. The haplotype D3-A
was found to be the most predominant one and showed a modest
association with higher CD4+T cell counts among HIV +ve individ-
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Table 2

Comparison of median CD4+T cell counts/pul blood in HIV +ve subjects (with or without symptoms/antiretroviral treatment) stratified on the basis of presence or absence of

various TIM-1 haplotypes.

Haplotype D1 D3-A D3-C D4 W-A

Present Absent Present Absent Present Absent Present Absent Present Absent
ART naive (n =99) n=5 n=94 n=77 n=22 n=43 n=>56 n=34 n=65 n=8 n=91
Median CD4+T counts 448 439 448 400 425 457 410 468 451 440
p Value 0.96 0.44 0.76 0.1 0.81
On ART (n=101) n=4 n=97 n=66 n=35 n=41 n=60 n=41 n=60 n=11 n=90
Median CD4+T counts 284 239 262 211 219 253 222 261 225 250
p Value 0.99 0.07 0.39 033 0.96
Total HIV cohort (n = 200) n=9 n=191 n=143 n=57 n=284 n=116 n=75 n=125 n=19 n=181
Median CD4+T counts 324 355 368 313 358 344 324 364 355 355
p Value 0.89 0.02 0.82 0.07 0.96

Note: Haplotypes W-C and D1* were not evaluated since these were either absent or present in very low frequencies in the patients.

uals. Similar difference was also observed amongst ART naive and
on ART subgroups but could not reach statistical significance. This
could plausibly be attributed to confounding nature of ART plus
other factors and needs to be explored further among a larger co-
hort size. Recently, studies have shown that mucin 1 secreted in
milk [12] and mucin 6 in seminal plasma {13] could bind to DC-
SIGN and block viral transfer to CD4 cells and ultimately skew
the mounted immune responses.

A similar study in a HIV-1 infected female cohort in Thailand
also showed an association of TIM1 D3-A haplotype with higher
CD4+T cell counts and delayed disease progression to AIDS [8]. A
possible link of these haplotypes has been suggested with rela-
tively low levels of TIM-1 expression {8] and hence lower Th2 pro-
motion and enhanced Th1 responses thereby facilitating enhanced
CTL responses and better prognosis or delayed disease progression.
On the contrary, enhanced Th1 could also favor proliferation of
CCR5+CD4+ T cells and support viral replication.

The present study suffers from a major limitation of unavail-
ability of dates of HIV-1 infection/seroconversion and regular viral
load data. Hence, we could not assess the rates of progression
among individuals with different TIM1 haplotypes. A comparison
of haplotype frequencies did not reveal any significant difference
among healthy and HIV +ve subjects, suggesting a lack of direct
association of TIM1 haplotypes with the susceptibility to HIV infec-
tion in the Indian population, although their indirect effect via
interaction with other genes cannot be ruled out.

The D3-A haplotype (and D3-C) of TIM1 contain an 18 bp dele-
tion due to which a 6 amino acid long stretch of MTTTVP is ex-
cluded and a shorter form of protein is expressed. It has been
hypothesized that this shorter form evolved as a protective mech-
anism against the hepatitis A virus (HAV) since this receptor form
does not bind to the virus as efficiently as long forms. It was shown
that HAV-induced liver damage was associated with the insertion
polymorphism [14], earlier shown to be associated with protection
against asthma and allergic diseases. A relative analysis of presence
of this deletion/insertion in the present study, however, did not re-
veal any significant correlation with the susceptibility to HIV-1 or
to CD4+T cell counts (data not shown).

In conclusion, we report a possible influence of TIM1 D3-A hap-
lotype on HIV-1 infection in North Indians. Further studies are re-
quired to explore the influence of circulating TIM1 and other TIM
haplotypes on specific CD4+T cell subsets during HIV-1 infection
and in the development of AIDS.

Acknowledgements

We thank Dr. Toshiaki Nakajima for his contribution in the ini-
tial course of the study. This work was supported in part by grants
for India-Japan Cooperative Science Program from Japan Society for
the Promotion of Science (JSPS), Japan and Department of Science
and Technology (DST), India and research grants from the Ministry
of Health, Labor and Welfare, Japan, and a support for women
researchers from the Tokyo Medical and Dental University.

References

[1] Encinas JA, Kuchroo VK. Mapping and identification of autoimmunity genes.
Curr Opin Immunol 2000;12:691-7.

[2] Mclntire J], Umetsu DT, DeKruyff RH. TIM-1, a novel allergy and asthma
susceptibility gene. Springer Semin Immunopathol 2004;25:335-48.

[3] Freeman GJ, Casasnovas JM, Umetsu DT, et al. TIM genes: a family of cell
surface phosphatidylserine receptors that regulate innate and adaptive
immunity. Immunol Rev 2010;235:172-89.

{4] Lee J, Phong B, Egloff AM, Kane LP. TIM polymorphisms - genetics and function.
Genes Immunity 2011;12:595-604.

[5] Gao PS, Mathias RA, Plunkett B, et al. Genetic variants of the TIM-1 but not the
TIM3 gene are associated with asthma in an African American population. ]
Allergy Clin Immunol 2005;115:982-8.

[6] Graves PE, Siroux V, Guerra S, et al. Association of atopy and eczema with
polymorphisms in T cell immunoglobulin domain and mucin domain IL2
inducible T cell kinase gene cluster in chromosome 5q33. ] Allergy Clin
Immunol 2005;116:650-6.

[7] Nuchnoi P, Ohashi }, Kimura R, et al. Significant association between TIM1
promoter polymorphisms and protection against cerebral malaria in Thailand.
Ann Hum Genet 2008;72:327-36.

[8] Wichukchinda N, Nakajima T, Saipradit N, Nakayama E, et al. TIM-1 haplotype
may control the disease progression to AIDS in a HIV-1 infected female cohort
in Thailand. AIDS 2010;24:1625-31.

[9] Nakajima T, Wooding S, Satta Y, Jinnai N, et al. Evidence for natural selection in
the HAVCR1 gene: high degree of amino acid variability in the mucin domain
of human HAVCR1 protein. Genes Immunity 2005;6:398-406.

[10] Romagnani S, DelPrete G, Manetti R, Ravina A, et al. Role of Th1/Th2 cytokines
in HIV infection. Immunol Rev 1994;140:73-92.

{11] Kaur G, Kumar N, Nandakumar R, et al. Utility of saliva and hair follicles in
donor selection for hematopoietic stem cell transplantation and chimerism
monitoring. Chimerism 2012;3:1-9.

[12] Saeland E, de Jong MA, Nabatov AA, Kalay H, et al. MUC1 in human milk blocks
transmission of human immunodeficiency virus from dendritic cells to T celis.
Mol Immunol 2009;46:2309-16.

[13] Stax M], van Montfort T, Sprenger RR, Melchers M, et al. Mucin 6 in seminal
plasma bindsDC-SIGN and potently blocks dendritic cell mediated transfer of
HIV-1 to CD4(+)T-lymphocytes. Virology 2009;391:203-11.

[14] Kim HY, Eyheramonho MB, Pichavant M, et al. A polymorphism in TIM1 is
associated with susceptibility to severe hepatitis A virus infection in humans. ]
Clin Invest 2011;121:1111-8.






